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DEPARTMENT OF HEALTH 
AND HUMAN SERVICES 

DEPARTMENT OF 
AGRICULTURE 

January 28, 2015 

The Honorable Sylvia Mathews Burwell 
Secretary of Health and Human Services 
200 Independence Avenue, SW 
Washington DC, 20201 

The Honorable Thomas J. Vilsack 
Secretary of Agriculture 
1400 Independence Avenue, SW 
Washington DC, 20250 

Dear Secretaries Burwell and Vilsack, 

It is my great honor to present to you the final Scientific Report of the 2015 Dietary 
Guidelines Advisory Committee (DGAC). When appointed a year and a half ago, our 
Committee accepted the charge of examining where sufficient “new scientific evidence is likely 
to be available that may inform revisions to the current guidance or suggest new guidance.” 
We recognized the importance and key function of the U.S. Dietary Guidelines in forming the 
basis of Federal nutrition policy and programs and in providing a critical framework for local, 
state, and national health promotion and disease prevention strategies. We also understood 
the influence of the Guidelines in shaping policies, standards, and initiatives across the public 
and private sectors, including public health and health care, education, business, and the 
food industry and retailers. As such, we approached our review with a broad scope to 
address the many issues that may be relevant as the government creates the 2015 Dietary 
Guidelines for Americans. 

In carrying out our charge, the 2015 DGAC formulated a set of overarching goals. In brief, we 
planned to determine the current composition and quality of the American diet and areas of 
public health concern; trends in the Nation’s leading diet- and lifestyle-related health 
problems; the established, measurable impact of overall dietary patterns and physical activity 
on short- and long- term health outcomes; the most effective methods of improving dietary 
patterns and physical activity to achieve favorable health outcomes in Americans 2 years and 
older; and sound strategies to help promote a healthy, safe, affordable, and sustainable food 
supply. We also were intent on identifying the Nation’s major diet- and lifestyle-related health 
disparities and levels of food insecurity in underserved populations. Recognizing the dynamic 
interplay between individuals, their families and communities, and the environment, we laid 
out an ecological, systems-based conceptual framework to guide our deliberative processes 
and then evaluated almost 100 primary and many ancillary research questions. 

Over the past 18 months, the 2015 DGAC was extremely privileged to work with the 
outstanding Federal support staff of the U.S. Departments of Agriculture and Health and 
Human Services. We wish to acknowledge these individuals and their invaluable assistance 
as we developed our Report. We will be forever grateful for their dedication to working with 
our expert Committee to create the most productive and wonderfully collegial environment for 
our deliberations. With their 



extraordinarily capable assistance, we were able to develop a current and sound evidence 
base using many complex sources, including an abundance of original peer-reviewed 
literature compiled by USDA’s Nutrition Evidence Library and its national network of research 
volunteers, the national nutrition and health data monitoring systems, the National Health and 
Nutrition Examination Survey, and the USDA food pattern modeling process. 

Our Report highlights the major diet-related health problems we face as a Nation and must 
reverse. About half of all American adults— 117 million individuals—have one or more 
preventable chronic diseases that relate to poor quality dietary patterns and physical inactivity, 
including cardiovascular diseases, hypertension, type 2 diabetes, and diet-related cancers. 
More than two-thirds of adults and nearly one-third of children and youth are overweight or 
obese. These devastating health problems have persisted for decades, strained U.S. health 
care costs, and focused the attention of our health care system on disease treatment rather 
than prevention. They call for bold action and sound, innovative solutions. 

The dietary patterns of the American public are suboptimal and are causally related to poor 
individual and population health and higher chronic disease rates. Unfortunately, few 
improvements in consumers’ food choices have occurred in recent decades. On average, the 
U.S. diet is low in vegetables, fruit, and whole grains and too high in calories, saturated fat, 
sodium, refined grains, and added sugars. Under-consumption of vitamin D, calcium, 
potassium, and fiber are of public health concern for the majority of the U.S. population. 
Furthermore, more than 49 million people in the United States, including nearly 9 million 
children, live in food insecure households. Creative, evidence-based strategies are needed to 
reverse these alarming trends. 

The economic and social costs of preventable chronic diseases, health disparities, and food 
insecurity are enormous, and the Nation’s adverse dietary pattern and physical activity trends 
must be reversed. The 2015 DGAC hopes that its Report will aid in developing public policies 
that aim to establish a “culture of health” at individual and population levels and, in so doing, 
make healthy lifestyle choices easy, accessible, affordable and normative—both at home and 
away from home. Dramatic paradigm shifts arc needed to help individuals and families take 
more active roles in their personal health and to incentivize health care and public health 
services, programs, and research to focus more on prevention and personal diet and lifestyle 
management. We hope our Report will also lead to public policies that align the public and 
private sectors on common ground to work collaboratively to develop and offer healthier food 
products and choices, expanded nutrition programs and services focused on prevention, and 
greater opportunities for increased physical activity. We urge the development and 
implementation of nutrition and related policies, standards, programs, and services that 
promote population-wide healthy dietary patterns and physical activity. Our Report also 
recommends key research areas where priority attention is needed. That said, the Committee 
wishes to emphasize that the current evidence base has never been stronger and provides a 
sound basis to guide the development of public policies and effective nutrition and physical 
activity interventions to promote health and prevent disease at individual and population 
levels. Establishing the policy framework to achieve these aims is of paramount importance. 
We look forward to the translation of this Report into future recommendations in the 2015 
Dietary Guidelines for Americans. 

Respectfully and sincerely yours, 

Barbara E. Millen, DrPH, RD, FADA 
Chair, 2015 Dietary Guidelines Advisory Committee 
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The 2015 Dietary Guidelines Advisory Committee 
(DGAC) was established jointly by the Secretaries of 
the U.S. Department of Health and Human Services 
(HHS) and the U.S. Department of Agriculture 
(USDA). The Committee was charged with examining 
the Dietary Guidelines for Americans, 2010 to 
determine topics for which new scientific evidence was 
likely to be available with the potential to inform the 
next edition of the Guidelines and to place its primary 
emphasis on the development of food-based 
recommendations that are of public health importance 
for Americans ages 2 years and older published since 
the last DGAC deliberations. 

7KH������'*$&¶V�ZRUN�ZDV�JXLGHG�E\�WZR�
fundamental realities. First, about half of all American 
adults²117 million individuals²have one or more 
preventable, chronic diseases, and about two-thirds of 
U.S. adults²nearly 155 million individuals²are 
overweight or obese. These conditions have been 
highly prevalent for more than two decades. Poor 
dietary patterns, overconsumption of calories, and 
physical inactivity directly contribute to these 
disorders. Second, individual nutrition and physical 
activity behaviors and other health-related lifestyle 
behaviors are strongly influenced by personal, social, 
organizational, and environmental contexts and 
systems. Positive changes in individual diet and 
physical activity behaviors, and in the environmental 
contexts and systems that affect them, could 
substantially improve health outcomes. 

Recognizing these realities, the Committee developed a 
conceptual model based on socio-ecological 
frameworks to guide its work (see Part B. Chapter 1: 
Introduction) and organized its evidence review to 
examine current status and trends in food and nutrient 
intakes, dietary patterns and health outcomes, 
individual lifestyle behavior change, food and physical 
activity environments and settings, and food 
sustainability and safety. 

The remainder of this Executive Summary provides 
brief synopses of WKH�'*$&¶V topic-specific evidence 
review chapters. Each of these chapters ends with a list 
of research recommendations (see Appendix E-1: 
Needs for Future Research for a compilation of these 

recommendations). The Committee integrated its 
findings and conclusions into several key themes and 
articulated specific recommendations for how the 
UHSRUW¶V�ILQGLQJV�FDQ�EH�SXW�LQWR�DFWLRQ�DW�WKH�
individual, community, and population levels. The 
Executive Summary ends with a brief summary of this 
chapter. 

723,&�63(&,),&�),1',1*6�$1'�
&21&/86,216� 

)RRG�DQG�1XWULHQW�,QWDNHV��DQG�+HDOWK��&XUUHQW�
6WDWXV�DQG�7UHQGV� 

The DGAC conducted data analyses to address a series 
of questions related to the current status and trends in 
the NDWLRQ¶V�GLHWDU\�LQWDNH��7KH�TXHVWLRQV�IRFXVHG�RQ��
intake of specific nutrients and food groups; food 
categories (i.e., foods as consumed) that contribute to 
intake; eating behaviors; and the composition of 
various dietary patterns shown to have health benefits. 
These topics were addressed using data from the What 
We Eat in America dietary survey, which is the dietary 
intake component of the ongoing National Health and 
Nutrition Examination Survey. Food pattern modeling 
using the USDA Food Pattern food groups also was 
used to address some questions. In addition, the DGAC 
examined the prevalence and trends of health 
conditions that may have a nutritional origin, or where 
the course of disease may be influenced by diet. 

The DGAC found that several nutrients are 
underconsumed relative to the Estimated Average 
Requirement or Adequate Intake levels set by the 
Institute of Medicine (IOM) and the Committee 
characterized these as shortfall nutrients: vitamin A, 
vitamin D, vitamin E, vitamin C, folate, calcium, 
magnesium, fiber, and potassium. For adolescent and 
premenopausal females, iron also is a shortfall nutrient. 
Of the shortfall nutrients, calcium, vitamin D, fiber, 
and potassium also are classified as nutrients of public 
health concern because their underconsumption has 
been linked in the scientific literature to adverse health 
outcomes. Iron is included as a shortfall nutrient of 
public health concern for adolescent females and adult 
females who are premenopausal due to the increased 
risk of iron-deficiency in these groups. The DGAC also 
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found that two nutrients²sodium and saturated fat² 
are overconsumed by the U.S. population relative to the 
Tolerable Upper Intake Level set by the IOM or other 
maximal standard and that the overconsumption poses 
health risks. 

In comparison to recommended amounts in the USDA 
Food Patterns, the majority of the U.S. population has 
low intakes of key food groups that are important 
sources of the shortfall nutrients, including vegetables, 
fruits, whole grains, and dairy. Furthermore, population 
intake is too high for refined grains and added sugars. 
The data suggest cautious optimism about dietary 
intake of the youngest members of the U.S. population 
because many young children ages 2 to 5 years 
consume recommended amounts of fruit and dairy. 
However, a better understanding is needed on how to 
maintain and encourage good habits that are started 
early in life. Analysis of data on food categories, such 
as burgers, sandwiches, mixed dishes, desserts, and 
beverages, shows that the composition of many of these 
items could be improved so as to increase population 
intake of vegetables, whole grains, and other 
underconsumed food groups and to lower population 
intake of the nutrients sodium and saturated fat, and the 
food component refined grains. Improved beverage 
selections that limit or remove sugar-sweetened 
beverages and place limits on sweets and desserts 
would help lower intakes of the food component, added 
sugars. 

The U.S. population purchases its food in a variety of 
locations, including supermarkets, convenience stores, 
schools, and the workplace. The DGAC found that 
although diet quality varies somewhat by the setting 
where food is obtained, overall, no matter where the 
food is obtained, the diet quality of the U.S. population 
does not meet recommendations for vegetables, fruit, 
dairy, or whole grains, and exceeds recommendations, 
leading to overconsumption, for the nutrients sodium 
and saturated fat and the food components refined 
grains, solid fats, and added sugars.  

Obesity and many other health conditions with a 
nutritional origin are highly prevalent. The Nation must 
accelerate progress toward reducing the incidence and 
prevalence of overweight and obesity and chronic 
disease risk across the U.S. population throughout the 
lifespan and reduce the disparities in obesity and 
chronic disease rates that exist in the United States for 

certain ethnic and racial groups and for those with 
lower incomes. 

The DGAC had enough descriptive information from 
existing research and data to model three dietary 
patterns and to examine their nutritional adequacy. 
These patterns are the Healthy U.S.-style Pattern, the 
Healthy Mediterranean-style Pattern, and the Healthy 
Vegetarian Pattern. These patterns include the 
components of a dietary pattern associated with health 
benefits.  

'LHWDU\�3DWWHUQV��)RRGV�DQG�1XWULHQWV��DQG� 
Health Outcomes� 

A major goal of the DGAC was to describe the 
common characteristics of healthy diets, and the 
Committee focused on research examining dietary 
patterns because the totality of diet²the combinations 
and quantities in which foods and nutrients are 
consumed²may have synergistic and cumulative 
effects on health and disease. The Committee focused 
on providing a qualitative description of healthy dietary 
patterns based on scientific evidence for several health 
outcomes. 

The DGAC found remarkable consistency in the 
findings and implications across its conclusion 
statements for the questions examining dietary patterns 
and various health outcomes. When reviewing the 
evidence, the Committee attempted to adhere to the 
language used by the study authors in describing food 
groupings. There was variability across the food 
groupings, and this was particularly apparent in the 
PHDW�JURXS��)RU�H[DPSOH��³WRWDO�PHDW´�PD\�KDYH�EHHQ�
GHILQHG�DV�³PHDW��VDXVDJH��ILVK��DQG�HJJV�´�³UHG�PHDW�� 
SURFHVVHG�PHDW��DQG�SRXOWU\�´�RU�Yarious other 
FRPELQDWLRQV�RI�PHDW��6LPLODUO\��³YHJHWDEOHV´�VHHPHG� 
to most often exclude potatoes, but some studies 
included potatoes, yet those that mentioned potatoes 
rarely provided information on how the potatoes were 
consumed (e.g., fried versus baked). When reported in 
the studies, the Committee considered these definitions 
in their review. However, the Committee provided a 
general label for the food groupings in its conclusion 
statements. 

The overall body of evidence examined by the 2015 
DGAC identifies that a healthy dietary pattern is higher 
in vegetables, fruits, whole grains, low- or non-fat 
dairy, seafood, legumes, and nuts; moderate in alcohol 
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(among adults); lower in red and processed meat;1 and 
low in sugar-sweetened foods and drinks and refined 
grains.  Vegetables and fruit are the only characteristics 
of the diet that were consistently identified in every 
conclusion statement across the health outcomes. 
Whole grains were identified slightly less consistently 
compared to vegetables and fruits, but were identified 
in every conclusion with moderate to strong evidence. 
For studies with limited evidence, grains were not as 
consistently defined and/or they were not identified as 
a key characteristic. Low- or non-fat dairy, seafood, 
legumes, nuts, and alcohol were identified as beneficial 
characteristics of the diet for some, but not all, 
outcomes. For conclusions with moderate to strong 
evidence, higher intake of red and processed meats was 
identified as detrimental compared to lower intake. 
Higher consumption of sugar-sweetened foods and 
beverages as well as refined grains was identified as 
detrimental in almost all conclusion statements with 
moderate to strong evidence. 

Regarding alcohol, the Committee confirmed several 
conclusions of the 2010 DGAC, including that 
moderate alcohol intake can be a component of a 
healthy dietary pattern, and that if alcohol is consumed, 
it should be consumed in moderation and only by 
adults. However, it is not recommended that anyone 
begin drinking or drink more frequently on the basis of 
potential health benefits, because moderate alcohol 
intake also is associated with increased risk of violence, 
drowning, and injuries from falls and motor vehicle 
crashes. Women should be aware of a moderately 
increased risk of breast cancer even with moderate 
alcohol intake. In addition, there are many 
circumstances in which people should not drink 
alcohol, including during pregnancy. Because of the 
substantial evidence clearly demonstrating the health 
benefits of breastfeeding, occasionally consuming an 
alcoholic drink does not warrant stopping 
breastfeeding. However, women who are breastfeeding 
should be very cautious about drinking alcohol, if they 
choose to drink at all.  

1 As lean meats were not consistently defined or handled 
similarly between studies, they were not identified as a 
common characteristic across the reviews. However, as 
demonstrated in the food pattern modeling of the Healthy 
U.S.-style and Healthy Mediterranean-style patterns, lean 
meats can be a part of a healthy dietary pattern. 

Following a dietary pattern associated with reduced 
risk of CVD, overweight, and obesity also will have 
positive health benefits beyond these categories of 
health outcomes. Thus, the U.S. population should be 
encouraged and guided to consume dietary patterns that 
are rich in vegetables, fruit, whole grains, seafood, 
legumes, and nuts; moderate in low- and non-fat dairy 
products and alcohol (among adults); lower in red and 
processed meat; and low in sugar-sweetened foods and 
beverages and refined grains. These dietary patterns 
can be achieved in many ways and should be tailored to 
WKH�LQGLYLGXDO¶V�ELRORJLFDO�and medical needs as well as 
socio-cultural preferences. 

The dietary pattern characteristics being recommended 
by the 2015 DGAC reaffirm the dietary pattern 
characteristics recommended by the 2010 DGAC. 
Additionally, these characteristics align with 
recommendations from other groups, including the 
American Institute for Cancer Research (AICR) and the 
American Heart Association (AHA). The majority of 
evidence considered by the Committee focused on 
dietary patterns consumed in adulthood. Very little 
evidence examined dietary patterns during childhood. 
However, the healthy dietary pattern components 
described above also apply to children and are 
reaffirmed with the USDA Food Patterns, which are 
designed to meet nutrient needs across the lifespan. 

,QGLYLGXDO�'LHW�DQG�3K\VLFDO�$FWLYLW\�%HKDYLRU� 
&KDQJH� 

The individual is at the innermost core of the social-
ecological model. In order for policy recommendations 
such as the Dietary Guidelines for Americans to be 
fully implemented, motivating and facilitating 
behavioral change at the individual level is required. 
This chapter suggests a number of promising behavior 
change strategies that can be used to favorably affect a 
range of health-related outcomes and to enhance the 
effectiveness of interventions. These include reducing 
screen time, reducing the frequency of eating out at fast 
food restaurants, increasing frequency of family shared 
meals, and self-monitoring of diet and body weight as 
well as effective food labeling to target healthy food 
choices. These strategies complement comprehensive 
lifestyle interventions and nutrition counseling by 
qualified nutrition professionals. 

For this approach to work, it will be essential that the 
food environments in communities available to the U.S. 
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population, particularly to low-income individuals, 
facilitate access to healthy and affordable food choices 
that respect their cultural preferences. Similarly, food 
and calorie label education should be designed to be 
understood by audiences with low health literacy, some 
of which may have additional English language fluency 
limitations. Although viable approaches are available 
now, additional research is necessary to improve the 
scientific foundation for more effective guidelines on 
individual-level behavior change for all individuals 
living in the United States, taking into account the 
social, economic, and cultural environments in which 
they live. 

The evidence reviewed in this chapter also indicates 
that the social, economic, and cultural context in which 
individuals live may facilitate or hinder their ability to 
choose and consume dietary patterns that are consistent 
with the Dietary Guidelines. Specifically, household 
food insecurity hinders the access to healthy diets for 
millions of Americans. In addition, immigrants are at 
high risk of losing the healthier dietary patterns 
characteristic of their cultural background as they 
acculturate into mainstream America. Furthermore, 
preventive nutrition services that take into account the 
social determinants of health are largely unavailable in 
the U.S. health system to systematically address 
nutrition-related health problems, including overweight 
and obesity, cardiovascular disease, type 2 diabetes, 
and other health outcomes.  

This chapter calls for: a) stronger Federal policies to 
help prevent household food insecurity and to help 
families to cope with food insecurity if it develops, b) 
food and nutrition assistance programs to take into 
account the risk that immigrants have of giving up their 
healthier dietary habits soon after arriving in the United 
States, and c) efforts to provide all individuals living in 
the United States with the environments, knowledge, 
and tools needed to implement effective individual- or 
family-level behavioral change strategies to improve 
the quality of their diets and reduce sedentary 
behaviors. These goals will require changes at all levels 
of the social-ecological model through coordinated 
efforts among health care and social and food systems 
from the national to the local level. 

)RRG�(QYLURQPHQW�DQG�6HWWLQJV� 

Environmental and policy approaches are needed to 
complement individual-based efforts to improve diet 

and reduce obesity and other diet-related chronic 
diseases. These approaches have the potential for broad 
and sustained impact at the population level because 
they can become incorporated into organizational 
structures and systems and lead to alterations in 
sociocultural and societal norms. Both policy and 
environmental changes also can help reduce disparities 
by improving access to and availability of healthy food 
in underserved neighborhoods and communities. 
Federal nutrition assistance programs, in particular, 
play a vital role in achieving this objective through 
access to affordable foods that help millions of 
Americans meet Dietary Guidelines recommendations.  

The DGAC focused on physical environments 
(settings) in which food is available. Its aim was to 
better understand the impact of the food environment to 
promote or hinder healthy eating in these settings and 
to identify the most effective evidence-based diet-
related approaches and policies to improve diet and 
weight status. The DGAC focused on four settings² 
community food access, child care, schools, and 
worksites²and their relationships to dietary intake and 
quality and weight status.  

The DGAC found moderate and promising evidence 
that multi-component obesity prevention approaches 
implemented in child care settings, schools, and 
worksites improve weight-related outcomes; strong to 
moderate evidence that school and worksite policies are 
associated with improved dietary intake; and moderate 
evidence that multi-component school-based and 
worksite approaches increase vegetable and fruit 
consumption. For the questions on community food 
access addressing the relationship between food retail 
settings and dietary intake and quality and weight 
status, the evidence was too limited or insufficient to 
assign grades. To reduce the disparity gaps that 
currently exist in low resource and underserved 
communities, more solution-oriented strategies need to 
be implemented and evaluated on ways to increase 
access to and procurement of healthy affordable foods 
and beverages, and also to reduce access to energy-
dense, nutrient-poor foods and beverages. Although 
several innovative approaches are taking place now 
throughout the country, they generally lack adequate 
evaluation efforts. 

7KH�&RPPLWWHH¶V�findings revealed the power of multi­
component approaches over single component 
interventions. For obesity prevention, effective multi­
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component interventions incorporated both nutrition 
and physical activity using a variety of strategies, such 
as environmental policies to improve the availability 
and provision of healthy foods and beverages; 
increasing opportunities for physical activity; increased 
parent engagement (in child care and school settings); 
and educational approaches, such as a school nutrition 
curriculum. For multi-component dietary interventions 
(e.g., to increase consumption of vegetables and fruit) 
the most effective strategies included nutrition 
education, parent engagement (in school and child care 
settings), and environmental modifications (e.g., 
policies for nutrition standards, food service changes, 
point of purchase information). 

Collaborative partnerships and strategic efforts are 
needed to translate this evidence into action. Further 
work on restructuring the environment to facilitate 
healthy eating and physical activity, especially in high 
risk populations, is needed to advance evidence-based 
solutions that can be scaled up.  

)RRG�6XVWDLQDELOLW\�DQG�6DIHW\� 

Access to sufficient, nutritious, and safe food is an 
essential element of food security for the U.S. 
population. A sustainable diet ensures this access for 
both the current population and future generations. 

The major findings regarding sustainable diets were 
that a diet higher in plant-based foods, such as 
vegetables, fruits, whole grains, legumes, nuts, and 
seeds, and lower in calories and animal-based foods is 
more health promoting and is associated with less 
environmental impact than is the current U.S. diet. This 
pattern of eating can be achieved through a variety of 
dietary patterns, including the Healthy U.S.-style 
Pattern, the Healthy Mediterranean-style Pattern, and 
the Healthy Vegetarian Pattern. All of these dietary 
patterns are aligned with lower environmental impacts 
and provide options that can be adopted by the U.S. 
population. Current evidence shows that the average 
U.S. diet has a larger environmental impact in terms of 
increased greenhouse gas emissions, land use, water 
use, and energy use, compared to the above dietary 
patterns. This is because the current U.S. population 
intake of animal-based foods is higher and plant-based 
foods are lower, than proposed in these three dietary 
patterns. Of note is that no food groups need to be 
eliminated completely to improve sustainability 
outcomes over the current status. 

A moderate amount of seafood is an important 
component of two of three of these dietary patterns, and 
has demonstrated health benefits. The seafood industry 
is in the midst of rapid expansion to meet worldwide 
demand. The collapse of some fisheries due to 
overfishing in the past decades has raised concern 
about the ability to produce a safe and affordable 
supply. In addition, concern has been raised about the 
safety and nutrient content of farm-raised versus wild-
caught seafood. To supply enough seafood to support 
meeting dietary recommendations, both farm-raised 
and wild caught seafood will be needed. The review of 
the evidence demonstrated, in the species evaluated, 
that farm-raised seafood has as much or more EPA and 
DHA per serving as wild caught. It should be noted that 
low-trophic seafood, such as catfish and crawfish, 
regardless of whether wild caught or farm-raised 
seafood, have less EPA and DHA per serving than 
high-trophic seafood, such as salmon and trout. 

Regarding contaminants, for the majority of wild 
caught and farmed species, neither the risks of mercury 
nor organic pollutants outweigh the health benefits of 
seafood consumption. Consistent evidence 
demonstrated that wild caught fisheries that have been 
managed sustainably have remained stable over the 
past several decades; however, wild caught fisheries are 
fully exploited and their continuing productivity will 
require careful management nationally and 
internationally to avoid long-term collapse. Expanded 
supply of seafood nationally and internationally will 
depend upon the increase of farm-raised seafood 
worldwide.  

The impact of food production, processing, and 
consumption on environmental sustainability is an area 
of research that is rapidly evolving. As further research 
is conducted and best practices are evaluated, 
additional evidence will inform both supply-side 
participants and consumers on how best to shift 
behaviors locally, nationally, and globally to support 
sustainable diets. Linking health, dietary guidance, and 
the environment will promote human health and the 
sustainability of natural resources and ensure current 
and long-term food security.  

In regard to food safety, updated and previously 
unexamined areas of food safety were studied. 
Currently, strong evidence shows that consumption of 
coffee within the moderate range (3 to 5 cups per day 
or up to 400 mg/d caffeine) is not associated with 
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increased long-term health risks among healthy 
individuals. In fact, consistent evidence indicates that 
coffee consumption is associated with reduced risk of 
type 2 diabetes and cardiovascular disease in adults. 
Moreover, moderate evidence shows a protective 
association between caffeine intake and risk of 
3DUNLQVRQ¶V�GLVHDVH��7KHUHIRUH��PRGHUDWH�FRIIHH�
consumption can be incorporated into a healthy dietary 
pattern, along with other healthful behaviors.  
However, it should be noted that coffee as it is 
normally consumed can contain added calories from 
cream, milk, and added sugars. Care should be taken to 
minimize the amount of calories from added sugars and 
high-fat dairy or dairy substitutes added to coffee. 

The marketing and availability of high-caffeine 
beverages and products is on the rise. Unfortunately, 
only limited evidence is currently available to ascertain 
the safety of high caffeine intake (greater than 400 
mg/d for adults and undetermined for children and 
adolescents) that may occur with rapid consumption of 
large-sized energy drinks. Limited data suggest adverse 
health outcomes, such as caffeine toxicity and 
cardiovascular events. Concern is heightened when 
caffeine is combined with alcoholic beverages. Limited 
or no consumption of high caffeine drinks, or other 
products with high amounts of caffeine, is advised for 
children and adolescents. Energy drinks with high 
levels of caffeine and alcoholic beverages should not be 
consumed together, either mixed together or consumed 
at the same sitting. 

The DGAC also examined the food additive aspartame. 
At the level that the U.S. population consumes 
aspartame, it appears to be safe. However, some 
uncertainty continues about increased risk of 
hematopoietic cancer in men, indicating a need for 
more research. 

Individual behaviors along with sound government 
policies and responsible private sector practices are all 
needed to reduce foodborne illnesses. To that end, the 
DGAC updated the established recommendations for 
handling foods at home. 

&URVV�FXWWLQJ�7RSLFV�RI�3XEOLF�+HDOWK� 
,PSRUWDQFH� 

The 2010 Dietary Guidelines included guidance on 
sodium, saturated fat, and added sugars, and the 2015 
DGAC determined that a reexamination of the evidence 

on these topics was necessary to determine whether 
revisions to the guidance were warranted. These topics 
were considered to be of public health importance 
because each has been associated with negative health 
outcomes when overconsumed. Additionally, the 
Committee acknowledged that a potential unintended 
consequence of a recommendation on added sugars 
might be that consumers and manufacturers replace 
added sugars with low-calorie sweeteners. As a result, 
the Committee also examined evidence on low-calorie 
sweeteners to inform statements on this topic. 

The DGAC encourages the consumption of healthy 
dietary patterns that are low in saturated fat, added 
sugars, and sodium. The goals for the general 
population are: less than 2300 milligrams of dietary 
sodium per day (or age-appropriate Dietary Reference 
Intake amount), less than 10 percent of total calories 
from saturated fat per day, and a maximum of 10 
percent of total calories from added sugars per day. 

Sodium, saturated fat, and added sugars are not 
intended to be reduced in isolation, but as a part of a 
healthy dietary pattern that is balanced, as appropriate, 
in calories. Rather than focusing purely on reduction, 
emphasis should also be placed on replacement and 
shifts in food intake and eating patterns. Sources of 
saturated fat should be replaced with unsaturated fat, 
particularly polyunsaturated fatty acids. Similarly, 
added sugars should be reduced in the diet and not 
replaced with low-calorie sweeteners, but rather with 
healthy options, such as water in place of sugar-
sweetened beverages. For sodium, emphasis should be 
placed on expanding industry efforts to reduce the 
sodium content of foods and helping consumers 
understand how to flavor unsalted foods with spices 
and herbs. 

Reducing sodium, saturated fat, and added sugars can 
be accomplished and is more attainable by eating a 
healthy dietary pattern. For all three of these 
components of the diet, policies and programs at local, 
state, and national levels in both the private and public 
sector are necessary to support reduction efforts. 
Similarly, the Committee supports efforts in labeling 
and other campaigns to increase consumer awareness 
and understanding of sodium, saturated fats, and added 
sugars in foods and beverages. The Committee 
encourages the food industry to continue reformulating 
and making changes to certain foods to improve their 
nutrition profile. Examples of such actions include 
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 lowering sodium and added sugars content, achieving 
better saturated fat to polyunsaturated fat ratio, and 
reducing portion sizes in retail settings (restaurants, 
food outlets, and public venues, such as professional 
sports stadiums and arenas). The Committee also 
encourages the food industry to market these improved 
products to consumers. 

3K\VLFDO�$FWLYLW\� 

This chapter provides strong evidence supporting the 
importance of regular physical activity for health 
promotion and disease prevention in the U.S. 
population. Physical activity is important for all 
people²children, adolescents, adults, older adults, 
women during pregnancy and the postpartum period, 
and individuals with disabilities. The findings further 
provide guidance on the dose of physical activity 
needed across the lifecycle to realize these significant 
health benefits.  

Future Physical Activity Guidelines Advisory 
Committees will be asked to carefully review the most 
recent evidence so that the Federal government can 
fully update the 2008 Physical Activity Guidelines for 
Americans. Given the exceedingly low physical activity 
participation rates in this country, it will be critically 
important for the next Committee to identify proven 
strategies and approaches to increase population-level 
physical activity across the lifespan. 

,17(*5$7,1*�7+(�(9,'(1&(� 

The research base reviewed by the 2015 DGAC 
provides clear evidence that persistent, prevalent, 
preventable health problems, notably overweight and 
obesity, cardiovascular disease, type 2 diabetes, and 
certain cancers, have adversely affected the health of 
the U.S. public for decades and raise the urgency for 
immediate attention and bold action. Evidence points to 
specific areas of current food and nutrient concerns and 
it pinpoints the characteristics of healthy dietary and 
physical activity patterns that can reduce chronic 
disease risk, promote healthy weight status, and foster 
good health across the lifespan. In addition, research 
evidence is converging to show that healthy dietary 
patterns also are more sustainable and associated with 
more favorable health as well as environmental 
outcomes. 

EIIHFWLYH�PRGHOV�RI�³ZKDW�ZRUNV´�WR�SURPRWH�OLIHVW\OH� 
behavior change exist. While they can be improved, 
especially in terms of our capacity for scaling-up in 
community and health care settings, the evidence to 
date can be used to guide programs and services for 
individuals and families. They also can be used to 
assist the public and private sectors and communities in 
facilitating innovative environmental change to 
promote the population¶V health.  

It will take concerted, bold actions on the part of 
individuals, families, communities, industry, and 
government to achieve and maintain the healthy diet 
patterns and the levels of physical activity needed to 
promote the health of the U.S. population. These 
actions will require a paradigm shift to an environment 
in which population health is a national priority and 
where individuals and organizations, private business, 
and communities work together to achieve a 
population-ZLGH�³culture RI�KHDOWK´�LQ�ZKLch healthy 
lifestyle choices are easy, accessible, affordable, and 
normative²both at home and away from home. In 
such a culture, health care and public health 
professionals also would embrace a new leadership role 
in prevention, convey the importance of lifestyle 
behavior change to their patients/clients, set standards 
for prevention in their own facilities, and help 
patients/clients in accessing evidence-based and 
effective nutrition and comprehensive lifestyle services 
and programs. 
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Part B. Chapter 1: Introduction 
 

The Dietary Guidelines for Americans were first 
released in 1980, and since that time they have 
provided science-based advice on promoting health and 
reducing risk of major chronic diseases through a 
healthy* diet and regular physical activity. Early 
editions of the Dietary Guidelines focused specifically 
on healthy members of the public, but more recent 
editions also have included those who are at increased 
risk of chronic disease. Future editions will continue to 
evolve to address public health concerns and the 
nutrition needs of specific populations. For example, 
the Dietary Guidelines have traditionally targeted the 
general public older than age 2 years, but as data 
continue to accumulate regarding the importance of 
dietary intake during gestation and from birth on, a 
Federal initiative has been established to develop 
comprehensive guidance for infants and toddlers from 
birth to 24 months and women who are pregnant. By 
2020, the Dietary Guidelines for Americans will 
include these important populations comprehensively.  

By law (Public Law 101-445, Title III, 7 U.S.C. 5301 
et seq.) the Dietary Guidelines for Americans is 
published by the Federal government every 5 years. To 
meet this requirement, since the 1985 edition, the 
Departments have jointly appointed a Dietary 
Guidelines Advisory Committee of nationally 
recognized experts in the field of nutrition and health to 
review the scientific and medical knowledge current at 
the time. The 2015 Dietary Guidelines Advisory 
Committee (DGAC) was established for the single, 
time-limited task of reviewing the 2010 edition of 
Dietary Guidelines for Americans and developing 
nutrition and related health recommendations to the 
Federal government for its subsequent development of 
the 2015 edition. This report presents these 
recommendations to the Secretaries of Health and 
Human Services and of Agriculture for use in updating 
the Guidelines. 

* Throughout this report, the term "healthy" is used to 
represent the concept of "health-promoting" as well as 
to refer to foods or dietary patterns that are consistent 
with the Dietary Guidelines. See the Glossary for a 
definition of "health." 

The 2015 DGAC recognizes the importance and key 
function of the Guidelines in forming the basis of 
Federal nutrition policy and programs. The Guidelines 
also provides a critical framework for local, state, and 
national health promotion and disease prevention 
initiatives. In addition, it provides evidence-based 
nutrition and physical activity strategies for use by 
individuals and those who serve them in public and 
private settings, including public health and social 
service agencies, health care and educational 
institutions, and business. The food industry and 
retailers as well, can use the Guidelines to develop 
healthy food and beverage products and offerings for 
consumers.  

The potential for the Guidelines to inform policy and 
practice is critical, given the significant nutrition-
related health issues facing the U.S. population: 

x	 Overweight, obesity, and other diet-related 
chronic diseases (particularly cardiovascular 
diseases, type 2 diabetes, and certain cancers), 
as well as less common but important health 
outcomes, such as bone health, for which 
nutrition plays an important role. These 
conditions are prevalent across the entire U.S. 
population, but are more pronounced in low-
income populations, creating critical health 
disparities that must be addressed. 

x	 Less than optimal dietary patterns in the 
United States, which contribute directly to 
poor population health and high chronic 
disease risk. On average, current dietary 
patterns are too low in vegetables, fruit, whole 
grains, and low-fat dairy, and too high in 
refined grains, saturated fat, added sugars, and 
sodium.    

x	 Food insecurity, a condition in which the 
availability of nutritionally adequate foods, or 
the ability to acquire acceptable foods in 
socially acceptable ways, is limited or 
uncertain. More than 49 million people in the 
United States, including nearly 9 million 
children, live in food insecure households. 

The economic and social costs of obesity and other 
diet- and physical activity-related chronic disease 
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conditions are enormous and will continue to escalate if 
current trends are not reversed. Therefore, improving 
diet and physical activity in the population and 
addressing food insecurity and health disparities have 
great potential to not only reduce the burden of chronic 
disease morbidity and mortality, but also to reduce 
health care costs. 

The DGAC recognized that a dynamic interplay exists 
DPRQJ�LQGLYLGXDOV¶ nutrition, physical activity, and 
other health-related lifestyle behaviors and their 
environmental and social contexts. Acknowledging 
this, the DGAC created a conceptual model based in 
part on the socio-ecological model to serve as an 
organizing framework for its report (Figure B1.1). 

� 

The figure shows how these personal, social, 
organizational, and environmental contexts and 
systems interact powerfully to influence LQGLYLGXDOV¶�
diet and physical activity behaviors and patterns and 
how diverse health outcomes result from this dynamic 
interplay. An accompanying table expands on the 
figure by listing specific factors that comprise each of 
WKH�³'HWHUPLQDQWV´�DQG�³2XWFRPHV´�FLUFOHV� The table 
distinguishes those factors that are addressed in the 
DGAC report from related factors that are important 
but beyond the scope of the report (see Table B1.1 at 
the end of this chapter). 
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Figure B1.1. Diet and Physical Activity, Health Promotion and Disease Prevention at Individual and Population 
Levels across the Lifespan. 
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Drawing from this conceptual model, the 2015 DGAC 
reviewed an extensive and diverse body of scientific 
literature to address many research questions. For each 
of its questions, the Committee used a rigorous, 
evidence-based process to develop its findings. Some 
of the resulting evidence was strong to moderate, and 
some was found to be evolving and more limited. This 
graded evidence was used to draw scientific conclusion 
and implication statements and to make 
recommendations that can be used by HHS and USDA 
in formulating the Dietary Guidelines for Americans 
policy document. 

The DGAC used the findings from its evidence reviews 
to develop a series of chapters that build on and 
complement each other: 

x	 Chapter 1 examines current status and trends in 
food consumption, nutrient intakes, and eating 
behaviors and rates and patterns of major nutrition-
related health problems. It identifies the nutrients 
of public health concern and characterizes several 
dietary patterns that are consistent with those 
associated with positive health outcomes. 

x	 Chapter 2 considers relationships between dietary 
patterns and health outcomes and identifies a 
number of commonalities across patterns, 
particularly food groups, associated with positive 
health outcomes. It examines these relationships for 
major chronic diseases (cardiovascular diseases, 
type 2 diabetes, overweight and obesity, and certain 
cancers), and also evaluates several less common, 
but important, outcomes (bone health, neurological 
and psychological illnesses, congenital anomalies). 
Where possible, evidence on the impact of dietary 
or comprehensive lifestyle interventions (including 
diet, physical activity, and behavioral strategies) in 
reducing chronic disease risk outcomes is 
summarized and can be used to inform health 
promotion and disease prevention strategies at 
individual and population levels. 

x	 Chapter 3 reviews characteristics associated with 
individual dietary and lifestyle behaviors, such as 
meal patterns at home and away from home, 
acculturation, household food insecurity, and 
sedentary behaviors. It also assesses methods that 
are effective in helping individuals improve their 
diet and physical activity behaviors and in 
enhancing behavioral interventions. 

� 

x	 Chapter 4 assesses the roles of food environments 
and settings in promoting or hindering healthy 
eating behaviors of specific population groups 
(such as pre-school and school-age children and 
adults in the workplace) and evaluates evidence on 
effective methods and best practices to promote 
population behavior change in communities as well 
as public and private settings to influence and 
improve health. 

x	 Chapter 5 focuses on secure and sustainable diets 
by examining how dietary guidance and food 
intake influence our capacity to meet the nutrition 
needs of the U.S. population now and in the future. 
The chapter also examines issues related to food 
safety behaviors in the home environment and 
evaluates new topics of food safety concern, 
including the safety of coffee/caffeine and 
aspartame.  

x	 Chapter 6 considers topics of continuing public 
health importance that are relevant for topics across 
Chapters 1 through 5 and, are therefore addressed 
together in this chapter² sodium, saturated fat, 
added sugars, and low-calorie sweeteners.  

x	 Chapter 7 discusses the important role that 
physical activity plays in promoting health. 

)520�7+(������'*$&�$'9,625<�
5(3257�72�7+(�',(7$5<�*8,'(/,1(6�
)25�$0(5,&$16�� 

A major goal of the 2015 DGAC is to summarize and 
synthesize the evidence to support USDA and HHS in 
developing nutrition recommendations that reduce the 
risk of chronic disease while meeting nutrient 
requirements and promoting health of the U.S. 
population ages 2 years and older. 

The U.S. Government uses the Dietary Guidelines as 
the basis of its food assistance programs, nutrition 
education efforts, and decisions about national health 
objectives. For example, the National School Lunch 
Program and the Elder Nutrition Program incorporate 
the Dietary Guidelines in menu planning; the Special 
Supplemental Nutrition Program for Women, Infants, 
and Children (WIC) applies the Dietary Guidelines in 
its educational materials; and the Healthy People 2020
objectives for the Nation include objectives based on 
the Dietary Guidelines. 
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The evidence described here in the 2015 DGAC 
Report, which will be used to develop the 2015 Dietary 
Guidelines for Americans, will help policymakers, 
educators, clinicians, and others speak with one voice 
on nutrition and health and reduce the confusion caused 
by mixed messages in the media. The DGAC hopes 
that the 2015 Dietary Guidelines for Americans will 
encourage the food industry and retailers to grow, 
manufacture, and sell foods that promote health and 
contribute to appropriate energy balance. 

In reviewing the evidence on effective interventions 
and best practices at individual and population levels, 
the 2015 DGAC hopes that the 2015 Dietary 
Guidelines for Americans will also lead to the bold 
actions needed to transform our health care and public 
health systems, communities, and businesses. A 
concerted and collaborative focus on prevention is 
needed and the report provides a foundation of research 
evidence to help create a national ³culture of health´ 
where healthy lifestyles are easier to achieve and 
normative. Finally, the 2015 DGAC desires that its 
evidence on healthy dietary patterns, which have been 
found to be important in reducing disease risk and in 
promoting food security and sustainability in the near-
and long-term, will lead to changes in individual eating 
behaviors and to systems-wide changes that can help to 
secure a healthy future for the U.S. population. 

$�*8,'(�72�7+(������'*$&�5(3257� 

This Report contains several major sections. Part A 
provides an Executive Summary to the Report. Part B 
sets the stage for the Report through this Introduction. 
A second chapter in this section provides an integration 
of major findings as well as specific recommendations 
IRU�KRZ�WKH�5HSRUW¶V�HYLGHQFH-based dietary 
recommendations can be put into action at the 
individual, community, and population levels. 

Part C describes the methodology the DGAC used to 
conduct its work and review the evidence on diet and 
health. Part D is the Science Base and contains the 
chapters described above. 

The Report concludes with a number of Appendices, 
including a compilation RI�WKH�&RPPLWWHH¶V�research 
recommendations; several appendices describing 
sources of evidence the Committee used in its reviews; 
a glossary; a brief history of the Dietary Guidelines for 

Americans; a summary of the process used to collect 
public comments; biographical sketches of DGAC 
members; a list of DGAC Working Group, 
Subcommittee, and Working/Writing Group members; 
and Acknowledgments. 
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Table B1.1. Components of the Conceptual Model. 

Influences/Determinants 
Factors Addressed in the DGAC report Other factors not addressed in 

the DGAC report 
Individual & Biological Factors 
(Represented in the model by characteristics of individuals and their physical makeup that influence lifestyle behaviors) 
Biological factors	 

Nutrition, physical 
activity, and health-
related factors 

Psychological factors 

Demographics	 

physical and cognitive function; clinical 
health and nutritional status profile; weight 
status 

food label use; dietary or physical activity 
self-monitoring; personal lifestyle profile 
characteristics including diet, physical 
activity, and lifestyle behaviors and practices	 

mental health	 

age, gender, race/ethnicity, acculturation, 
income, geography/region, urban/rural 
location of residence 

appetite, taste and smell acuity; hunger; 
physical, mental, and emotional well­
being; digestion and metabolism; 
microbiome composition; genetic profile; 
prescribed medication use; drug-nutrient 
interactions 
early diet experiences; perception of food 
safety and food security; access to 
nutrition and preventative health 
counseling; experiences with personal 
lifestyle behavior change 
self/body image; food, nutrition, and 
health attitudes, beliefs, and preferences; 
motivation and intentions; self-efficacy; 
coping skills; mood; stress 
education, household composition and 
culture, religion, profession/occupation 
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beliefs, norms, values, expectations, 
and information sharing 
values and investments that support 

Family/household/home 	 parenting and lifestyle behavioral modeling; living situation, composition, 
food and beverage availability; cooking and person(s) responsible for food 
storage facilities; family and shared meals; purchases/preparation; home food 
physical activity resources environment 

Social/cultural/religious/pe engagement and participation in lifestyle and 
er networks health-related programs and initiatives 
Society and culture 

healthy communities and reduce 
health disparities; stewardship of 
natural resources and healthy 
environments 

Table B1.1. Components of the Conceptual Model continued. 

Household, Social & Cultural Factors 
(Represented in the model by structure, resources, values and norms that influence lifestyle behaviors) 
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gas emissions, pollution/contamination 

Table B1.1. Components of the Conceptual Model continued. 

Community & Environmental Factors 
(Represented in the model by physical and structural characteristics and facilities that provide access to and affect 

2015 D
ietary G

uidelines A
dvisory C

om
m

ittee R
eport 

the quality of resources that influence lifestyle behaviors)
 
Food and physical activity 

Community 

Business/Workplace 

Health care and public 
health 

Physical/built/natural 
environment 

Ecosystems (national to 
global) 

types of available retail food outlets, 
rHVWDXUDQWV��IRRG�EDQNV��DQG�IDUPHUV¶�
markets; safety, quality and sustainability 
of available food supplies; patterns of 
food waste 
neighborhood food access; child care, 
schools, and worksites 

corporate/worksite wellness policies and 
programs, nutrition, exercise and health 
services, programs and resources 
providers and programs that emphasize 
lifestyle behavior change, health 
promotion and disease prevention; 
accessibility of clinical preventive 
services including nutrition counseling 

the natural environment, including 
farmland; plant, animal, marine, land, 
and water ecosystems; renewable energy 
resources; land/water/air and soil 
environments and quality; plant 
conservation, biodiversity; greenhouse 

recreational facilities and resources 

composition, structure and conditions; 
social capital and networks; trust and 
power; disparities and inequities in food 
security, health, healthcare access, after 
school programs 
employee benefits programs 

health insurance benefits and access 
including preventative lifestyle services; 
food and nutrition assistance policies and 
programming; public and private 
healthcare networks and infrastructure 
green spaces, parks, and recreational 
resources: availability and access; land use 
and transportation; abandoned 
buildings/spaces; soil contamination; 
chemical, fertilizer, antibiotic and 
pesticide use 
plant and natural resources management 
and conservation; carbon footprint; global 
climate change 

� 
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Consumer		 acquisition, consumption, and 
demand; use, experience and 
satisfaction 

Retail and service 	 products, programs, markets; 
organization and management 

Food, beverage, and usual and high levels of caffeine intake; 	 farming; import/export; production, 
agriculture aspartame	 	 processing, storage, distribution, 

delivery; supply/markets; food and 
beverage quality and safety; food 
technology and product 
formulation; advertising; food 
marketing 

Economy income	 	 employment; inflation and 
recession; social, political and 
human capital; productivity; prices 
of food 

Other technology: mobile health (mHealth)	 	 research and technology; emerging 
trends; entertainment; advertising 
and marketing; leisure and 
recreation; media and social media; 
globalization of trade 

Table B1.1. Components of the Conceptual Model continued. 

Systems & Sectors 
(Represented in the model by spheres of influence on food availability and diet and physical activity behavior) 
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Table B1.1. Components of the Conceptual Model continued. 

Public & Private Sector Policies 
(Represented in the model by policies, regulations and laws that influence the availability and quality of products, 
 
resources, programs and services that influence diet and physical activity behaviors)
 
Government federal, state and local food and nutrition policies, laws and regulations that
 

assistance programs and/or initiatives that affect agriculture, food safety and food 
promote physical activity/movement (e.g. assistance; educational institutions; 
NSLP, SBP, elder nutrition); city and town employers and worksites; healthcare 
policies (e.g. taxation, bans, food assistance, systems and health insurance 
price incentives); food and beverage labels 

Business/Workplace workplace policies on nutrition and physical employee health benefits (including 
activity programs, services and resources health insurance) and incentives 

Education and social policies, laws and regulations that affect food 
services across the lifespan and beverage availability including 

competitive foods; nutrition and physical 
activity programs and services (e.g. in 
childcare, school, elder care and community 
settings); food, nutrition, and physical 
activity services in federal, state and local 
food assistance settings 
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The central portion of the Conceptual Model 
represents the concept that the combination of a 
healthy diet and regular physical activity behaviors 
and patterns is central to promoting overall health 
and preventing many chronic diseases. 
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Table B1.1. Components of the Conceptual Model continued. 

Healthy Nutritional Status 
(Represented in the model by the knowledge, behaviors, environmental factors and measures that characterize healthy 
nutritional status) 

Dietary patterns	 	 habitual food and nutrient consumption; 
overall dietary quality and variety 

Food, beverage and 	 foods/food groups, beverages (including 
nutrition intake	 	 alcohol), and macro and micronutrients, 

nutrients of concern and public health 
significance 

Dietary product and dietary product and nutrient supplement use nutraceutical use 
nutrient supplement use 

Food and nutrition food preparation, cooking and nutrition 
knowledge, attitudes and knowledge, attitudes and skills 
skills 

Food security and safety	 	 selection, storage, handling, and preparation 
of foods and beverages 

Risk factors and clinical 	 iron and protein status, vitamin D and folate urinary sodium, urinary contaminants; 
indicators 	 levels, Vitamin B12 status, hemoglobin A1c; protein/calorie malnutrition; 

metabolic syndrome (blood lipids and micronutrient status 
glucose, blood pressure); bone density 
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Table B1.1. Components of the Conceptual Model continued. 

Chronic Disease Prevention 
(Represented in the model by health outcomes influenced by diet and physical activity behaviors) 

Health outcomes 	 	 cardiovascular diseases (coronary heart 
 
disease, heart attack, hypertension and 
 
stroke);
 
Type 2 diabetes; diet-related cancers (breast, 
 
colorectal, prostate, lung);
 
neurological and psychological conditions 
 
(including cognitive function, dementia,
 
$O]KHLPHU¶V�'LVHDVH�DQG�GHSUHVVLRQ���GHQWDO�
caries; congenital anomalies; fractures and 
osteoporosis; total mortality 

Health Promotion 
(Represented in the model by diet and physical activity behaviors that promote good health through the lifespan) 

Health outcomes 	 	 pregnancy course and outcomes; child and fertility; healthy aging 
 
adolescent growth and development 
 
milestones; peri- and post-menopause status; 
 
musculoskeletal and bone health; mental
 
health; gastrointestinal health 
 

Footnote: The DGAC acknowledges that other lifestyle factors were not addressed in its report but are important in overall health, including 
tobacco status and use, stress and its management, medical treatment and management, medication use, and addiction. 

� 
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3DUW�%��&KDSWHU���������'*$&�7KHPHV�DQG� 
5HFRPPHQGDWLRQV��,QWHJUDWLQJ�WKH� 
(YLGHQFH� 
The 2015 DGAC set out to examine a broad set of 
research questions in its effort to develop sound 
recommendations to guide public policies aimed at 
promoting individual and population health. As these 
efforts moved forward, it became clear that a number of 
important, overarching themes were emerging and that 
these areas provided a solid base of evidence for the 
&RPPLWWHH¶V�UHFRPPHQGDWLRQV��,Q�WKLV�FKDSWHU��ZH�
summarize these themes and put forth our overall 
recommendations to the Secretaries of Health and 
Human Services and Agriculture. 

'*$&������29(5$5&+,1*�7+(0(6� 

x	 The Problem. About half of all American adults² 
117 million individuals²have one or more 
preventable, chronic diseases that are related to 
poor quality dietary patterns and physical 
inactivity, including cardiovascular disease, 
hypertension, type 2 diabetes and diet-related 
cancers.1 More than two-thirds of adults and nearly 
one-third of children and youth are overweight or 
obese, further exacerbating poor health profiles and 
increasing risks for chronic diseases and their co­
morbidities.2,3 High chronic disease rates and 
elevated population disease risk profiles have 
persisted for more than two decades and 
disproportionately affect low-income and 
underserved communities. These diseases focus the 
attention of the U.S. health care system on disease 
treatment rather than prevention; increase already 
strained health care costs; and reduce overall 
population health, quality of life, and national 
productivity. Other less common, but important, 
diet- and lifestyle-related health problems, 
including poor bone health and certain 
neuropsychological disorders and congenital 
anomalies, pose further serious concerns. 

x	 The Gap. The dietary patterns of the American 
public are suboptimal and are causally related to 
poor individual and population health and higher 
chronic disease rates. Few, if any, improvements in 

22 

FRQVXPHUV¶ food choices have been seen in recent 
decades. On average, the U.S. diet is low in 
vegetables, fruit, and whole grains, and high in 
sodium, calories, saturated fat, refined grains, and 
added sugars. Underconsumption of the essential 
nutrients vitamin D, calcium, and potassium, as 
well as fiber, are public health concerns for the 
majority of the U.S. population, and iron intake is 
of concern among adolescents and premenopausal 
females. Health disparities exist in population 
access to affordable healthy foods. Eating 
behaviors of individuals are shaped by complex but 
modifiable factors, including individual, personal, 
household, social/cultural, 
community/environmental, systems/sectorial and 
policy-level factors (see the 2015 DGAC 
conceptual model in Part B. Chapter 1: 
Introduction). However, a dynamic and rapidly 
evolving food environment epitomized by the 
abundance of highly processed, convenient, lower-
cost, energy-dense, nutrient-poor foods makes it 
particularly challenging to implement health 
promoting diet-related behavior changes at 
individual and population levels.  

x	 The Dietary Patterns. Current research provides 
evidence of moderate to strong links between 
healthy dietary patterns, lower risks of obesity and 
chronic diseases, particularly cardiovascular 
disease, hypertension, type 2 diabetes and certain 
cancers. Emerging evidence also suggests that 
relationships may exist between dietary patterns 
and some neurocognitive disorders and congenital 
anomalies. The overall body of evidence examined 
by the 2015 DGAC identifies that a healthy 
dietary pattern is higher in vegetables, fruits, 
whole grains, low- or non-fat dairy, seafood, 
legumes, and nuts; moderate in alcohol (among 
adults); lower in red and processed meats;i and 

i As lean meats were not consistently defined or handled 
similarly between studies, they were not identified as a 
common characteristic across the reviews. However, as 
demonstrated in the food pattern modeling of the Healthy 
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low in sugar-sweetened foods and drinks and 
refined grains. Additional strong evidence shows 
that it is not necessary to eliminate food groups or 
conform to a single dietary pattern to achieve 
healthy dietary patterns. Rather, individuals can 
combine foods in a variety of flexible ways to 
achieve healthy dietary patterns, and these 
strategies should be tailored to meet the 
LQGLYLGXDO¶V�KHDOWK�QHHGV��GLHWDU\�SUHIHUHQFHV�DQG�
cultural traditions. Current research also strongly 
demonstrates that regular physical activity 
promotes health and reduces chronic disease risk. 

x	 The Individual. Sound tools and resources, like 
the Dietary Guidelines for Americans and the 
Physical Activity Guidelines for Americans, can 
help individuals achieve healthy diet and physical 
activity patterns. Moderate to strong evidence also 
demonstrates that dietary interventions 
implemented by nutrition professionals and 
individual or small-group comprehensive lifestyle 
interventions that target diet and physical activity 
and are led by multidisciplinary professional teams 
provide optimal results in chronic disease risk 
reduction, weight loss, and weight loss 
maintenance. Additional evidence indicates that 
individuals can be helped in their intentions to 
implement healthy lifestyles by targeting specific 
eating and physical activity behaviors (e.g., meal 
patterns, cooking and preparation techniques, 
family/household meal experiences, reducing 
sedentary behaviors in adults and youth, reducing 
screen time in children). Sound behavioral 
interventions involve engaging individuals actively 
in the behavior change process, using traditional 
face-to-face or small group strategies and new 
technological approaches (websites and 
mobile/telephone technology), by providing 
intensive, long-term professional interventions as 
appropriate, and by monitoring and offering 
feedback on sustainable behavioral change and 
maintenance strategies over time.  

x	 The Population. Moderate to strong evidence 
shows that targeted environmental and policy 
changes and standards are effective in changing 
diet and physical activity behaviors and achieving 
positive health impact in children, adolescents, and 
adults. Research from early child care settings, 
schools, and worksites demonstrate that policy 

U.S.-style and Healthy Mediterranean-style patterns, lean 
meats can be a part of a healthy dietary pattern. 

changes, particularly when combined with multi­
faceted programs (e.g., nutrition educational 
initiatives, parent engagement, food labeling, 
nutrition standards, nutrition and behavioral 
intervention services) can increase healthy food 
choices and overall dietary quality, and improve 
weight outcomes. Population approaches that 
engage parents and families, as appropriate, 
involve collaborations across systems and sectors 
(e.g., schools, food retail, health care institutions 
and providers, and health insurers), and mobilize 
public-private partnerships to provide effective 
models for producing synergistic effects on diet, 
physical activity, and health-related outcomes.  

x	 The Long-term View. The 2015 DGAC also 
examined the near- and long-term sustainability of 
healthy dietary patterns as well as the safety of 
certain key dietary constituents (i.e., caffeine and 
aspartame). Quantitative modeling research showed 
how healthy dietary patterns relate to positive 
environmental outcomes that improve population 
food security. Moderate to strong evidence 
demonstrates that healthy dietary patterns that are 
higher in plant-based foods, such as vegetables, 
fruits, whole grains, legumes, nuts, and seeds, and 
lower in calories and animal-based foods are 
associated with more favorable environmental 
outcomes (lower greenhouse gas emissions and 
more favorable land, water, and energy use) than 
are current U.S. dietary patterns. Furthermore, 
sustainable dietary patterns can be achieved 
through a variety of approaches consistent with the 
Dietary Guidelines for Americans and, therefore, 
offer individuals many options and new 
opportunities to align with personal and population 
health and environmental values systems. Healthy, 
sustainable dietary patterns also may provide new 
themes for consumer education and communication 
on lifestyle practices that can promote food security 
now and for future generations and create a 
³culture of health´ at individual and population 
levels.  

In summary, the research base reviewed by the 2015 
DGAC provides clear and consistent evidence that 
persistent, prevalent, preventable health problems, 
notably overweight and obesity, cardiovascular 
diseases, diabetes, and certain cancers, have severely 
and adversely affected the health of the U.S. population 
across all stages of the lifespan for decades and raise 
the urgency for immediate attention and bold action. 
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Evidence points to specific areas of food and nutrient 
concern in the current U.S. diet. Moderate to strong 
evidence pinpoints the characteristics of healthy dietary 
and physical activity patterns established to reduce 
chronic disease risk, prevent and better manage 
overweight and obesity, and promote health and well­
being across the lifespan. 

Although behavior change is complex, moderate to 
strong evidence now points to effective strategies to 
promote healthy lifestyle behavior changes at 
individual and population levels. This overall research 
evidence base can be used to inform policy changes, 
multi-sectorial collaborations, as well as 
product/service reformulation as needed. It can be used 
with confidence to provide guidelines and standards for 
nutrition and lifestyle intervention services/programs in 
traditional health care and public health settings. It also 
provides frameworks for public and private sector 
initiatives and community programming to make 
innovative environmental changes that can change 
population diet and physical activity behaviors to 
promote population health. 

Overall, the evidence base on the links between diet, 
physical activity, and health has never been stronger or 
PRUH�FRPSHOOLQJ��7KH�VWUHQJWK�RI�HYLGHQFH�RQ�³ZKDW� 
ZRUNV´�WR�LPSURYH�LQGLYLGXDO�DQG�SRSXODWLRQ�OLIHVW\OH� 
behaviors for health also has never been more robust, 
ZLWK�VROXWLRQV�DQG�PRGHOV�RI�³EHVW�SUDFWLFHV�´� 
Furthermore, the increasing convergence of research 
evidence showing that healthy dietary patterns not only 
reduce disease risks and improve health outcomes but 
are associated with food security and sustainability 
provide a further, convincing rationale for focused 
attention on prevention and individual and population 
health promotion. Additional research must be 
conducted to strengthen this evidence base, and 
recommendations for such research are made in each of 
the chapters in Part D. Science Base (see Appendix E­
1: Needs for Future Research for a compilation of the 
'*$&¶V�UHVHDUFK�UHFRPPHQGDWLRQV�� 

'*$&������5(&200(1'$7,216�)25�
$&7,21� 

It will take concerted, bold action on the part of 
individuals, families, communities, industry, and 
government to achieve and maintain healthy dietary 

patterns and the levels of physical activity needed to 
promote a healthy U.S. population. 

This will entail dramatic paradigm shifts in which 
population health is a national priority and individuals, 
communities, and the public and private sectors seek 
together to achieve a population-ZLGH�³culture of 
KHDOWK´�WKURXJK�ZKLFK�KHDOWK\�OLIHVW\OH�FKRLFHV�DUH� 
easy, accessible, affordable and normative²both at 
home and away from home. In such a culture, 
preventing diet- and physical activity-related diseases 
and health problems would be much more highly 
valued, the resources and services needed to achieve 
and maintain health would become a realized human 
right across all population strata, the needs and 
preferences of the individual would be seriously 
considered, and individuals and their 
families/households would be actively engaged in 
promoting their personal health and managing their 
preventive health services and activities. Health care 
and public health professionals would embrace a new 
leadership role in prevention, convey the importance of 
lifestyle behavior change to their patients/clients, set 
model standards for prevention-oriented activities and 
client/employee services in their own facilities, and 
manage patient/client referrals to evidence-based 
nutrition and comprehensive lifestyle services and 
programs. Communities and relevant sectors of our 
economy, including food, agriculture, private business, 
health care (as well as insurance), public health and 
education, would seek common ground and 
collaborations in promoting population health. 
Initiatives would be incentivized to engage 
communities and health care systems to create 
integrated and comprehensive approaches to preventing 
chronic diseases and for weight management. 
Environmental changes, including policy changes, 
improved food and beverage standards, reformulation 
of products and services as needed, and programs that 
enhance population lifestyle behavior changes and 
support preventive services also would be incentivized. 

Although these propositions are extremely challenging, 
it is imperative to seek novel and creative, evidence-
based solutions. The costs of failing to do so are the 
continuation of the very high rates of preventable diet-
and physical activity-related health problems we 
confront as a Nation and the worsening of their serious 
adverse effects on our quality of life, population 
productivity, and already highly strained healthcare 
costs. The evidence base has never been stronger to 
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guide solutions. What is needed are strong x The 2015 DGAC advocates achieving healthy 
commitments and leadership, the development of dietary patterns through healthy food and beverage 
targeted public and private policies and partnerships, choices rather than with nutrient or dietary 
and the implementation of evidence-based, cross­ supplements except as needed.  
sectorial initiatives to achieve them. In the remainder of x Use available Dietary Guidelines for Americans 
this chapter, the DGAC summarizes specific tools and other sound resources to initiate positive 
recommendations guided by our conceptual model, personal lifestyle changes to improve dietary and 
which is grounded in the socio-ecological theory model physical activity behaviors, including goal setting 
of individual and population lifestyle behavior change and self-monitoring. 
for health promotion and disease prevention (see Part o As needed, seek regular advice from qualified 
B. Chapter 1: Introduction). 	 health care providers to establish a 

personalized plan for prevention that includes 
$FWLRQV�IRU�,QGLYLGXDOV�DQG� steps to adopt healthy dietary patterns and 
)DPLOLHV�+RXVHKROGV� physical activity. As appropriate, engage with 

nutrition and health professionals to address 
x	 Think prevention, know your lifestyle-related personal health risks that can be lowered with 

health risk profile, make personal goals and sound diet and physical activity, or participate 
commitments, and take action to promote personal in comprehensive lifestyle interventions 
and household/family health. Work with health conducted by trained interventionists 
professionals to assess and monitor your health (registered dietitians/nutritionists, exercise and 
risks and to personalize your preventive lifestyle behavioral specialists).  
behavior plan of action. o Achieve and maintain a healthy weight. Know 

x	 Know and understand how to modify your diet and your level of obesity risk. Know your energy 
physical activity to reduce personal and family needs and how they change with varying levels 
member health risks. Know your current dietary of physical activity. Take personal action for 
pattern, including your healthy choices that can be obesity prevention or weight loss management, 
maintained as well as areas for potential change. as needed, using sound, evidence-based tools 
Act on this information. Seek to make gradual and and resources. Seek to achieve a dietary pattern 
sustainable changes in your dietary behaviors to consistent with the Dietary Guidelines for 
achieve one of several sound healthy dietary Americans, recognizing that many evidence-
pattern options (e.g., Healthy U.S.-style Pattern, the based options can facilitate weight loss and 
Healthy Mediterranean-style Pattern, or the weight loss maintenance. As appropriate, work 
Healthy Vegetarian Pattern; see Part D. Chapter 1: with qualified nutrition professionals and 
Food and Nutrient Intakes, and Health: Current health providers to create a personalized plan 
Status and Trends). For most people, this will of action for obesity prevention. When needed, 
mean: engage in intensive, long-term nutrition 
o	 Improving food and menu choices, modifying counseling or comprehensive lifestyle 

recipes (including mixed dishes and intervention strategies to achieve maximal, 
sandwiches), and watching portion sizes. long-term weight loss and weight maintenance 

o	 Including more vegetables (without added salt results.  
or fat), fruits (without added sugars), whole o Ensure at home and in public settings, such as 
grains, seafood, nuts, legumes, low/non-fat schools and early child care programs, that 
dairy or dairy alternatives (without added young children achieve a high-quality dietary 
sugars). pattern and level of physical activity. 

o	 Reducing consumption of red and processed Encourage their active participation in food 
meat, refined grains, added sugars, sodium, and experiences and activity choices so that the 
saturated fat; substituting saturated fats with importance of dietary quality and physical 
polyunsaturated alternatives; and replacing activity are reinforced, and healthy lifestyle 
solid animal fats with non-tropical vegetable behaviors become normative, habitual, and 
oils and nuts. easier to maintain through adolescence and 

lifelong. 
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o	 Follow on a regular basis, the Physical Activity standards, and practices in retail, and public 
Guidelines for Americans. Engage in at least and private settings and programs that promote 
2.5 hours a week of moderate-intensity aerobic ³FXOWXUHV�RI�KHDOWK´�DQG�IDFLOLWDWH�WKH�LQLWLDWLRQ� 
physical activity, such as brisk walking, or 1.25 and maintenance of healthy lifestyle behaviors 
hours a week of vigorous-intensity aerobic at individual and community levels.  
physical activity. For weight control, at least 1 x Seek a paradigm shift in health care and public 
hour a day of moderate- to vigorous-intensity health toward a greater focus on prevention and 
physical activity may be required. Engage integration with food systems. 
children in at least 1 hour a day of moderate- to o Incentivize and support nutrition professionals, 
vigorous-intensity physical activity each day. health care providers, and other qualified 
Limit FKLOGUHQ¶V�VFUHHQ�WLPH�WR�QR�PRUH�WKDQ� professionals in their unique roles of 
two hours per day. Adults should limit encouraging and counseling patients and 
sedentary activity and replace it with aerobic clients to adopt healthy dietary and physical 
and strengthening exercises. As needed, engage activity habits and in offering evidence-based 
with qualified professionals in comprehensive nutrition services and comprehensive lifestyle 
lifestyle interventions to achieve maximal interventions. Integrate preventive lifestyle 
impact on healthy dietary and physical activity screening, referral, and interventions and 
patterns and health outcomes. Get enough services for weight management and chronic 
sleep! disease risk reduction into routine practice 

o	 Seek and demand the creation and maintenance guidelines and quality assurance standards.  
of food and physical activity environments and o Support health care facilities, such as hospitals 
resources in your community and in local and clinics, in seeking to model prevention and 
public, private and retail settings so as to DFKLHYLQJ�³FXOWXUHV�RI�KHDOWK´�E\�offering 
SURPRWH�D�³FXOWXUH�RI�KHDOWK�´�7KHVH�DUH� healthy food choices for patients, visitors, and 
strongly needed to facilitate the ease of staff; implementing preventive nutrition 
initiating and meeting the U.S. Dietary services and comprehensive lifestyle 
Guidelines recommendations at home and intervention programs; and making referrals to 
away from home. Federal and local food assistance programs as 

needed by their staff and clients.  
$FWLRQV�IRU�&RPPXQLWLHV�DQG�3RSXODWLRQV� o Require health insurance providers to use 

financial and other positive incentives to 
Aim to make healthy lifestyles and prevention a encourage and motivate health care settings 
national and local priority and reality. and businesses to support individuals in 
o	 Create public and private policy changes at the adopting healthy behaviors and engaging, as 

national level that direct and incentivize appropriate, in nutrition and exercise 
collaborations by multiple sectors of influence, counseling and comprehensive lifestyle 
including health care, public health, education, behavior interventions. 
food and agriculture, transportation, food retail, o Encourage and incentivize health care 
the media, non-governmental organizations, innovations and community prevention through 
and service sectors. Affordable Care Act (ACA) policies and 

o	 Incentivize the development of policies and programs, including expanding preventive 
initiatives at local, state, and Federal levels that lifestyle services in traditional health services 
are carried out using cross-sectorial environments and new retail health services 
collaborations to promote individual healthy environments that link to Federal and local 
lifestyle behavior changes and create food assistance programs. These should 
FRPPXQLW\�³FXOWXUHV�RI�KHDOWK�´�7KHVH�PD\� provide resources for individuals to engage and 
include improvements in built and physical sustain personal lifestyle behavior change. In 
environments to create safe and accessible addition, ACA programs and policies should 
resources and settings for increased physical increase access to qualified professionals and 
activity and more widely available healthy food programs and services that promote healthy 
choices. They may entail changes in policies, diet and physical activity behaviors. 
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o	 Incentivize businesses to establish employee 
health benefits plans that include access to 
resources and services that encourage personal 
health promotion and healthy lifestyle behavior 
changes. Support employers in using positive 
motivation strategies to realize these changes.  

Establish healthy food environments. 
o	 Establish local, state, and Federal policies to 

make healthy foods accessible and affordable 
and to limit access to high-calorie, nutrient-
poor foods and sugar-sweetened beverages in 
public buildings and facilities. Set nutrition 
standards for foods and beverages offered in 
public places. Improve retail food 
environments and make healthy foods 
accessible and affordable in underserved 
neighborhoods and communities. 

o	 Develop and expand programs that encourage 
healthy eating and physical activity habits in 
young children and adolescents within school 
and early care and other education settings. 
Establish and implement policies and programs 
that provide nutritious foods, limit sugar-
sweetened beverages and other unhealthy 
foods, incorporate nutrition curricula and 
experiences and physical activity opportunities, 
and increase provider and teacher skills to 
develop and promote these programs. 

o	 Implement the comprehensive school meal 
guidelines (National School Lunch Program) 
from the USDA that increase intakes of 
vegetables (without added salt), fruits (without 
added sugars), and whole grains; limit sodium, 
added sugars, saturated fat, and trans fat; limit 
marketing unhealthy foods to children; make 
drinking water freely available to students 
throughout the day; ensure competitive foods 
meet the national nutrition standards (e.g., 
Dietary Guidelines for Americans); and 
eliminate sugar-sweetened beverages. 

o	 Improve, standardize and implement Nutrition 
Facts labels and Front of Package labels to help 
consumers, including those with low literacy 
levels, make healthy food choices. The 
Nutrition Facts label should include added 
sugars (in grams and teaspoons) and include a 
percent daily value, to assist consumers in 
identifying the amount of added sugars in 
foods and beverages and making informed 
dietary decisions. Standardize and create easy­
to-understand front-of-package (FOP) labels on 

all food and beverage products to give clear 
JXLGDQFH�DERXW�D�IRRG¶V�KHDOWKIXOQHVV��$Q�
example is the FOP label recommended by the 
Institute of Medicine, which included calories, 
and 0 to 3 ³QXWULWLRQDO´�SRLQWV�IRU�DGGHG�VXJDUV�� 
saturated fat, and sodium. This would be 
integrated with the Nutrition Facts label, 
allowing consumers to quickly and easily 
identify nutrients of concern for 
overconsumption, in order to make healthy 
choices. 

o	 Align nutritional and agricultural policies with 
Dietary Guidelines recommendations and make 
broad policy changes to transform the food 
system so as to promote population health, 
including the use of economic and taxing 
policies to encourage the production and 
consumption of healthy foods and to reduce 
unhealthy foods. For example, earmark tax 
revenues from sugar-sweetened beverages, 
snack foods and desserts high in calories, 
added sugars, or sodium, and other less healthy 
foods for nutrition education initiatives and 
obesity prevention programs. 

o	 Align food assistance programs such as SNAP 
and WIC with the Dietary Guidelines for 
Americans. Provide standards for purchasing 
that create new demands for healthy foods, 
such as vegetables and fruits, and discourage 
the purchase and consumption of foods, such as 
sugar-sweetened beverages. Support research 
to explore ways to improve overall diet quality 
in Federal and local food assistance programs. 

o	 Support changes to the food environment that 
can help individuals make healthy choices in 
the foods they consume away from home and 
those they purchase away from home to 
consume at home. For example, the Committee 
encourages the food industry to continue to 
reformulate and make changes to improve the 
nutrition profile of certain foods. Examples of 
such actions include lowering sodium and 
added sugars content, achieving better 
saturated fat to polyunsaturated fat ratio, and 
reducing portion sizes in retail settings 
(restaurants, food outlets, and public venues, 
such as professional sports stadiums and 
arenas). The Committee also encourages the 
food industry to market these improved 
products to consumers. 
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o	 Implement policies and programs at local, state 
and national levels in both the public and 
private sectors to reduce added sugars and 
sodium in foods, limit availability of sugar-
sweetened beverages, and promote healthy 
snacks. Approaches might include: 
� Making water a preferred beverage choice. 

Encourage water as a preferred beverage 
when thirsty. Make water accessible in 
public settings, child care facilities, 
schools, worksites and other community 
places where beverages are offered. 

� Reducing added sugars in foods and sugar-
sweetened beverages in school meals. 

� 0DNLQJ�³VPDUW�VQDFNV´�FRQVLVWHQW�ZLWK�WKH� 
Dietary Guidelines in schools, child care 
settings, parks, recreation centers, sports 
leagues, after-school programs, worksites, 
colleges and universities, healthcare, and 
other community settings. 

� Implementing policies that limit exposure 
and marketing of foods and beverages high 
in added sugars and sodium to all age 
groups, particularly children and 
adolescents. 

� Implementing economic and pricing 
approaches to promote the purchase of 
healthy foods and beverages. For example, 
taxation on higher sugar-and sodium-
containing foods may encourage 
consumers to reduce consumption and 
revenues generated could support health 
promotion efforts. Alternatively, price 
incentives on vegetables and fruits could 
be used to promote consumption and 
public health benefits. 

� Mounting public education campaigns to 
LQFUHDVH�WKH�SXEOLF¶V�DZDUHQHVV�RI�WKH�
health effects of excess added sugars, 
sodium, saturated fat, and calories. 

Support and expand access to healthy built 
environments and advocate wide community use. 
o	 Increase opportunities for regular public 

engagement in physical activity through 
improved urban and community designs, 
enhanced community built environments, 
business spaces, and transportation networks. 
Urban and community designs should 
encourage and promote active transportation, 
such as walking and biking. Green corridors 

can increase public safety and enhance active 
transportation.  

o	 Incentivize communities to make physical 
activity accessible, affordable, and safe. 
Encourage public and private sectors to work 
together to increase access to gyms, bike trails, 
pedestrian walkways, ball fields, and other 
recreation areas in the communities. Promote 
physical activity through social media, smart 
phone, and other technologies. 

o	 Reach out to and engage groups such as new 
immigrant communities who may abandon 
their native healthy lifestyle habits and others 
at highest nutritional and health risk, to ensure 
that they learn about resources and are 
motivated to access, engage in, and sustain 
healthy dietary patterns and physical activities 
within their cultural preferences. 

x	 Maintain strong support for Federal food and 
nutrition programs.  
o	 Recognize their importance in creating demand 

for healthy food products as well as in shaping 
and modeling consumer behaviors relating to 
healthy dietary and physical activity patterns.  

o	 Align program standards with the Dietary 
Guidelines for Americans so as to achieve the 
2015 DGAC recommendations and promote a 
³FXOWXUH�RI�KHDOWK�´ 

x	 Recognize and place priority on moving toward a 
more sustainable diet consistent with the healthy 
dietary pattern options described in this DGAC 
report. Access to sufficient, nutritious, and safe 
food is an essential element of food security for the 
U.S. population. A sustainable diet helps ensure 
this access for both the current population and 
future generations. 
o	 Enhance what is already being done by the 

private and public sectors to improve 
environmental policies and practices around 
production, processing, and distribution within 
individual food categories. 

o	 Align local, state, and national practices and 
policies across sectors to promote a sustainable 
and safe food supply to ensure long-term food 
security. Support robust private and public 
sector partnerships, practices, and policies 
across the supply chain and extending from 
farms to distribution and consumption that can 
incentivize actions to develop a food system 
that embraces a core set of values that embody 
healthy, safe, and sustainable dietary patterns. 
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 Monitor, evaluate, and reward sectors that do 
this. Establish new, well-coordinated policies 
that include, but are not limited to, agriculture, 
economics, transportation, energy, water use, 
and dietary guidance. Encourage all 
participants in the food system, as they are 
central to creating and supporting sustainable 
and safe diets. 

o	 Shift toward a greater emphasis on healthy 
dietary patterns and an improved 
environmental profile across food categories to 
maximize environmental sustainability, 
including encouraging consumption of a 
variety of wild caught or farmed seafood.  

o	 Improve the nutrient profiles of certain farmed 
seafood species, particularly EPA and DHA 
levels, through improved feeding and 
processing systems and preserve the favorable 
nutrient profiles of other seafood. Establish 
strong policy, research, and stewardship to 
improve the environmental sustainability of 
farmed seafood systems. 

o	 Offer consumer-friendly information that 
facilitates understanding the environmental 
impact of different foods in food and menu 
labeling initiatives. 

o	 Recognize the importance of foodborne illness 
prevention and encourage consumer behavior 
consistent with the four food safety principles 
described in the Dietary Guidelines for 
Americans²Clean, Separate, Cook, and Chill, 
which are the foundation of the Fight BAC!® 

campaign (www.fightbac.org).  
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&200,77((�$332,170(17� 

Beginning with the 1985 edition, the U.S. Department 
of Agriculture (USDA) and U.S. Department of Health 
and Human Services (HHS) have appointed a Dietary 
Guidelines Advisory Committee (DGAC) of nationally 
recognized experts in the field of nutrition and health to 
review the scientific evidence and medical knowledge 
current at the time. This Committee has been an 
effective mechanism for obtaining a comprehensive 
and systematic review of the science which contributes 
to successful Federal implementation as well as broad 
public acceptance of the Dietary Guidelines. The 2015 
DGAC was established for the single, time-limited task 
of reviewing the 2010 edition of Dietary Guidelines for 
Americans and developing nutrition and related health 
recommendations in this Advisory Report to the 
Secretaries of USDA and HHS. The Committee was 
disbanded upon delivery of this report. 
Nominations were sought from the public through a 
Federal Register notice published on October 26, 2012. 
Criteria for nominating prospective members of the 
DGAC included knowledge about current scientific 
research in human nutrition and chronic disease, 
familiarity with the purpose, communication, and 
application of the Dietary Guidelines, and 
demonstrated interest in the public's health and well­
being through their research and educational endeavors. 
They also were expected to be respected and published 
experts in their fields. Expertise was sought in several 
specialty areas, including, but not limited to, the 
prevention of chronic diseases (e.g., cancer, 
cardiovascular disease, type 2 diabetes, overweight and 
obesity, and osteoporosis); energy balance (including 
physical activity); epidemiology; food processing 
science, safety, and technology; general medicine; 
gerontology; nutrient bioavailability; nutrition 
biochemistry and physiology; nutrition education and 
behavior change; pediatrics; maternal/gestational 
nutrition; public health; and/or nutrition-related 
systematic review methodology. 

The Secretaries of USDA and HHS jointly appointed 
individuals for membership to the 2015 DGAC. The 
chosen individuals are highly respected by their peers 
for their depth and breadth of scientific knowledge of 

the relationship between dietary intake and health in all 
relevant areas of the current Dietary Guidelines. 

To ensure that recommendations of the Committee took 
into account the needs of the diverse groups served by 
USDA and HHS, membership included, to the extent 
practicable, a diverse group of individuals with 
representation from various geographic locations, racial 
and ethnic groups, women, and persons with 
disabilities. Equal opportunity practices, in line with 
USDA and HHS policies, were followed in all 
membership appointments to the Committee. 
Appointments were made without discrimination on the 
basis of age, race and ethnicity, gender, sexual 
orientation, disability, or cultural, religious, or 
socioeconomic status. Individuals were appointed to 
serve as members of the Committee to represent 
balanced viewpoints of the scientific evidence, and not 
to represent the viewpoints of any specific group. 
Members of the DGAC were classified as Special 
Government Employees (SGEs) during their term of 
appointment, and as such were subject to the ethical 
standards of conduct for all federal employees.  

&+$5*(�72�7+(������',(7$5<�
*8,'(/,1(6�$'9,625<�&200,77((� 

The Dietary Guidelines for Americans provide science-
based advice on how nutrition and physical activity can 
help promote health across the lifespan and reduce the 
risk for major chronic diseases in the U.S. population 
ages 2 years and older. 

The Dietary Guidelines form the basis of Federal 
nutrition policy, standards, programs, and education for 
the general public and are published jointly by HHS 
and USDA every 5 years. The charge to the Dietary 
Guidelines Advisory Committee, whose duties were 
time-limited and solely advisory in nature, was 
GHVFULEHG�LQ�WKH�&RPPLWWHH¶V�FKDUWHU as follows: 

x	 Examine the Dietary Guidelines for Americans,
2010 and determine topics for which new 
scientific evidence is likely to be available that 
may inform revisions to the current guidance or 
suggest new guidance. 
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x	 Place its primary focus on the systematic 
review and analysis of the evidence published 
since the last DGAC deliberations. 

x	 Place its primary emphasis on the development 
of food-based recommendations that are of 
public health importance for Americans ages 2 
years and older. 

x	 Prepare and submit to the Secretaries of HHS 
and USDA a report of technical 
recommendations with rationales, to inform the 
development of the 2015 Dietary Guidelines 
for Americans. DGAC responsibilities included 
providing authorship for this report; however, 
responsibilities did not include translating the 
recommendations into policy or into 
communication and outreach documents or 
programs. 

x	 'LVEDQG�XSRQ�WKH�VXEPLWWDO�RI�WKH�&RPPLWWHH¶V�
recommendations, contained in the Report of 
the Dietary Guidelines Advisory Committee on 
the Dietary Guidelines for Americans, 2015 to 
the Secretaries. 

x	 Complete all work within the 2-year charter 
timeframe. 

7+(�&200,77((�352&(66� 

&RPPLWWHH�0HPEHUVKLS� 

Fifteen members were appointed to the Committee, one 
of whom resigned within the first 3 months of 
appointment due to new professional obligations (see 
the DGAC Membership). The Committee served 
without pay and worked under the regulations of the 
Federal Advisory Committee Act (FACA). The 
Committee held seven public meetings over the course 
of 1½ years. Meetings were held in June 2013 and 
January, March, July, September, November, and 
December 2014. The members met in person on the 
campus of the National Institutes of Health in 
Bethesda, Maryland, for six of the seven meetings. The 
Committee met by webinar for the November 2014 
meeting. All meetings were made publically available 
live by webcast. In addition, members of the general 
SXEOLF�ZHUH�DEOH�WR�DWWHQG�WKH�&RPPLWWHH¶V�ILUVW�two 
meetings in person in Washington DC area. For the 
remaining meetings, members of the public were able 
to observe by webcast. All meetings were announced in 
the Federal Register. Meeting summaries, 

presentations, archived recordings of all of the 
meetings, and other documents pertaining to 
Committee deliberations were made available at 
www.DietaryGuidelines.gov. Meeting materials also 
were provided at the reference desks of the HHS 
National Institutes of Health. 

3XEOLF�&RPPHQWV� 

Written public comments were received throughout the 
Committee's deliberations through an electronic 
database and provided to the Committee. This database 
allowed for the generation of public comment reports 
as a result of a query by key topic area(s). A general 
description of the types of comments received and the 
process used for collecting public comments is 
described in Appendix E-7. Public Comments. 

'*$&�&RQFHSWXDO�0RGHO� 

Recognizing the dynamic interplay that exists among 
the determinants and influences on diet and physical 
activity as well as the myriad resulting health 
outcomes, the Committee developed a conceptual 
model to complement its work. The Committee began 
by reviewing the socio-ecological model in the 2010 
Dietary Guidelines for Americans and identified the 
primary goals of the new model: 1) characterize the 
multiple interrelated determinants of complex nutrition 
and lifestyle behaviors and health outcomes at 
individual and population levels, and 2) highlight those 
areas within this large system that are addressed by the 
2015 DGAC review of the evidence. In addition, the 
Committee sought to develop a model that provided an 
organizing framework to show readers how the Science 
Base chapters in this report relate to each other and to 
the larger food and agriculture, nutrition, physical 
activity, and health systems in the United States. It first 
developed an outline that identified a large number of 
factors and highlighted a select number to be addressed 
in its evidence reviews of this report. A smaller group 
of Committee members then developed a draft visual 
approach for conveying the main messages within a 
conceptual model. Using the structure of that draft 
visual, the content of the outline was organized into a 
supplementary table. The draft outline, resulting visual, 
and supporting table went through review and input by 
the members at several stages. The resulting conceptual 
model and supporting table are found in Part B. 
Chapter 1: Introduction. 
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$SSURDFKHV�WR�5HYLHZLQJ�WKH�(YLGHQFH� 

The Committee used a variety of scientifically rigorous 
approaches to address its science-based questions, and 
some questions were addressed using multiple 
approaches. The Committee used the state-of-the-art 
methodology, systematic reviews, to address 27 percent 
of its science-based research questions. These reviews 
are publically available in the Nutrition Evidence 
Library (NEL) at www.NEL.gov. The scientific 
community now regularly uses systematic review 
methodologies, so, unlike the 2010 DGAC, the 2015 
Committee was able to use existing sources of evidence 
to answer an additional 45 percent of the questions it 
addressed. These sources included existing systematic 
reviews, meta-analyses, or reports. The remainder of 
the questions, 30 percent, were answered using data 
analyses and food pattern modeling analyses. These 
three approaches allowed the Committee to ask and 
answer its questions in a systematic, transparent, and 
evidence-based manner. 
For all topics and questions, regardless of the path used 
to identify and evaluate the scientific evidence, the 
Committee developed conclusion statements and 
implications statements. Conclusion statements are a 
direct answer to the question asked, reflecting the 
strength of evidence reviewed (see additional details, 
EHORZ��LQ�³'HYHORS�&RQFOXVLRQ�6WDWHPHQWV�DQG�*UDGH� 
WKH�(YLGHQFH´���,mplications statements were 
developed to put the Conclusion in necessary context 
and varied in length depending on the topic or question. 
The primary purpose of these statements in this report 
is to describe what actions the Committee recommends 
that individuals, programs, or policies might take to 
promote health and prevent disease in light of the 
conclusion statement. However, some implications 
statements also provided important statements of fact 
or references to other processes or initiatives that the 
Committee felt were critical in providing a complete 
picture of how their advice should be applied to reach 
the desired outcomes. 
Based on the existing body of evidence, research gaps, 
and limitations, the DGAC also formulated research 
recommendations that could advance knowledge 
related to its question and inform future Federal food 
and nutrition guidance as well as other policies and 
programs. Some research recommendations were 
developed and reported for specific topic areas covered 
in each chapter; others were overarching and covered 
an entire chapter.  

&RPPLWWHH�:RUNLQJ�6WUXFWXUHV�DQG�3URFHVV� 

7KH�&RPPLWWHH¶V�UHVHDUFK�TXHVWLRQV�ZHUH�GHYHORSHG
and prioritized initially by three Working Groups, 
which then organized themselves into five topic area 
Subcommittees, and four topic-specific Working or 
Writing Groups to conduct their work. The 
Subcommittees were: Food and Nutrient Intakes and 
Health: Current Status and Trends; Dietary Patterns, 
Foods and Nutrients, and Health Outcomes; Diet and 
Physical Activity Behavior Change; Food and Physical 
Activity Environments; and Food Sustainability and 
6DIHW\��:RUNLQJ�*URXSV�ZHUH�HVWDEOLVKHG�RQ�DQ�³DV� 
QHHGHG´ basis when a topic crossed two or more 
subcommittees. The three working groups were: 
Sodium, Added Sugars, and Saturated Fats. In addition, 
a Physical Activity Writing Group was established 
within the subcommittee on Food and Physical Activity 
Environments. The Subcommittees, Working Groups, 
and Writing Groups were made up of three to seven 
Committee members, with one Committee member 
appointed as the chair (for subcommittees) or lead (for 
working or writing groups). The membership of each 
group is listed in Appendix E-9. Although the chair or 
lead member was responsible for communicating and 
coordinating all the work that needed to be 
accomplished within the group, recommendations 
coordinated by each group ultimately reflected the 
consensus of the entire Committee from deliberations 
in the public meetings. ,Q�DGGLWLRQ��WKH�&RPPLWWHH¶V�
Chair and Vice-chair served in an advisory role on each 
group. 

Subcommittees and working/writing groups met 
regularly and communicated by conference calls, 
webinars, e-mail, and face-to-face meetings. Each 
group was responsible for presenting the basis for its 
draft conclusions and implications to the full 
Committee within the public meetings, responding to 
questions from the Committee, and making changes, if 
warranted. To gain perspective for interpreting the 
science, some groups invited experts on a one-time 
basis to participate in a meeting to provide their 
expertise on a particular topic being considered by the 
group. Two subcommittees also used consultants, who 
were experts in particular issues within the purview of 
WKH�VXEFRPPLWWHH¶V�ZRUN��7KHVH�FRQVXOWDQWV�
participated in subcommittee discussions and decisions 
on an ongoing basis, but were not members of the full 
Committee. Like Committee members, they completed 
training and were reviewed and cleared through a 
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formal Federal process. Seven invited outside experts 
presented to the full Committee at the January and 
March, 2014, public meetings. These experts addressed 
questions posed by the Committee in advance and 
responded to additional questions during the meetings. 

In addition to these five subcommittees and four 
working/writing groups, the DGAC included a Science 
Review Subcommittee, similar to that formed for the 
2010 DGAC. The members included the DGAC Chair 
and Vice-chair and the two 2015 DGAC members who 
had also served on the 2010 DGAC. The main focus of 
this subcommittee was to provide oversight to the 
whole DGAC process. This Subcommittee played a 
primary role in organizing the Committee members 
into their initial work groups, then into subcommittees 
and working/writing groups. It facilitated the 
prioritization of topics to be considered by the 
Committee and provided oversight to ensure that 
consistent and transparent approaches were used when 
reviewing the evidence. This oversight also included 
monitoring the progress of work toward the 
development of this report in the allotted timeline. As 
the review of the science progressed, the Science 
Review Subcommittee meetings were opened to 
subcommittee Chairs and eventually to other 
working/writing group Leads when cross-cutting topics 
were placed on the agenda. In order to adhere to FACA 
guidelines, full Committee participation was not 
allowed.  

7KH�&RPPLWWHH�PHPEHUV�ZHUH�VXSSRUWHG�E\�++6¶V�
Designated Federal Officer, who led the administrative 
effort for this revision process and served as one of 
four Co-executive Secretaries (two from HHS and two 
from USDA). Support staff for managing Committee 
operations consisted of HHS and USDA Dietary 
Guidelines Management Team members and NEL 
Team members, including two research librarians. A 
third Federal staff team, the Data Analyses Team, 
provided support to the Committee by providing data 
upon the request of the Committee (see DGAC 
Membership for a list of these DGAC support staff). 

'*$&�5HSRUW�6WUXFWXUH� 

Reflecting the DGAC subcommittee and 
working/writing group structure, the bulk of the report 
consists of seven science-based chapters that 
summarize the evidence assessed and evaluated by the 
Committee. Five chapters correspond to the work of the 

five subcommittees; one chapter covers the cross­
cutting topics of sodium, saturated fat, and added 
sugars and low-calorie sweeteners; and one chapter 
addresses physical activity.  

Throughout its deliberations, the Committee considered 
issues related to overall dietary patterns and the need 
for integrating findings from individual diet and 
nutrition topic areas. As a result, the Committee 
included an additional chapter²Part B. Chapter 2:
2015 DGAC Themes and Recommendations: 
Integrating the Evidence. 

6<67(0$7,&�5(9,(:�2)�7+(�6&,(17,),&�
(9,'(1&(� 

7KH�86'$¶V�1XWULWLRQ�Evidence Library (NEL), 
housed within the Center for Nutrition Policy and 
Promotion, was responsible for assisting the 2015 
DGAC in reviewing the science and supporting 
development of the 2015 DGAC Report. The NEL used 
state-of-the-art methodology informed by the Agency 
for Healthcare Research and Quality (AHRQ),1 the 
Cochrane Collaboration,2 the Academy of Nutrition 
and Dietetics3 and the 2011 Institute of Medicine 
systematic review (SR)4 standards to review, evaluate, 
and synthesize published, peer-reviewed food and 
nutrition research. ThH�1(/¶V�rigorous, protocol-driven 
methodology is designed to maximize transparency, 
minimize bias, and ensure SRs are relevant, timely, and 
high-quality. Using the NEL evidence-based approach 
enables HHS and USDA to comply with the Data 
Quality Act, which states that Federal agencies must 
ensure the quality, objectivity, utility, and integrity of 
the information used to form Federal guidance. 

DGAC members developed the SR questions and 
worked with NEL staff to implement the SRs. The 
following represent overarching principles for the NEL 
process: 

x The DGAC made all substantive decisions 
required during the process. 

x NEL staff provided facilitation and support to 
ensure that the process was consistently 
implemented in accordance with NEL 
methodology. 

x NEL used document templates, which served 
as a starting point and were tailored to each 
specific review.  
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x	 When working with the DGAC, the Science 
Review Subcommittee provided oversight to 
WKH�'*$&¶V�ZRUN�WKURughout the deliberative 
process, ensuring that the Subcommittees used 
consistent and transparent approaches when 
reviewing the evidence using NEL SRs. 

The NEL employed a six-step SR process, which 
leveraged a broad range of expert inputs:  

x Step 1: Develop systematic review questions 
and analytic frameworks 

x Step 2: Search, screen, and select studies to 
review  

x Step 3: Extract data and assess the risk of bias 
of the research 

x Step 4: Describe and synthesize the evidence  
x Step 5: Develop conclusion statements and 

grade the evidence  
x Step 6: Identify research recommendations  

Each step of the process was documented to ensure 
transparency and reproducibility. Specific information 
about each review is available at www.NEL.gov, 
including the research questions, the related literature 
search protocol, literature selection decisions, an 
assessment of the methodological quality of each 
included study, evidence summary materials, evidence 
tables, a description of key findings, graded conclusion 
statements, and identification of research limitations 
and gaps. These steps are described below. 

'HYHORS�6\VWHPDWLF�5HYLHZ�4XHVWLRQV�DQG� 
$QDO\WLF�)UDPHZRUNV 

The DGAC identified, refined, and prioritized the most 
relevant topics and then developed clearly focused SR 
questions that were appropriate in scope, reflected the 
state of the science, and targeted important policy 
relevant to public health issue(s). Once topics and 
systematic review questions were generated, the DGAC 
developed an analytical framework for each topic in 
accordance with NEL methodology. These frameworks 
clearly identified the core elements of the systematic 
review question/s, key definitions, and potential 
confounders to inform development of the systematic 
review protocol. 

The core elements of a SR question include Population, 
Intervention or Exposure, Comparator, and Outcomes 
(PICO). These elements represent key aspects of the 

34 

topic that need to be considered in developing a SR 
framework. An analytic framework is a type of 
evidence model that defines and links the PICO 
elements and key confounders. The analytical 
framework serves as a visual representation of the 
overall scope of the project, provides definitions for 
key SR terms, helps to ensure that all contributing 
elements in the causal chain will be examined and 
evaluated, and aids in determining inclusion and 
exclusion criteria and the literature search strategy. 

6HDUFK��6FUHHQ��DQG�6HOHFW�6WXGLHV�WR�5HYLHZ� 

Searching, screening, and selecting scientific literature 
was an iterative process that sought to identify the most 
complete and relevant body of evidence to answer a SR 
question. This process was guided by inclusion and 
exclusion criteria determined a priori by the DGAC. 
The NEL librarians created and implemented search 
strategies that included appropriate databases and 
search terms to identify literature to answer each SR 
question. The results of the literature search were 
screened by the NEL librarians and staff in a dual, step­
wise manner, beginning with titles, followed by 
abstracts, and then full-text articles, to determine which 
articles met the criteria for inclusion in the review. 
Articles that met the inclusion criteria were hand 
searched in an effort to find additional pertinent articles 
not identified through the electronic search. In addition, 
NEL staff and the DGAC conducted a duplication 
assessment to determine whether high-quality SRs or 
meta-analyses (MA) were available to augment or 
replace a NEL SR. 

The DGAC provided direction throughout this process 
to ensure that the inclusion and exclusion criteria were 
applied appropriately and the final list of included 
articles was complete and captured all research 
available to answer a SR question. Each step of the 
process also was documented to ensure transparency 
and reproducibility. 

The NEL established and the DGAC approved standard 
inclusion and exclusion criteria to promote consistency 
across reviews and ensure that the evidence being 
considered in NEL SRs was most relevant to the U.S. 
population. The DGAC used these standard criteria and 
revised them a priori as needed to ensure that they were 
appropriate for the specific SR being conducted. In 
general, criteria were established based on the 
analytical framework to ensure that each study included 
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the appropriate population, intervention/exposure, 
comparator(s), and outcomes. They were typically 
established for the following study characteristics: 

x Study design 
x Date of publication 
x Publication language 
x Study setting 
x Study duration 
x Publication status (i.e., peer reviewed) 
x Type, age, and health status of study subjects 
x Size of study groups 
x Study dropout rate 

To capitalize on existing literature reviews, the NEL 
performed duplication assessments, which identified 
any existing high-quality SRs and/or MAs that 
addressed the topic or SR questions posed. Existing 
SRs and MAs were valuable sources of evidence and 
were used for two main purposes in the NEL SR 
process:  

x To augment a NEL SR as an additional source 
of evidence, but not as an included study in the 
review (in this case, the studies in the existing 
SR or MA would not be included individually 
in the NEL review that was conducted); or 

x To replace a de novo NEL SR. 

NEL also used existing SRs to provide background and 
context for current reviews, inform SR methodology, 
and cross-check the literature search for completeness. 

If multiple relevant, low risk of bias, and timely SRs or 
MA were available, the reviews were compared and a 
decision was made as to whether an existing SR/MA 
would be used, or whether a de novo SR would be 
conducted. This decision was made based on the 
relevancy of the review in relation to the SR question 
and, when more than one review was identified, the 
consistency of the findings. If existing SRs/MA 
addressed different aspects of the outcome, more than 
one SR/MA may have been be used to replace a de 
novo SR. More information on the use of existing 
SRs/MAs to replace a de novo NEL SR is provided 
EHORZ�LQ�WKH�VHFWLRQ�³Existing Sources of Evidence�´ 

([WUDFW�'DWD�DQG�$VVHVV�WKH�5LVN�RI�%LDV� 

Key information from each study included in a 
systematic review was extracted and a risk of bias 

assessment was performed by a NEL abstractor. NEL 
abstractors are National Service Volunteers from across 
the United States with advanced degrees in nutrition or 
a related field who were trained to review individual 
research articles included in NEL systematic reviews (a 
list of the Volunteers is included in Appendix E-10: 
Dietary Guidelines Advisory Committee Report
Acknowledgments). From the evidence grids, summary 
tables are created for each SR that highlight the most 
relevant data from the reviewed papers. These tables 
are available on www.NEL.gov. 

The risk of bias (i.e., internal validity) for each study 
was assessed using the NEL Bias Assessment Tool 
(BAT) (see Table C.1 at the end of this chapter). This 
tool helped in determining whether any systematic 
error existed to either over- or underestimate the study 
results. This tool was developed in collaboration with a 
panel of international systematic review experts. 

NEL staff reviewed the work of abstractors, resolved 
inconsistencies, and generated a draft of a descriptive 
summary of the body of evidence. The DGAC 
reviewed this work and used it to inform their synthesis 
of the evidence. 

'HVFULEH�DQG�6\QWKHVL]H�WKH�(YLGHQFH�� 

Evidence synthesis is the process by which the DGAC 
compared, contrasted, and combined evidence from 
multiple studies to develop key findings and a graded 
conclusion statement that answered the SR question. 
This qualitative synthesis of the body of evidence 
involved identifying overarching themes or key 
concepts from the findings, identifying and explaining 
similarities and differences between studies, and 
determining whether certain factors affected the 
relationships being examined.  

To facilitate the '*$&¶V�review and analysis of the 
evidence, VWDII�SUHSDUHG�D�³.H\�7UHQGV´�WHPSODWH�IRU� 
each SR question. This document was customized for 
each question and included questions related to major 
trends, key observations, themes for conclusion 
statements and key findings. It also addressed 
methodological problems or limitations, magnitude of 
effect, generalizability of results, and research 
recommendations. DGAC members used the 
description of the evidence, along with the full data 
extraction grid, and full-text manuscripts to complete 
WKH�³.H\�7UHQGV´ questions. The responses were 
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compiled and used to draft the qualitative evidence 
synthesis and the conclusion statement.  

'HYHORS�&RQFOXVLRQ�6WDWHPHQWV�DQG�*UDGH�WKH� 
(YLGHQFH� 

The conclusion statement is a brief summary statement 
worded as an answer to the SR question. It must be 
tightly associated with the evidence, focused on general 
agreement among the studies around the independent 
variable(s) and outcome(s), and may acknowledge 
areas of disagreement or limitations, where they exist. 
The conclusion statement reflects the evidence 
reviewed and does not include information that is not 
addressed in the studies. The conclusion statement also 
may identify a relevant population, when appropriate. 
,Q�DGGLWLRQ��³NH\�ILQGLQJV´��DSSUR[LPDWHO\���WR���
bulleted points) were drafted for some questions to 
provide context and highlight important findings that 
contributed to conclusion statement development (e.g., 
brief description of the evidence reviewed, major 
themes, limitations of the research reviewed or results 
from intermediate biomarkers).  

The DGAC used predefined criteria to evaluate and 
grade the strength of available evidence supporting 
each conclusion statement. The grade communicates to 
decision makers and stakeholders the strength of the 
evidence supporting a specific conclusion statement. 
The grade for the body of evidence and conclusion 
statement was based on five elements outlined in the 
NEL grading rubric: quality, quantity, consistency, 
impact and generalizability (see Table C.2 at the end of 
this chapter for the full NEL grading rubric). 

(;,67,1*�6285&(6�2)�(9,'(1&(��
5(32576��6<67(0$7,&�5(9,(:6��$1'�
0(7$�$1$/<6(6� 

For a number of topics, the DGAC chose to consider 
existing high-quality sources of evidence such as 
existing reports from leading scientific organizations or 
Federal agencies, SRs, and/or MA to fully or partially 
address questions. (These three categories of existing 
sources of evidence are collectively referred to in this 
UHSRUW�DV�³H[LVWLQJ�UHSRUWV�´��This was done to prevent 
duplication of effort and promote time and resource 
management. The methods generally used to identify 
and review existing reports are described below, and 
any modifications to this process for answering a 

question are described in the Methodology section of 
the individual Science Base chapters (e.g., the DGAC 
relied on three Federal reports to write the Physical 
Activity chapter; see the Methods section of Part D. 
Chapter 7: Physical Activity for details on the process 
the Committee used to review the evidence and develop 
conclusion statements from these existing reports). 

First, an analytical framework was developed that 
clearly described the population, intervention/exposure, 
comparator, and outcomes (intermediate and clinical) 
of interest for the question being addressed. When 
Committee members were aware of high-quality 
existing reports that addressed their question(s), they 
decided a priori to use existing report(s), rather than to 
conduct a de novo NEL SR. A literature search was 
then conducted to identify other existing reports to 
augment the existing report(s) identified by the 
Committee. The literature was searched by a NEL 
librarian to identify relevant studies. The process used 
to create and execute the literature search is described 
in detail DERYH��VHH�³6HDUFK��6FUHHQ��DQG�6HOHFW�6WXGLHV� 
WR�5HYLHZ´�� In other cases, the Committee was not 
aware of any existing reports and intended to conduct a 
de novo NEL SR. However, as part of the duplication 
assessment step of the NEL process, one or more 
existing SRs or MA were identified that addressed the 
question that led to the Committee deciding to proceed 
using existing SRs/MA rather than complete an 
independent review of the primary literature. This 
process is also described above. Finally, for some 
questions, the Committee used existing reports as the 
primary source of evidence to answer a question, but 
chose to update one or more of those existing reports 
using the NEL process to identify and review studies 
that had been published after the completion of the 
literature search for the existing report(s). 

When SRs or MA that addressed the question posed by 
the Committee were identified, staff conducted a 
quality assessment using the Assessment of Multiple 
Systematic Reviews (AMSTAR) tool.5 This tool 
includes 11 questions, each of which is given a score of 
one if the criterion is met or a score of zero if the 
criterion is not met, is unclear, or is not applicable (see 
Table C.3 at the end of this chapter). Guidance for 
answering some of the questions was tailored for the 
work of the Committee. Articles rated 0-3 were 
considered to be of low quality, 4-7 of medium quality, 
and 8-11 of high quality.6 Unless otherwise noted, only 
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high quality SRs/MA, receiving scores of 8-11, were 
considered by the DGAC. 

In a few cases, existing reports were considered that did 
not examine the evidence using SR or MA. These 
reports were discussed by the subcommittees and 
determined to be of high-quality. The subcommittees 
also had the option of bringing existing reports to the 
Science Review Subcommittee to ensure that the report 
met the quality standards of the Committee, if needed.  

Next, if multiple high-quality existing reports were 
identified, their reference lists were compared to find 
whether any references and/or cohorts were included in 
more than one of the existing reports. The Committee 
then addressed the overlap in their review of the 
evidence ensuring that, in cases where overlap existed, 
that the quantity of evidence available was not 
overestimated. In a few cases, if two or more SRs/MAs 
appropriately answered a question and there was 
substantial reference overlap, the Committee chose to 
only use one of the SRs/MA to answer the question.  

Tables or other documents that summarized the 
methodology, evidence, and conclusions of the existing 
reports were used by the Committee members to 
facilitate their review of the evidence. For example, a 
³.H\�7UHQGV´�GRFXPHQW�ZDV�RIWHQ�XVHG�WR�KHOS�LGHQWLI\� 
WKHPHV�REVHUYHG�LQ�WKH�ERG\�RI�HYLGHQFH��7KH�³.H\� 
7UHQGV´�GRFXPHQW�LQFOXGHG�TXHVWLRQV�UHODWHG�Wo major 
trends, key observations, themes for key findings, and 
conclusion statements. Members of the DGAC used the 
description of the evidence, along with summary tables 
and the original reports, to answer the questions. 
)HHGEDFN�IURP�WKH�'*$&�RQ�WKH�³.H\�7UHQGV´�
document was compiled and used to draft the 
qualitative evidence synthesis and the conclusion 
statement. As described above, the conclusion 
statement is a brief summary statement worded as an 
answer to the question. In drawing conclusions, 
Committee members could choose to: 

1.		 Carry forward findings or conclusions from 
existing report(s). 

2.		 Synthesize the findings from multiple existing 
report(s) to develop their own conclusions. 

3.		 Place primary emphasis on the existing 
report(s) and discuss how new evidence 
identified through the NEL process relates to 
the conclusions or findings of the existing 
report(s). 

Next, the Committee graded their conclusion statement 
using a table of strength of evidence grades adapted 
specifically for use with existing reports (see Table C.4 
at the end of this chapter). In cases where the DGAC 
used an existing report with its own formally graded 
conclusions, the Committee acknowledged the grade 
assigned within that existing report, and then assigned a 
DGAC grade that was the closest equivalent to the 
grade assigned in the existing report. 

'$7$�$1$/<6(6� 

)HGHUDO�'DWD�$FTXLVLWLRQ� 

Earlier Committees used selected national, Federal data 
about the dietary, nutritional, and health status of the 
U.S. population. In the 2015 DGAC, a Data Analysis 
Team (DAT) was established to streamline the data 
acquisition process and efficiently support the data 
UHTXHVWV�RI�WKH�&RPPLWWHH��'XULQJ�WKH�&RPPLWWHH¶V�
work, the data used by the DGAC were publically 
available through www.DietaryGuidelines.gov. Upon 
publication, the data became available through the 
UHSRUW¶V�UHIHUHQFHV�DQG�DSSHQGLFHV�� 

Upon request from the DGAC, the DAT either 
conducted data analyses or compiled data from their 
DJHQFLHV¶�SXEOLFDWLRQV�IRU�WKH�'*$&�WR�XVH�WR�DQVZHU�
specific research questions. The DGAC took the 
strengths and limitations of data analyses into account 
in drawing conclusions. The grading rubric used for 
questions answered using NEL systematic reviews do 
not apply to questions answered using data analyses; 
therefore, these conclusions were not graded. 

Most of the analyses used the National Health and 
Nutrition Examination (NHANES) data and its dietary 
component, What We Eat in America (WWEIA), 
NHANES.7 These data were used to answer questions 
about food and nutrient intakes because they provide 
national and group level estimates of dietary intakes of 
the U.S. population, on a given day as well as usual 
intake distributions. These data contributed 
substantially to questions answered using data analyses 
(see Appendix E-4: NHANES Data Used in DGAC 
Data Analyses for additional discussion of the 
NHANES data used by the 2015 DGAC). 
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NHANES Data 
The NHANES data used by the 2015 DGAC included: 

x	 Estimates of the distribution of usual intakes of 
energy and selected macronutrients and 
micronutrients from food and beverages by 
various demographic groups, including the 
elderly population, race/ethnicities, and 
pregnant women. 

x	 Estimates of the distribution of usual intakes of 
selected nutrients from food, beverages, and 
supplements.  

x	 Estimates of the distribution of usual intake of 
USDA Food Pattern food groups by 
demographic population groups. 

x	 Eating behaviors such as meal skipping, 
contribution of meals and snacks to energy and 
nutrient intakes. 

x	 Nutrients and food group content per 1000 
calories of food and beverages obtained from 
major point of purchase. 

x	 Nutritional quality of food prepared at home 
and away from home. 

x	 Energy, selected nutrients, and food groups 
obtained from food categories by demographic 
population groups. 

x	 Selected biochemical indicators of diet and 
nutrition in the U.S. population. 

x	 Prevalence of health concerns and trends, 
including body weight status, lipid profiles, 
high blood pressure, and diabetes.  

Other Data Sources 
The DGAC also used data from the National Health 
Interview Survey, WKH�1DWLRQDO�&DQFHU�,QVWLWXWH¶V�
Surveillance, Epidemiology, and End Results (SEER) 
statistics, and heart disease and stroke statistics from 
the 2014 report of the American Heart Association.8, 9 

In addition, the Committee used USDA National 
Nutrient Database for Standard Reference, Release 27, 
2014 to list food sources ranked by amounts of selected 
nutrients (calcium, fiber, iron, potassium, and Vitamin 
D) and energy per standard food portions and per 100 
grams of foods.10 

63(&,$/�$1$/<6(6�86,1*�7+(�86'$�
)22'�3$77(516�� 

As described above, the Committee used NEL 
systematic reviews, existing reports, and data analyses 

to draw the majority of its conclusions on the 
relationship between diet and health. Because the 
primary charge of the Committee is to provide food-
based recommendations with the potential to inform the 
next edition of the Dietary Guidelines for Americans, it 
was imperative that the Committee also advise the 
government on how to articulate the evidence on the 
relationships between diet and health through food 
patterns. This was a critical task for the Committee 
because the Dietary Guidelines are the basis for all 
Federal nutrition assistance and educational initiatives. 
For this reason, like the 2005 and 2010 DGACs, this 
Committee developed a number of questions to be 
answered through a food pattern modeling approach, 
using the USDA Food Patterns.  

Briefly, the USDA Food Patterns describe types and 
amounts of food to consume that will provide a 
nutritionally adequate diet. They include recommended 
intakes for five major food groups and for subgroups 
within several of the food groups. They also 
recommend an allowance for intake of oils and limits 
on intake of calories from solid fats and added sugars. 
The calories and nutrients that would be expected from 
consuming a specified amount from each component of 
the patterns (e.g., whole grains, fruits, or oils) are 
determined by calculating nutrient profiles. A nutrient 
profile is the average nutrient content for each 
component of the Patterns. The profile is calculated 
from the nutrients in nutrient-dense forms of foods in 
each component, and is weighted based on the relative 
consumption of each of these foods. Additional details 
on the USDA Food Patterns can be found in the report 
for the food pattern modeling analysis, Adequacy of the 
USDA Food Patterns (see Appendix E-3: USDA Food 
Patterns for Special Analyses). 

The USDA Food Patterns were originally developed in 
the 1980s,11, 12 and were substantially revised and 
updated in 2005, concurrent with the development of 
the 2005 Dietary Guidelines.13 The Patterns were 
updated and slightly revised in 2010, concurrent with 
the development of the 2010 Dietary Guidelines.14 The 
2005 and 2010 updates included use of nutrient goals 
from the Institute of Medicine Dietary Reference 
Intakes reports that were released from 1997 to 2004.15­

20 The developmental process and the food patterns 
resulting from the 2005 and 2010 updates have been 
documented in detail.13, 14, 21 
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A food pattern modeling process was developed for the 
2005 DGAC and used by the 2005 and 2010 DGACs to 
determine the hypothetical effect on nutrients in and 
adequacy of the Food Patterns when specific changes 
are made.13, 14 The structure of the USDA Food Patterns 
allows for modifications that test the overall influence 
on diet quality of various dietary recommendation 
scenarios. Most analyses involved identifying the 
impact of specific changes in amounts or types of foods 
that might be included in the pattern. Changes might 
involve modifying the nutrient profiles for a food 
group, or changing amounts recommended for a food 
group or subgroup, based on the assumptions for the 
food pattern modeling analysis. For example, 2005 
DGAC subcommittees requested analyses to obtain 
information on the potential effect of consumers 
selecting only lacto-ovo vegetarian choices, eliminating 
legumes, or choosing varying levels of fat as a percent 
of calories22 on nutritional adequacy. The use of food 
pattern modeling analyses for the 2005 and 2010 
DGAC have been documented.23-26 

The DGAC referred questions that could be addressed 
through food pattern modeling to the Food and Nutrient 
Intakes and Health: Current Status and Trends 
Subcommittee. The DGAC identified that a number of 
questions could be answered by modeling analyses 
conducted for the 2005 or 2010 DGACs. The food 
pattern modeling analyses conducted for the 2015 
DGAC are listed in Appendix E-3: USDA Food 
Pattern Modeling Analyses. For each question 
answered using food pattern modeling, a specific 
approach was drafted by USDA staff and provided to 
the DGAC for comment. After the approach was 
adjusted and approved by the DGAC, USDA staff 
completed the analytical work and drafted a full report 
IRU�WKH�'*$&¶V�FRQVLGHUDWLRQ�� 

The modeling process also was used to develop new 
USDA Food Patterns based on different types of 
HYLGHQFH��WKH�³+HDOWK\�9HJHWDULDQ�3DWWHUQ�´�ZKLFK� 
takes into account food choices of self-identified 
YHJHWDULDQV��DQG�WKH�³+HDOWK\�0HGLWHUUDQHDQ-style 
3DWWHUQ�´�which takes into account food group intakes 
from studies using a Mediterranean diet index to assess 
dietary patterns. The latter were compiled and 
summarized to answer the questions addressed on 
dietary patterns composition. The food group content 
of dietary patterns reviewed by the DGAC and found to 
have health benefits formed the basis for answering 
these questions. WWEIA food group intakes and 

USDA Food Pattern recommendations were compared 
with the food group intake data from the healthy 
dietary patterns as part of the answer for these 
questions.  

5()(5(1&(6�� 
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Table C.1. Nutrition Evidence Library Bias Assessment Tool (BAT). 

The NEL Bias Assessment Tool (NEL BAT) is used to assess the risk of bias of each individual study included in 
a SR. The types of bias that are addressed in the NEL BAT include: 

Selection Bias 
Systematic differences between baseline characteristics of the groups 
that are compared; error in choosing the individuals or groups taking 
part in a study 

Performance Bias 
Systematic differences between groups in the intervention/exposure 
received, or in experience with factors other than the 
interventions/exposures of interest 

Detection Bias 
Systematic differences between groups in how outcomes are 
determined; outcomes are more likely to be observed or reported in 
certain subjects  

Attrition Bias 
Systematic differences between groups in withdrawals from a study, 
particularly if those who drop out of the study are systematically 
different from those who remain in the study 

Adapted from: Cochrane Bias Methods Group: http://bmg.cochrane.org/assessing-risk-bias-included­
studies  

The NEL BAT is tailored by study design, with different sets of questions applying to randomized controlled trials 
(14 questions), non-randomized controlled trials (14 questions), and observational studies (12 questions). 
Abstractors complete the NEL BAT after data extraction for each article. There are four response options:  

� Yes: ,QIRUPDWLRQ�SURYLGHG�LQ�WKH�DUWLFOH�LV�DGHTXDWH�WR�DQVZHU�³\HV´�� 

� No: ,QIRUPDWLRQ�SURYLGHG�LQ�WKH�DUWLFOH�FOHDUO\�LQGLFDWHV�DQ�DQVZHU�RI�³QR´�� 

� Cannot Determine: No information or insufficient information is provided in the article, so an answer of 
³\HV´�RU�³QR´�LV�QRW�SRVVLEOH� 

� N/A: The question is not applicable to the article. 

The NEL Bias Assessment Tool (NEL BAT) 
Risk of Bias Questions Study Designs Type of Bias 
Were the inclusion/exclusion criteria similar across 
study groups? 

Controlled trials 
Observational studies Selection Bias 

Was the strategy for recruiting or allocating 
participants similar across study groups?  

Controlled trials 
Observational studies Selection Bias 

Was the allocation sequence randomly generated? RCTs Selection Bias 
Was the group allocation concealed (so that 
assignments could not be predicted)? RCTs Selection Bias 

Performance Bias 
Was distribution of health status, demographics, 
and other critical confounding factors similar 
across study groups at baseline? If not, does the 
analysis control for baseline differences between 
groups? 

RCTs 
Controlled trials 
Observational studies 

Selection Bias 

Did the investigators account for important 
variations in the execution of the study from the 
proposed protocol or research plan? 

RCTs 
Controlled trials 
Observational studies 

Performance Bias 
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The NEL Bias Assessment Tool (NEL BAT) 

Was adherence to the study protocols similar 
across study groups? 

RCTs 
Controlled trials 
Observational studies 

Performance Bias 

Did the investigators account for the impact of 
unintended/unplanned concurrent interventions or 
exposures that were differentially experienced by 
study groups and might bias results? 

RCTs 
Controlled trials 
Observational studies 

Performance Bias 

Were participants blinded to their intervention or 
exposure status? 

RCTs 
Controlled trials Performance Bias 

Were investigators blinded to the intervention or 
exposure status of participants? 

RCTs 
Controlled trials Performance Bias 

Were outcome assessors blinded to the intervention 
or exposure status of participants? 

RCTs 
Controlled trials 
Observational studies 

Detection Bias 

Were valid and reliable measures used consistently 
across all study groups to assess inclusion/exclusion 
criteria, interventions/exposures, outcomes, 
participant health benefits and harms, and 
confounding? 

RCTs 
Controlled trials 
Observational studies Detection Bias 

Was the length of follow-up similar across study 
groups? 

RCTs 
Controlled trials 
Observational studies 

Attrition Bias 

In cases of high or differential loss to follow-up, 
was the impact assessed (e.g., through sensitivity 
analysis or other adjustment method)?  

RCTs 
Controlled trials 
Observational studies 

Attrition Bias 

Were other sources of bias taken into account in 
the design and/or analysis of the study (e.g., 
through matching, stratification, interaction terms, 
multivariate analysis, or other statistical 
adjustment such as instrumental variables)? 

RCTs 
Controlled trials 
Observational studies 

Attrition, 
Detection, 
Performance, and 
Selection Bias 

Were the statistical methods used to assess the 
primary outcomes adequate? 

RCTs 
Controlled trials 
Observational studies 

Detection Bias 

The completed NEL BAT is used to rate the overall risk of bias for the article by tallying the responses to each 
question. (DFK�³<HV´ UHVSRQVH�UHFHLYHV���SRLQWV��HDFK�³&DQQRW�'HWHUPLQH´ UHVSRQVH�UHFHLYHV���SRLQW��HDFK�³1R´
UHVSRQVH�UHFHLYHV���SRLQWV��DQG�HDFK�³1�$´ response receives 0 points. Since 14 questions are answered for 
randomized controlled trials and non-randomized controlled trials, they will be assigned a risk of bias rating out of 
a maximum of 28 points; while observational studies will be out of 24 points. The lower the number of points 
received, the lower the risk of bias. 
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Table C.2. NEL Grading Rubric.
 
 

USDA Nutrition Evidence Library Conclusion Statement Evaluation 
Criteria for judging the strength of the body of evidence supporting the Conclusion Statement 

Elements Grade I: Strong Grade II: Moderate Grade III: Limited Grade IV: 
Grade Not Assignable* 

Risk of bias 
(as determined 
using the NEL 
Bias Assessment 
Tool) 

Studies of strong 
design free from 
design flaws, bias 
and execution 
problems 

Studies of strong 
design with minor 
methodological 
concerns 
OR only studies of 
weaker study design 
for question 

Studies of weak design 
for answering the 
question 
OR inconclusive 
findings due to design 
flaws, bias or 
execution problems 

Serious design flaws, 
bias, or execution 
problems across the body 
of evidence 

Quantity 
x Number of 

studies  
x Number of 

subjects in 
studies 

Several good 
quality studies; 
large number of 
subjects studied; 
studies have 
sufficiently large 
sample size for 
adequate statistical 
power  

Several studies by 
independent 
investigators; doubts 
about adequacy of 
sample size to avoid 
Type I and Type II 
error 

Limited number of 
studies; low number of 
subjects studied and/or 
inadequate sample size 
within studies 

Available studies do not 
directly answer the 
question OR no studies 
available 

Consistency 
of findings across 
studies 

Findings generally 
consistent in 
direction and size of 
effect or degree of 
association and 
statistical 
significance with 
very minor 
exceptions  

Some inconsistency in 
results across studies in 
direction and size of 
effect, degree of 
association or 
statistical significance 

Unexplained 
inconsistency among 
results from different 
studies 

Independent variables 
and/or outcomes are too 
disparate to synthesize 
OR single small study 
unconfirmed by other 
studies 

Impact 
x Directness of 

studied 
outcomes  

x Magnitude of 
effect 

Studied outcome 
relates directly to 
the question; size of 
effect is clinically 
meaningful 

Some study outcomes 
relate to the question 
indirectly; some doubt 
about the clinical 
significance of the 
effect 

Most studied outcomes 
relate to the question 
indirectly; size of 
effect is small or lacks 
clinical significance 

Studied outcomes relate 
to the question indirectly; 
size of effect cannot be 
determined 

Generalizability 
to the U.S. 
population of 
interest 

Studied population, 
intervention and 
outcomes are free 
from serious doubts 
about 
generalizability 

Minor doubts about 
generalizability 

Serious doubts about 
generalizability due to 
narrow or different 
study population, 
intervention or 
outcomes studied 

Highly unlikely that the 
studied population, 
intervention AND/OR 
outcomes are 
generalizable to the 
population of interest 
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Table C.3. AMSTAR (Assessment of Multiple Systematic Reviews) Tool.
 
 

YES NO &DQ¶W 
Answer 

N/
A 

 

1 :DV�DQ�µD�SULRUL¶�GHVLJQ�SURYLGHG"
The research question and inclusion criteria should be established before the 
conduct of the review. 

2 Was there duplicate study selection and data extraction?
There should be at least two independent data extractors and a consensus
procedure for disagreements should be in place. 

3 Was a comprehensive literature search performed?
At least two electronic sources should be searched. The report must include years
and databases used (e.g. Central, EMBASE, and MEDLINE). Key words and/or
MESH terms must be stated and where feasible the search strategy should be
provided. All searches should be supplemented by consulting current contents, 
reviews, textbooks, specialized registers, or experts in the particular field of study, 
and by reviewing the references in the studies found. 

4 Was the status of publication (i.e. grey literature) used as an inclusion 
criterion? 
*The authors should state that they searched for reports regardless of their 
publication type. The authors should state whether or not they excluded any reports 
(from the systematic review), based on their publication status, language, etc. 

5 Was a list of studies (included and excluded) provided?
A list of included and excluded studies should be provided. 

6 Were the characteristics of the included studies provided?
In an aggregated form such as a table, data from the original studies should be
provided on the participants, interventions and outcomes. The ranges of
characteristics in all the studies analyzed e.g. age, race, sex, relevant
socioeconomic data, disease status, duration, severity, or other diseases should be
reported. 

7 Was the scientific quality of the included studies assessed and documented?
'A priori' methods of assessment should be provided (e.g., for effectiveness studies if 
the author(s) chose to include only randomized, double-blind, placebo controlled
studies, or allocation concealment as inclusion criteria); for other types of studies 
alternative items will be relevant. 

8 Was the scientific quality of the included studies used appropriately in 
formulating conclusions?
The results of the methodological rigor and scientific quality should be considered
in the analysis and the conclusions of the review, and explicitly stated in
formulating recommendations. 

9 Were the methods used to combine the findings of studies appropriate?
*For the pooled results, a test should be done to ensure the studies were
combinable, to assess their homogeneity (i.e. Chisquared test for homogeneity, I2).
If heterogeneity exists a random effects model should be used and/or the clinical
appropriateness of combining should be taken into consideration (i.e. is it sensible 
to combine?). 

10 Was the likelihood of publication bias assessed?
An assessment of publication bias should include a combination of graphical aids
(e.g., funnel plot, other available tests) and/or statistical tests (e.g., Egger 
regression test). 

11 Was the conflict of interest stated? 
Potential sources of support should be clearly acknowledged in both the systematic
review and the included studies. 

* The guidance for answering this question was adapted for the 2015 Dietary Guidelines Advisory Committee. 
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Table C.4. Strength of Evidence terminology to support a conclusion statement when a question is answered with 
existing reports. 

Strong 

The conclusion statement is substantiated by a large, high quality, and/or consistent body 
of evidence that directly addresses the question. There is a high level of certainty that the 
conclusion is generalizable to the population of interest, and it is unlikely to change if 
new evidence emerges. 

Moderate 

The conclusion statement is substantiated by sufficient evidence, but the level of 
certainty is restricted by limitations in the evidence, such as the amount of evidence 
available, inconsistencies in findings, or methodological or generalizability concerns. If 
new evidence emerges, there could be modifications to the conclusion statement. 

Limited 

The conclusion statement is substantiated by insufficient evidence, and the level of 
certainty is seriously restricted by limitations in the evidence, such as the amount of 
evidence available, inconsistencies in findings, or methodological or generalizabilty 
concerns. If new evidence emerges, there could likely be modifications to the conclusion 
statement.  

Grade not 
assignable 

A conclusion statement cannot be drawn due to a lack of evidence, or the availability of 
evidence that has serious methodological concerns.  
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3DUW�'��&KDSWHU����)RRG�DQG�1XWULHQW�
,QWDNHV��DQG�+HDOWK��&XUUHQW�6WDWXV�DQG� 
7UHQGV 

,1752'8&7,21� 

Humans require a wide range of essential 
micronutrients and macronutrients for normal growth 
and development and to support healthy aging 
throughout the life cycle. Essential nutrients, including 
most vitamins, minerals, amino acids and fatty acids, 
water and fiber, must be obtained through foods and 
beverages because they cannot for the most part be 
endogenously synthesized, or are not endogenously 
synthesized in adequate amounts to meet recommended 
intakes. Understanding the extent to which the U.S. 
population and various age, sex, and racial/ethnic 
groups within the population achieve nutrient intake 
requirements through available food and beverage 
intake, including foods and beverages
 that are 
enriched or fortified, is an important task of the DGAC. 
Notably, the DGAC considers that the primary source 
of nutrients should come from foods and beverages. 
Nutrient-dense forms of foods (those providing 
substantial amounts of vitamins, minerals and other 
nutrients and relatively few calories) are recommended 
to ensure optimal nutrient intake without exceeding 
calorie intake or reaching excess or potentially toxic 
levels of certain nutrients. 

In the process of evaluating adequacy of nutrient intake 
of the U.S. population, the DGAC identified two levels 
RI�³1XWULHQWV�RI Concern.´ Shortfall nutrients are those 
that may be underconsumed relative to the Estimated 
Average Requirement (EAR) or Adequate Intake (AI). 
Overconsumed nutrients are those that are consumed in 
amounts above the Tolerable Upper Limit of Intake 
(UL)1 or other nationally recognized standards.2 

Nutrients of Public Health Concern were those shortfall 
or overconsumed nutrients that also had evidence of 
under- or overconsumption through biochemical 
nutritional status indicators3 plus evidence that the 
nutrient inadequacy or nutrient excess is directly 


 Note: The DGAC considered foods and beverages in its 
review of intake data. Throughout this chapter, references to 
³IRRGV´�VKRXOG�EH�WDNHQ�WR�PHDQ�³IRRGV�DQG�EHYHUDJHV�´ 

related to a specific health condition. This information 
is critical in determining where dietary intake 
improvements may be warranted that will benefit the 
health of the population. The 2015 DGAC recognizes 
that the 2010 DGAC specifically addressed whether or 
not multivitamins provided health benefits. The 2015 
DGAC did not specifically address multivitamins, but 
recognizes that some dietary supplements may be 
recommended for some populations or life-cycle 
phases (pregnancy, for example). 

In addition, many foods contain constituents that 
enable them to be produced, preserved, and thus widely 
available year round. Some of these ingredients, such 
as sodium, are used to make foods shelf stable and can 
help ensure food availability and food security for the 
population as a whole.4 Other ingredients, such as 
added sugars, are used as a food preservative and to 
enhance palatability. Despite the functional nature of 
both sodium and added sugars in the food supply, 
excess consumption of these dietary constituents poses 
potential health risks and was of particular concern to 
the DGAC. This chapter reviews data on intakes of 
sodium, added sugars and saturated fat; other chapters 
consider sodium, added sugars, and saturated fat from 
additional perspectives (see Part D. Chapter 6: Cross-
Cutting Topics of Public Health Importance)
including health outcomes. The food supply also 
contains ingredients that are both naturally occurring 
and also added to foods and beverages, such as 
caffeine, that have generated considerable attention in 
recent years. This chapter examines intake levels across 
age and sex groups of the U.S. population; Part D. 
Chapter 5: Food Sustainability and Safety considers 
several safety aspects of caffeine consumption. 

The U.S. food supply is complex. Tens of thousands of 
foods and food products are available in a variety of 
forms. Some foods are whole foods that are often eaten 
alone without additions, such as fruit and milk, while 
others, such as sandwiches and mixed dishes, are 
mixtures of multiple components from more than one 
food group. 
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The DGAC recognizes the importance of 
understanding the totality of food and beverage intake 
at the level of food groups and basic ingredients (e.g., 
fruits, vegetables, whole grains, refined grains, dairy, 
protein foods), as well as at the level of foods as they 
are typically consumed, called food categories (e.g., 
pizza, pasta dishes, burgers, sandwiches) and how these 
contribute to nutrient adequacy or nutrient excess. To 
better understand current food intakes of the U.S. 
population, the Committee reviewed data on several 
issues, such as which of these food groups (e.g., refined 
grains) and food categories (e.g., sandwiches, 
beverages, snacks and sweets) contribute the most 
energy (calories), sodium, and saturated fat.  

Understanding the totality of food and beverage intake 
also involved acknowledging that individuals purchase 
and procure food in a diverse array of locations, 
including large grocery stores, convenience stores, 
schools, the workplace, quick-serve restaurants, and 
sit-down restaurants. The DGAC examined the diet 
quality of the foods and meals at each major 
procurement point, as it is important to understand not 
only where foods are purchased or obtained, but also 
the extent to which they contribute to the overall 
nutritional adequacy and nutritional quality of the diet. 
This information may be relevant to guidance for 
federal nutrition programs. The DGAC also considered 
the diet quality of foods prepared and purchased at 
places such as supermarkets, but consumed at home. 
For example, many supermarkets have salad bars and 
hot food bars, but these foods are then consumed at 
home. However, on examination, it was determined 
that these types of data were not available. The DGAC 
also examined eating behaviors, such as meal skipping 
and identifying which nutrients and how much energy 
are consumed at specific eating occasions and 
locations, because an understanding of these behaviors 
can help inform public policy and population, as well 
as individual guidance. 

The DGAC considered the composition of dietary 
patterns that were found to be linked to health 
outcomes in Part D. Chapter 2: Dietary Patterns, 
Foods and Nutrients, and Health Outcomes. 
Understanding the characteristics of diets characterized 
DV�³Healthy U�6�´�RU�³0HGLWHUUDQHDQ-VW\OH´�GLHWDU\� 
patterns and other patterns found to have health 
benefits will provide specific, healthful food and 
beverage-based guidance for the U.S. population. 
These patterns are defined using dietary 

quality/adherence indices, (e.g., Healthy Eating Index 
[HEI]), based upon data-driven approaches (e.g., 
cluster or factor analysis), or may be self-identified 
patterns (e.g., vegetarian).  

To address the issues described above, the DGAC 
presents the current status and trends in nutrient, food, 
food group, and food category intakes, and describes 
major sources of energy, sodium, added sugar, and 
saturated fat, and dietary pattern intake among 
representative samples of the U.S. population from the 
National Health and Nutrition Examination Survey 
(NHANES) What We Eat in America (WWEIA) 
dietary survey.5 We also describe eating behaviors, 
such as number of meals per day, diet quality of foods, 
location of food purchase and consumption and diet 
quality of foods based on location where the food was 
purchased or consumed.  

Finally, we describe the prevalence of diet-related 
health outcomes in the U.S. population, including 
obesity, diabetes, cardiovascular diseases, certain 
cancers, osteoporosis, congenital anomalies and 
psychological health (including mental health), and 
QHXURORJLFDO�LOOQHVV��VXFK�DV�$O]KHLPHU¶V�'LVHDVH���7KH�
examination of diet-related health outcomes was more 
extensive than in earlier DGAC reports. The high rates 
of the chronic conditions and the presence of other less 
common, but important diet-related health problems, 
provided compelling reasons to study them in greater 
detail. These data provide a backdrop for other 
chapters, particularly those which examine the strength 
of associations between diet and health outcomes (Part 
D. Chapter 2: Dietary Patterns, Foods and Nutrients,
and Health Outcomes) and methods for improving 
disease risk outcomes and improving health at 
individual (Part D. Chapter 2: Dietary Patterns,
Foods and Nutrients, and Health Outcomes and Part 
D. Chapter 3: Individual Diet and Physical Activity 
Behavior Change) and population levels (Part D. 
Chapter 4: Food Environment and Settings). 

One of the overarching motivations for this broad 
examination of nutrient intake, food group and food 
category intake, and food purchase location is to better 
understand the relationship of food intake (both 
inadequacy and excess) and the food environment to 
nutrition-related health conditions. This comprehensive 
evaluation of food and nutrient intakes by the U.S. 
population (and various subgroups) along with the food 
and eating environment enables the consideration of 
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factors on a broad scale that may facilitate behavior 
change and adoption of healthy eating practices in the 
population at large. Taken together, these dimensions 
of our analysis inform the remaining chapters in the 
report, which, will provide the contextual and scientific 
foundation for the 2015 Dietary Guidelines for 
Americans. 

/,67�2)�48(67,216� 

Nutrient Intake and Nutrients of Concern 

1.		 What are current consumption patterns of nutrients 
from foods and beverages by the U.S. population? 

2.		 Of the nutrients that are underconsumed or 
overconsumed, including over the Tolerable Upper 
Limit of Intake (UL), which present a substantial 
public health concern? 
a.		 What would be the effect on food choices and 

overall nutrient adequacy of limiting saturated 
fatty acids to 6 percent of total calories by 
substituting mono- and polyunsaturated fatty 
acids? 

3.		 Is there evidence of overconsumption of any 
micronutrients from consumption of fortified foods 
and supplements? 

4.		 What is the level of caffeine intake derived from 
foods and beverages on the basis of Institute of 
Medicine (IOM) Dietary Reference Intakes age and 
sex categories in the U.S. population? 

5.		 How well do updated USDA Food Patterns meet 
IOM Dietary Reference Intakes and 2010 Dietary 
Guidelines recommendations? How do the 
recommended amounts of food groups compare to 
current distributions of usual intakes for the U.S. 
population? 
a.		 How well do the USDA Food Patterns meet the 

nutritional needs of children 2 to 5 years of age 
and how do the recommended amounts 
compare to their current intakes? Given the 
relatively small empty calorie limit for this age 
group, how much flexibility is possible in food 
choices? 

6.		 Can vitamin D Estimated Average Requirements 
(EARs) and/or Recommended Dietary Allowances 
(RDAs) be met with careful food choices following 
recommended amounts from each food group in 
the USDA Food Patterns? How restricted would 
food choices be, and how much of the vitamin D 

would need to come from fortified dairy and other 
food products? 

Food Groups ² Current Intakes and Trends 

7.		 What are current consumption patterns of USDA 
Food Pattern food groups by the U.S. population? 
a.		 What is the contribution of whole grain foods, 

fruits and vegetables, and other food groups to 
(1) total fiber intake and (2) total nutrient 
intake in the USDA Food Patterns? What is the 
contribution of fruit and vegetables to current 
nutrient intake (focus on nutrients of concern, 
including fiber)? 

b.		 What would be the impact on the adequacy of 
the patterns if (1) no dairy foods were 
consumed, (2) if calcium was obtained from 
nondairy sources (including fortified foods), 
and (3) if the proportions of milk and yogurt to 
cheese were modified? What is the relationship 
between changes in types of beverages 
consumed (milk compared with sugar-
sweetened beverages) and diet quality? 

8.		 What are the trends in USDA Food Pattern food 
group consumption by the U.S. population? 

Food Categories ² Current Intakes and 
Sources of Energy, Nutrient, and Food Group 
Intakes 

9.		 What are the current consumption patterns by food 
categories (i.e., foods as consumed) by the U.S. 
population? 

10. What are the top foods contributing to energy 
intake by the U.S. population? 

11. What are the top foods contributing to sodium, 
saturated fat, and added sugars intake by the U.S. 
population? 
a.		 What is the current contribution of fruit 

products with added sugars to intake of added 
sugars?  

b.		 What is the current contribution of vegetable 
products with added sodium to intake of 
sodium? 

c.		 What is the current contribution of refined 
grains to intake of added sugars, saturated fat, 
some forms of polyunsaturated fat, and 
sodium? 

d.		 What are the sources of caffeine from foods 
and beverages on the basis of age and sex 
subgroups? 
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12. What is the contribution of beverage types to 
energy intake by the U.S. population? 

Eating Behaviors ² Current Status and Trends 

13. What are the current status and trends in the 
number of daily eating occasions and frequency of 
meal skipping? How do diet quality and energy 
content vary based on eating occasion? 

14. What are the current status and trends in the 
location of meal and snack consumption and 
sources of food and beverages consumed at home 
and away from home? How do diet quality and 
energy content vary based on the food and 
beverage source? 

Prevalence of Health Conditions and Trends 

15. What is the current prevalence of 
overweight/obesity and distribution of body 
weight, body mass index (BMI) and abdominal 
obesity in the U.S. population and in specific age, 
sex, race/ethnicity and income groups? What are 
the trends in prevalence? 

16. What is the relative prevalence of metabolic and 
cardiovascular risk factors (i.e., blood pressure, 
blood lipids, and diabetes) by BMI/waist 
circumference in the U.S. population and specific 
population groups? 

17. What are the current rates of nutrition-related 
health outcomes (i.e., incidence of and mortality 
from cancer [breast, lung, colorectal and prostate] 
and prevalence of cardiovascular disease (CVD), 
high blood pressure, diabetes, bone health, 
congenital anomalies, and neurological and 
psychological illness) in the overall U.S. 
population? 

Dietary Patterns Composition 

18. What is the composition of dietary patterns with 
evidence of positive health outcomes (e.g., 
Mediterranean-style patterns, Dietary Approaches 
to Stop Hypertension (DASH)-style patterns, 
patterns that closely align with the Healthy Eating 
Index, and vegetarian patterns) and of patterns 
commonly consumed in the United States? What 
are the similarities (and differences) within and 
among the dietary patterns with evidence of 
positive health outcomes and the commonly 
consumed dietary patterns? 

19. To what extent does the U.S. population consume a 
dietary pattern that is similar to those observed to 
have positive health benefits (e.g., Mediterranean-
style patterns, Dietary Approaches to Stop 
Hypertension (DASH)-style patterns, patterns that 
closely align with the Healthy Eating Index, and 
vegetarian patterns) overall and by age/sex and 
race/ethnic groups? 

20. Using the Food Pattern Modeling process, can 
healthy eating patterns for vegetarians and for 
those who want to follow a Mediterranean-style 
dietary pattern be developed? How do these 
patterns differ from the USDA Food Patterns 
previously updated for use by the 2015 DGAC? 

0(7+2'2/2*<� 

To address questions on the current status and trends in 
food and nutrient intakes, the prevalence of diet-related 
chronic diseases in the U.S. population, and the 
composition of healthful dietary patterns, the DGAC 
relied on analysis of data from several sources and food 
pattern modeling analyses. Many of the questions 
relied on analysis of data from What We Eat in 
America (WWEIA), the dietary component of the 
National Health and Nutrition Examination Survey 
(NHANES), using either existing data tables or new 
analyses conducted by the Data Analysis Team (DAT) 
upon request of the DGAC (see Part C. Methodology, 
Data Analyses section, and Appendix E-4: NHANES 
Data Used in DGAC Data Analyses). Existing data 
tables were used when available to answer questions 
about nutrient intake, food group intake, and meal and 
snack consumption. In some cases, new analyses were 
conducted by DAT agencies to provide additional 
information on food or nutrient intake, for example, by 
specific population groups, such as pregnant women, or 
information on potential overconsumption of nutrients 
when supplement intake is considered. New 
WWEIA/NHANES data analyses also were used to 
answer questions about food category intakes, the 
energy content and nutrient density of foods by point of 
purchase and location of consumption, and the food 
choices of self-identified vegetarians. 

Data from the U.S. Centers for Disease Control and 
Prevention (CDC) NHANES data tables and from the 
peer-reviewed literature, also were the source of 
information on prevalence of health conditions, 
including body weight status, lipid profiles, high blood 
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pressure, and diabetes. In addition, NHANES data on 
biochemical indicators of diet and nutrition in the U.S. 
population were used to help determine nutrients that 
may be of public health concern. To supplement data 
from NHANES, additional data sources were drawn 
upon to answer questions on the prevalence of health 
conditions, including the National Health Interview 
Survey, WKH�1DWLRQDO�&DQFHU�,QVWLWXWH¶V�6XUYHLOODQFH�
Epidemiology and End Results (SEER) cancer registry 
statistics, SEARCH for Diabetes in Youth Study 
(SEARCH), and heart disease and stroke statistics from 
the 2014 report of the American Heart Association.6 

Some of the questions posed by the DGAC were best 
addressed by Food Pattern Modeling (see Part C. 
Methodology, Special Analyses Using the USDA Food 
Patterns section). These included questions about the 
nutrient adequacy of the USDA Food Patterns, 
modifications of the patterns for specific population 
groups or to meet specific nutrient targets, and the 
nutrients provided by various food groups in the 
Patterns. In some cases, questions could be answered 
with modeling analyses that had been conducted for the 
2005 or 2010 DGACs, and so the results of these 
analyses were brought forward. The modeling process 
also was used to develop new USDA Food Patterns 
based on different types of evidence: Healthy 
Vegetarian Patterns that take into account food choices 
of self-identified vegetarians, and Healthy 
Mediterranean-style Patterns that take into account 
food group intakes from studies using a Med-diet index 
to assess dietary patterns. The latter were compiled and 
summarized to answer the questions addressed on 
dietary patterns composition. The food group content 
of dietary patterns reviewed by the DGAC and found to 
have health benefits formed the basis for answering 
these questions. WWEIA food group intakes and 
USDA Food Pattern recommendations were compared 
with the food group intake data from the healthy 
dietary patterns as part of the answer for these 
questions. 

The DGAC took the strengths and limitations of data 
analyses into account in formulating conclusion 
statements. The grading rubric used for questions 
answered using NEL systematic reviews do not apply 
to questions answered using data analyses. Therefore, 
these conclusions were not graded. 

1875,(17�,17$.(�$1'�1875,(176�2)�
&21&(51� 

An overarching premise of the DGAC is that the 
Dietary Guidelines for Americans should provide food-
based guidance for obtaining the nutrients needed for 
optimal reproductive health, growth and development, 
healthy aging, and well-being across the lifespan (ages 
2 years and older). Specific nutrient intake 
requirements are established for each sex and life-stage 
group by the Food and Nutrition Board of the Institute 
of Medicine7 and as such, this DGAC report did not 
reevaluate IOM recommendations or make independent 
specific nutrient recommendations. Rather, the DGAC 
reviewed nutrient intake and biochemical measures of 
nutritional status and potential nutrient-related health 
outcomes to identLI\�³VKRUWIDOO�QXWULHQWV´�DQG� 
³RYHUFRQVXPHG�QXWULHQWV´��DQG�WKHQ�GHWHUPLQHG� 
whether these nutrients should be designated as 
³QXWULHQWV�RI�SXEOLF�KHDOWK�FRQFHUQ.´� 

³6KRUWIDOO�QXWULHQWV´�DUH�WKRVH�WKDW�PD\�EH� 
underconsumed either across the population or in 
specific groups relative to IOM-based standards, such 
as the Estimated Average Requirement (EAR) or the 
Adequate Intake (AI). The EAR is the best measure of 
population adequacy of nutrient intake as it is ³WKH� 
average daily intake level estimated to meet the 
requirement of half of the healthy individuals in a 
particular life stage and gender group.´7 p.3 The EAR is 
used to estimate the prevalence of inadequate intakes 
ZLWKLQ�D�JURXS��7KH�$,�LV�³D�UHFRPPHQGHG�DYHUDJH� 
daily nutrient intake level based on observed or 
experimentally determined approximations or estimates 
of nutrient intake by a group (or groups) of apparently 
healthy people that are assumed to be adequate²used 
whHQ�DQ�5'$�FDQQRW�EH�GHWHUPLQHG�´7 p.3 A high 
prevalence of inadequate intake either across the U.S. 
population or in specific groups constitutes a shortfall 
nutrient. 

Overconsumed nutrients are those that may be 
overconsumed either across the population or in 
specific groups related to IOM-based standards such as 
the Tolerable Upper Limit of Intake (UL) or other 
expert group standards. A high prevalence of excess 
intake either across the U.S. population or in a specific 
group constitutes an overconsumed nutrient. 

2015 Dietary Guidelines Advisory Committee Report 51 



 
 

  
 

 
 

 
  

  
 

 

 
  

 

 

 
 

 

 
 

 

 

 
 

 

 
 

    

  
 

 

 

  
 

 
 

 

 

 

  

 
 

   

³1XWULHQWV�RI�FRQFHUQ´ are those nutrients that may 
pose a substantial public health concern and the DGAC 
divided them into two categories²those of concern 
due to overconsumption and those of concern due to 
underconsumption. To be identified as a nutrient of 
concern, the DGAC used the totality of evidence, 
evaluating data on nutrient intake and corroborating it 
with biochemical markers of nutritional status, where 
available, and evidence for associations with health 
outcomes to establish nutrients of concern. 

Designation as a nutrient of concern for either under-
or overconsumption is intended to communicate some 
level of risk for which the U.S. population may need to 
modify eating habits. Dietary guidance can then be 
formulated to assist individuals in increasing or 
decreasing nutrients that are under- or overconsumed. 

Question 1: What are current consumption 
patterns of nutrients from foods and 
beverages by the U.S. population? 

Source of evidence: Data analysis 

Conclusion 

Nutrient intake data from a representative sample of the 
U.S. population ages 2 years and older indicate that: 
vitamin A, vitamin D, vitamin E, folate, vitamin C, 
calcium, and magnesium are underconsumed relative to 
the EAR. Iron is underconsumed by adolescent and 
premenopausal females, including women who are 
pregnant. Potassium and fiber are underconsumed 
relative to the AI. Sodium and saturated fat are 
overconsumed relative to the UL or other standards for 
maximal intake. 

Implications 

A dietary pattern emphasizing a variety of nutrient-
dense foods will help shift individual and population 
consumption toward recommended intake levels for 
nutrients of public health concern. 

The U.S. population should increase consumption of 
foods rich in vitamin A, vitamin D, vitamin E, folate, 
vitamin C, calcium, and magnesium. Adolescent and 
premenopausal females should increase consumption 
of foods rich in iron. Heme iron from lean meats is 
highly bioavailable, hence, an excellent source.8 A diet 
emphasizing a variety of nutrient-dense foods will help 

shift consumption toward the recommended intake 
levels of these shortfall nutrients. The U.S. population 
should increase consumption of foods rich in potassium 
and fiber. A diet emphasizing a variety of nutrient-
dense foods will help ensure optimal intake of these 
shortfall nutrients. In particular, fruit, vegetables and 
whole grains are excellent sources of vitamin A, C, 
folate, fiber, magnesium and potassium. The U.S. 
population should make concerted and focused efforts 
to decrease consumption of sodium and saturated fat. 

The USDA Food Patterns provide guidance for 
consumption of a nutrient-dense, energy-balanced diet. 
Implementation of eating a healthy diet that is energy 
balanced while providing sufficient intake of shortfall 
nutrients without exceeding intake of overconsumed 
nutrients can be achieved through a variety of 
successful behavioral approaches as described in Part 
D. Chapter 3: Individual Diet and Physical Activity 
Behavior Change. Environmental and policy 
approaches are also important in helping the U.S. 
population achieve a healthy diet (see also Part D. 
Chapter 4: Food Environment and Settings). Federal 
nutrition assistance programs are a key aspect of 
providing critical nutrients for growth, development 
and long-term health for children, those with limited 
income and older Americans. 

Review of the Evidence 

To determine nutritional adequacy, the DGAC used 
2007-2010 NHANES/WWEIA data to examine the 
intake distributions for 11 vitamins (vitamin A, vitamin 
B6, vitamin B12, vitamin C, vitamin D, vitamin E, 
vitamin K, folate, thiamin, niacin, and riboflavin), nine 
minerals (calcium, copper, iron, magnesium, 
phosphorous, potassium, selenium, sodium, and zinc), 
energy, macronutrients (total fat, saturated fat, 
polyunsaturated fat [including 18:2 and 18:3], protein, 
carbohydrate), and other compounds or components 
(fiber, carotenoids [alpha-carotene, beta-carotene, 
lycopene, lutein + zeaxanthin], caffeine, cholesterol, 
and choline) (see Appendix E-2.1: Usual intake 
distributions, 2007-2010, by age/sex groups). The 
DGAC compared the intake estimates across the 
population age distribution to the Dietary Reference 
Intakes. The committee used data from foods and 
beverages as well as foods and beverages plus dietary 
supplements when supplement data were available. For 
nutrients with an EAR, the DGAC considered shortfall 
nutrients to be those where a substantial proportion of 
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either the total population or specific age and sex 
subgroups had intake estimates below the EAR. 
Although multiple approaches can be used to estimate 
the prevalence of nutrient inadequacy in a population, 
the DGAC used the EAR cut point method.7 Figure 
D1.1 shows the percent of the U.S. population with 
usual intakes below the EAR. From Figure D1.1, the 
DGAC determined that vitamin D, vitamin E, 
magnesium, calcium, vitamin A and vitamin C were 
shortfall nutrients and that there may be a high 
prevalence of inadequate dietary intake of these 
nutrients.  

Of the nutrients with an AI (vitamin K, choline, dietary 
fiber, and potassium), the DGAC determined that a low 
proportion of the population had fiber and potassium 
intakes above the AI and so potassium and fiber were 
therefore considered to be underconsumed (Figure 
D1.2).  

Sodium and saturated fat were examined as potentially 
overconsumed nutrients in relation to the UL (for 
sodium), and the maximum level from the 2010 
Dietary Guidelines of less than 10 percent of calories 
from saturated fat (for saturated fat). From 63 percent 
to 91 percent of females and 81 percent to 97 percent 
of males consumed more than the UL for sodium 
(Figure D1.3). From 67 percent to 92 percent of 
females and from 57 percent to 84 percent of males 
consumed more than 10 percent of calories from 
saturated fat (Figure D1.4). Therefore, sodium and 
saturated fat were both determined to be overconsumed 
by the U.S. population (see Appendix E-2.1: Usual 
intake distributions, 2007-2010, by age/sex groups and 
Appendix E-2.2: Usual intake distributions as a 
percent of energy for fatty acids and macronutrients, 
2007-2010, by age/sex groups). 
Figure D1.4. 

The DGAC examined population intakes of specific 
nutrients by age, sex, race/ethnicity, pregnancy status, 
and acculturation status.  

$JH�DQG�6H[�
In addition to the age groups shown in Figures D1.1 
and D1.2, the DGAC was interested in understanding 
the intake of shortfall nutrients in older adults (71 to 79 
years and 80 years and older). Calcium intake from 
foods and beverages did not meet the EAR for older 
persons, where 71 percent of males and 81 percent of 
females ages 71 years and older had intakes below the 

EAR. For these analyses calcium from dietary 
supplements was also considered. When total intake of 
foods + beverage + dietary supplements containing 
calcium was considered, then the proportion of the 
older adults below the EAR improved to 55 percent for 
men and 49 percent for women over the age of 71 
years. For vitamin D intakes from food and beverages 
only, about 93 percent of older males and more than 97 
percent of older females had intakes below the EAR. 
Similar to the findings for calcium, intakes improved 
when considering total intake from foods and 
beverages plus dietary supplements. The proportion of 
older adults below the EAR dropped to 52 percent for 
both males and females older than 71 years. 

Fiber was a shortfall nutrient for older adults, where 
only 4 percent of men and 13 percent of women had a 
dietary intake of fiber above the AI. Potassium also 
was a shortfall nutrient for both older males and 
females, where less than 3 percent of both groups had 
intakes above the AI. Use of dietary supplements 
containing potassium did not change the proportion of 
the older adults with intakes above the AI. 

Protein was not identified as a shortfall nutrient for the 
overall older adult population but it should be noted 
that 6 percent of men older than 80 years and 11 
percent of women older than 80 years old had protein 
intakes that were below the protein EAR (g/kg/body 
weight). 

The sample size for the older participants in WWEIA 
2007-2010 is small compared to other age groupings in 
the survey sample and despite the excellent population 
weights used in the WWEIA dataset, the estimates 
should be viewed with caution because of the limited 
sample (see Appendix E-2.3 Usual nutrient intakes for 
individuals age 71 years and older). 

5DFH�(WKQLFLW\�
The DGAC examined the shortfall nutrients by 
race/ethnicity using the following groups: non-
Hispanic white, non-Hispanic Black, Mexican-
American, and all Hispanic combined (other 
race/ethnic subgroups not available). For certain 
shortfall nutrients, non-Hispanic whites have the 
highest intakes. These include vitamin A, vitamin E, 
magnesium, folate, iron, potassium, vitamin D, and 
calcium. Mexican-Americans have the highest intakes 
of fiber, while all Hispanics combined have the highest 
intakes of vitamin C. Non-Hispanic Blacks have the 
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lowest intake for most of the shortfall nutrients (Table 
D1.1). We note that evaluation of intakes relative to the 
EAR or AI are the most appropriate for assessment of 
populations, instead of the mean intakes, but for the 
race/ethnicity groups, only the mean data are available. 

3UHJQDQF\� 
Many of the shortfall nutrients in the general 
population also were shortfall nutrients among women 
who are pregnant. Among this group, 26 percent were 
below the EAR for vitamin A intake and 30 percent 
had vitamin C intakes below the EAR. For vitamin D, 
90 percent had intakes below the EAR and for vitamin 
E, 94 percent had intakes below the EAR. Calcium 
intake was also low, where 24 percent had intakes 
below the EAR, and for folate, 29 percent had intakes 
below the EAR. Notably, 96 percent of women who 
were pregnant had iron intakes below the EAR (Table 
D1.2 and Appendix E-2.4: Usual intake distributions,
2007-2010, for pregnant and non-pregnant women in
the U.S. ages 19-50 years). 

Fiber was a shortfall nutrient for women who were 
pregnant, as only 8 percent had fiber intakes above the 
AI. For potassium only 3 percent had intakes above the 
AI (Table D1.2). 

It is important to note that the sample size for women 
who were pregnant in WWEIA 2007-2010 is very 
small (n=133 respondents), so the estimates should be 
interpreted with caution and the generalizability of the 
data to all women in the United States who were 
pregnant is limited. 

$FFXOWXUDWLRQ� 
The U.S. population is highly diverse in terms of race, 
ethnicity, and cultural origin. Many people immigrate 
to the United States from all over the world and each 
comes with distinct dietary habits and cultural beliefs 
about food and food patterns.9 Acculturation is defined 
as the process by which immigrants adopt the attitudes, 
values, customs, beliefs, and behaviors of a new 
culture. Acculturation is the gradual exchange between 
LPPLJUDQWV¶�RULJLQDO�DWWLWXGHV�DQG�EHKDYLRU�DQG�WKRVH�
of the host culture. 10, 11 The DGAC appreciates that 
many immigrants have difficulties purchasing and 
preparing foods familiar to them either because the 
ingredients are not available or the ingredients may be 
too expensive. A large and growing body of research 
VXJJHVWV�WKDW�WKH�H[WHQW�RI�DQ�LQGLYLGXDO�RU�IDPLO\¶V�
acculturation status may be a predictor of dietary intake 

and that together, diet and acculturation status may 
influence health status or disease risk.9, 10, 12, 13 For this 
reason, the DGAC felt it was important to examine 
dietary intake by acculturation status, particularly for 
shortfall nutrients and nutrients of concern. Additional 
information on acculturation and diet appears in Part 
D. Chapter 3: Individual Diet and Physical Activity 
Behavior Change. 

NHANES collects data on some of the variables that 
can be used to create an acculturation variable, 
including whether respondents were born outside the 
United States in a Spanish-speaking country or born 
outside the United States in a non-Spanish speaking 
country, their race/ethnicity, and number of years they 
have resided in the United States.14 Upon reviewing the 
data, however, the DGAC found that the sample size 
was far too small to create meaningful variables to 
LQGLFDWH�³ORZ�DFFXOWXUDWLRQ�VWDWXV´�RU�³KLJK� 
acculturation status.´�7KH�'*$&�YLHZV�WKLV�ODFN�RI� 
ability to analyze the WWEIA data by acculturation 
status as a limitation of the available data. It is a very 
important area that needs further research, particularly 
when informing nutrition programs for new residents 
of the United States. 

)RRG�,QVHFXULW\�6WDWXV�
Readers are referred to Part D. Chapter 3: Individual 
Diet and Physical Activity Behavior Change and Part 
D. Chapter 5: Food Sustainability and Safety for more 
detailed discussions of food insecurity and food 
security issues. For this section of the report, the 
DGAC determined that it was important to evaluate 
nutrient intake, particularly for the shortfall nutrients 
by income status, which can be a marker of food 
insecurity. For these data analyses, we used the 
standard cutpoints of less than 131 percent of the 
poverty index, 131 to 185 percent of the poverty index 
and more than 185 percent of the poverty index and 
examined calcium, potassium, fiber and vitamin D 
(Table D1.3). In general, respondents (all ages 2 years 
and older) from households with higher income (more 
than 185 percent of the poverty index) had higher 
intakes of calcium, potassium, fiber, and vitamin D. 
Notably, in some of the very young age groups (2 to 5 
years), intakes of potassium, fiber, and vitamin D were 
comparable across income groups, while calcium was 
highest in those coming from households at the 131 to 
185 percent of the poverty index ratio. It may be that 
many of the households of lower income with small 
children are receiving important benefits from federal 
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nutrition assistance programs, which could be helping 
to generate comparability in the intake of shortfall 
nutrients across the income groups. 

For additional details on this body of evidence, visit: 

x	 Appendix E-2.1: Usual intake distributions, 2007­
2010, by age/sex groups 

x	 Appendix E-2.2: Usual intake distributions as a 
percent of energy for fatty acids and 
macronutrients, 2007-2010, by age/sex groups 

x Appendix E-2.3: Usual intakes for individuals age 
71 and older 

x Appendix E-2.4: Usual intake distributions, 2007­
2010, for pregnant and non-pregnant women in the 
U.S. ages 19-50 years 

x	 Mean intake of nutrients, 2003-2004, 2005-2006, 
2007-2008, and 2009-2010, by race/ethnicity and 
by percent of the poverty threshold. Available 
from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid=
18349

 
. 

x	 Usual intake of selected nutrients, 2001-2002, 
2003-2006, or 2005-2006, by age/sex groups. 
Available from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
22659. 

Question 2: Of the nutrients that are 
underconsumed or overconsumed, including 
over the Tolerable Upper Limit of Intake (UL), 
which present a substantial public health 
concern? 

Source of evidence: Data analysis 

Conclusion 

Nutrient intake data, together with nutritional 
biomarker and health outcomes data indicate that 
vitamin D, calcium, potassium, and fiber are 
underconsumed and may pose a public health concern. 
Iron also is a nutrient of public health concern for 
adolescent and premenopausal females. 

Nutrient intake data, together with nutritional 
biomarker and health outcomes data indicate that 
sodium and saturated fat are overconsumed and may 
pose a public health concern. 

Implications 

The DGAC recommends that strategies be developed 
and implemented at both the individual and the 
population level to improve intake of nutrients of 
public health concern. 

Review of the Evidence 

These conclusions were reached using a 3-pronged 
approach, including analysis of data from What We Eat 
in America, NHANES dietary survey (2007-2010) (see
Appendix E-2.1: Usual intake distributions, 2007­
2010, by age/sex groups), the Second National Report 
on Biochemical Indices of Diet and Nutrition in the 
U.S. Population, Centers for Disease Control and 
Prevention, 2012,3 and data on the prevalence of health 
conditions, from the CDC. The DGAC used the totality 
of evidence from these sources. 

1XWULHQWV�RI�&RQFHUQ�IRU�8QGHUFRQVXPSWLRQ� 
Vitamin D²Vitamin D is unequivocally essential for 
skeletal health.15 The 2010 IOM report on Dietary 
Reference Intakes for calcium and vitamin D15 

established new DRIs for vitamin D based on 
established and consistent evLGHQFH�IRU�YLWDPLQ�'¶V�
role in skeletal health. Numerous other functions exist 
for vitamin D, including its role as a transcription 
factor for more than 200 genes, roles in apoptosis and 
cellular proliferation, and a growing body of evidence 
supporting vitDPLQ�'¶V�UROH�LQ�SUHYHQWLng cancer, 
cardiovascular disease, and other chronic diseases.16-25 

7KH�,20¶V�UDWLRQDOH�IRU�VHWWLQJ�WKH�'5,�ZDV�OLPLWHG�WR�
YLWDPLQ�'¶V�UROH�LQ�VNHOHWDO�KHDOWK, as the evidence for 
the other diseases was not sufficiently mature at the 
WLPH�RI�WKH�FRPPLWWHH¶V�HYLGHQFH�UHYLHZ��7KHUHIRUH��
any interpretations for vitamin D intake and its 
classification as a shortfall nutrient and a nutrient of 
public health concern are restricted to this role in 
skeletal health. Given the high prevalence of 
osteoporosis and low bone density, particularly in older 
women (see Question 17, on health conditions, below) 
DQG�GXH�WR�YLWDPLQ�'¶V�FULWLFDO�UROH�LQ�ERQH�KHDOWK��the 
Committee determined that vitamin D should be 
classified as an underconsumed nutrient of public 
health concern. 

Vitamin D can be obtained from the diet by consuming 
fluid milk and some milk products (e.g., some yogurts), 
fortified juices, finfish, fortified breakfast cereals and 
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some fortified grain products as well as dietary 
supplements (Table D1.5 and Appendix E-3.3: 
Meeting Vitamin D Recommended Intakes in USDA
Food Patterns). Vitamin D also is synthesized 
endogenously through cutaneous exposure to 
ultraviolet-B sunlight. The primary biomarker to assess 
vitamin D status is serum/plasma 25(OH)D 
concentrations. This biomarker represents dietary 
intake plus endogenous synthesis.  

Dietary intake of vitamin D in the United States is low 
and well below the EAR values (Figure D1.1) for all 
age and sex groups. In addition, independent evidence 
of nutrient shortfall comes from data demonstrating 
low serum/plasma 25-hydroxyvitamin D concentrations 
from the CDC biomarker data, particularly for young 
adults (ages 20 to 39 years), middle-aged adults (ages 
40 to 59 years), non-Hispanic Blacks, and Mexican-
Americans (Table D1.4). The correlation of dietary 
intake with the serum measures of 25-hydroxyvitamin 
D is modest. In addition to dietary intake, several 
factors predict serum concentrations of nutrients.19 The 
DGAC and other expert panels, including the IOM, 
acknowledge that while numerous variables, including 
sun exposure and endogenous synthesis, are strong 
predictors of serum vitamin D status, dietary intake of 
vitamin D is a critical contributor to vitamin D status.26, 

27 Further, while there is some degree of unexplained 
variation in serum/plasma 25-hydroxyvitamin D 
concentrations, the biomarker is still important for 
evaluating vitamin D inadequacy. Various statistical 
approaches have been used to evaluate and confirm 
population inadequacy using the biomarker data.28 Of 
note, the CDC biomarker data reviewed by the DGAC 
should be interpreted knowing that the NHANES 
Mobile Examination Clinics do not sample residents of 
northern climates in winter months due to variable 
sunshine exposure and the possibility that high levels 
of sunshine exposure may be overrepresented in 
NHANES. In other words, higher values in the dataset 
may be overrepresented due to the summer blood 
draws, when 25-OHD tends to be higher from sun 
exposure and deficiencies may be 
underrepresented.15p.471-473 

7KH�'*$&¶V�decision to classify vitamin D as a 
nutrient of concern is similar to the conclusion reached 
by the U.S. Food and Drug Administration (FDA), 
ZKLFK�GHVLJQDWHG�YLWDPLQ�'�DV�D�QXWULHQW�RI�³SXEOLc 
KHDOWK�VLJQLILFDQFH´�LQ�LWV�UHFHQW�UHYLHZ�RI�HYLGHQFH�LQ� 
publishing a Proposed Rule on the Nutrition Facts 

label.29 In addition, multiple national and international 
groups, including the American Academy of Pediatrics 
(AAP),30 the Endocrine Society31 and the National 
Osteoporosis Foundation32 have recommended that 
strategies to achieve the RDA or higher levels of 
vitamin D intake could include consumption of 
fortified foods, broadening the range of dairy products 
that are fortified, and consideration, in some cases, of 
the use of a vitamin D supplement or a multivitamin 
including vitamin D. Such a use is especially 
appropriate where sunshine exposure is more limited 
due to climate or sunblock use.  

Calcium²Calcium plays a major role in skeletal 
health and also is essential for proper functioning of the 
circulatory system, nerve transmission, muscle 
contractility, cell signaling pathways, and vascular 
integrity.15 Dietary calcium is obtained from fluid milk 
and milk products, fortified juices, and some plant 
foods, including soy and soy products and vegetables 
(see Table D1.6 and Appendix E-3.2: Food Group 
Contributions). However, the bioavailability of 
calcium from plant foods is lower than from animal 
foods, such as dairy. 

The DGAC reviewed the dietary intake data from 
WWEIA. Intakes of calcium were often far below the 
EAR, especially among adolescent girls and adults 
(Figure D1.1). Even though a reliable biomarker for 
calcium does not exist, because of its strong link to 
health outcomes and the risks associated with 
osteoporosis (see Question 17 on health conditions, 
below), the DGAC designated calcium as a nutrient of 
public health concern for underconsumption. In 
addition, the DGAC also notes that calcium is an 
underconsumed nutrient of public health concern 
among pregnant women. This conclusion concurs with 
WKH�)'$¶V�UHYLHZ�WKDW�GHVLJQDWHG�FDOFLXP�DV�D�QXWULHQW�
RI�³SXEOLF�KHDOWK�VLJQLILFDQFH´�LQ�LWV�UHFHQW�UHYLHZ�RI� 
evidence in publishing a Proposed Rule on the 
Nutrition Facts label.29 

Strategies to improve calcium intake include increased 
dairy or fortified products that are important sources of 
calcium. Concern about the safety of calcium 
supplements and a relative lack of data about the health 
benefits of such supplements limit recommendations to 
use supplementation as a strategy to meet the RDA for 
calcium, compared to using fortified foods.  
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The subgroups of particular concern with regard to 
intake are preadolescent and adolescent females, 
pregnant females, and middle aged and older females 
(see Question 1, above). 

Potassium²Potassium is the major intracellular cation 
and it plays critical roles in muscle function, cardiac 
function, and regulation of blood pressure. Potassium 
adequacy is also critical for health, as deficiency 
adversely affects numerous organ systems including 
the musculoskeletal, renal, and cardiovascular systems. 
The primary biomarker to assess potassium intake is 
urinary potassium, and these data are not available in 
the CDC biomarker dataset. The DGAC designated 
potassium as a nutrient of public health concern due to 
its general underconsumption relative to the AI across 
the U.S. population and its association with 
hypertension and cardiovascular diseases, two common 
adverse diet-related health outcomes in the United 
States (see Question 17 on health conditions, below). 
7KLV�FRQFOXVLRQ�FRQFXUV�ZLWK�WKH�)'$¶V�UHYLHZ�WKDW�
GHVLJQDWHG�SRWDVVLXP�DV�D�QXWULHQW�RI�³SXEOLF�KHDOWK� 
VLJQLILFDQFH´�LQ�LWV�UHFHQW�UHYLHZ�RI�HYLGHQFH�LQ� 
publishing a Proposed Rule on the Nutrition Facts 
label.29 Even though underconsumption was evident 
across the population (see Question 1, above), there is a 
particular concern for middle-aged and older adults, 
who are at increased risk for cardiovascular diseases 
(see Question 17). Fruits, vegetables, and legumes are 
all important sources of potassium (Table D1.7). 

Fiber²Dietary fibers are non-digestible 
carbohydrates, primarily from plant foods, such as 
whole grains, legumes, fruits and vegetables (Table 
D1.8). The most important and well-recognized role for 
fiber is in colonic health and maintenance of proper 
laxation, but a growing body of evidence also suggests 
that fiber may play a role in preventing coronary heart 
disease, colorectal and other cancers, type 2 diabetes, 
and obesity.33 The AI for fiber is based on an intake 
level associated with the greatest reduction in the risk 
of coronary heart disease. There are no available 
biomarkers for fiber intake, so the designation as a 
nutrient of public health concern is based on the very 
low dietary intakes across all sectors of the U.S. 
population and its important contribution to health. 
Because the average intake levels of dietary fiber are 
half the recommended levels, achieving the 
recommendation requires selecting high-fiber cereals 
and whole grains and meeting current 
recommendations for fruits and vegetables. 

Iron²Iron is an essential mineral whose primary 
function is to transport oxygen in the blood. Inadequate 
iron status in the form of iron deficiency anemia leads 
to poor growth and development and the potential for 
cognitive deficits in children. Excellent sources of 
heme iron include red meats, enriched cereal grains, 
and fortified breakfast cereals (Table D1.9). Dietary 
intake estimates, together with the CDC nutritional 
biomarker data indicate that iron is a nutrient of 
concern for children, premenopausal females, and 
during pregnancy. Among women who are pregnant, 
96 percent are below the EAR for iron intake. Serum 
ferritin is the biochemical marker used by NHANES 
and the CDC to evaluate iron status in the U.S. 
population. These data show that children and women 
of childbearing age are at risk of iron deficiency 
anemia. Risk of iron deficiency anemia also is higher 
among Mexican-American and non-Hispanic Black 
women than among non-Hispanic white women.3 

Taken together, the DGAC concluded that iron was an 
underconsumed nutrient of public health concern for 
adolescent and premenopausal women and women who 
are pregnant. This conclusion concurs with tKH�)'$¶V� 
review that desiJQDWHG�LURQ�DV�D�QXWULHQW�RI�³SXEOLF� 
KHDOWK�VLJQLILFDQFH´�LQ�LWV�UHFHQW�UHYLHZ�RI�HYLGHQFH�LQ� 
publishing a Proposed Rule on the Nutrition Facts 
label.29 

1XWULHQWV�RI�FRQFHUQ�IRU�RYHUFRQVXPSWLRQ� 
Sodium²Sodium is the major cation in extracellular 
fluid that maintains extracelluar fluid volume and 
plasma volume. It also functions in membrane potential 
activation and active transport of molecules across cell 
membranes. In excess, sodium is associated with 
several adverse health events, particularly 
hypertension.34 The DGAC treated sodium as a cross­
cutting topic for dietary intake and health outcomes, 
and a sodium working group was convened. (Details on 
sodium, including dietary sources and health outcomes-
related data are found in Part D. Chapter 6: Cross-
Cutting Topics of Public Health Importance). Current 
sodium intakes of the U.S. population far exceed the 
UL for all age and sex groups (Figure D1.3). Due to the 
critical link of sodium intake to health and that intake 
exceeds recommendations, sodium was designated as a 
nutrient of public health concern for overconsumption 
across the entire U.S. population. 

Saturated fat²The DGAC used the 2013 American 
Heart Association/American College of Cardiology 
(AHA/ACC) report on lifestyle management to reduce 
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CVD risk2 for its evaluation of saturated fat intake. The 
DGAC concurred with the AHA/ACC report that 
saturated fat intake exceeds current recommendations 
in the United States and that lower levels of 
consumption would further reduce the population level 
risk of CVD. The DGAC also convened a working 
group on saturated fat (see Part D. Chapter 6: Cross-
Cutting Topics of Public Health Importance for 
details). In addition, the DGAC conducted food pattern 
modeling to demonstrate the dietary changes that 
would be necessary to have diets with various levels of 
saturated fat as a percent of total energy (see USDA 
Food Patterns Modeling Report in Appendix E-3.5: 
Reducing Saturated Fats in the USDA Food 
Patterns). It is important to note that the median intake 
of saturated fat in the United States was 11.1 percent of 
total energy for all age groups in the 2007-2010 
WWEIA data. However, a large majority (71 percent) 
of the total population consumed more than 10 percent 
of calories from saturated fat, with a range by age 
group from 57 percent to 92 percent (Figure D1.4). 
Further, as 65 percent to 69 percent of the age groups at 
highest risk of CVD (males and females older than age 
50 years) had intakes of more than 10 percent of total 
calories from saturated fat, the DGAC concluded that 
the U.S. population should continue to monitor 
saturated fat intake. Saturated fat is still a nutrient of 
concern for overconsumption, particularly for those 
older than the age of 50 years. 

Cholesterol²Previously, the Dietary Guidelines for 
Americans recommended that cholesterol intake be 
limited to no more than 300 milligrams per day. The 
2015 DGAC will not bring forward this 
recommendation because available evidence shows no 
appreciable relationship between consumption of 
dietary cholesterol and serum cholesterol, consistent 
with the conclusions of the AHA/ACC report.2, 35 

Cholesterol is not a nutrient of concern for 
overconsumption.  

For additional details on this body of evidence, visit: 

x	 CDC report, Second National Report on 
Biochemical Indicators of Diet and Nutrition in the 
U.S. Population 2012. Available from: 
http://www.cdc.gov/nutritionreport/pdf/Nutrition_ 
Book_complete508_final.pdf. 

x	 Food Labeling: Revision of the Nutrition and 
Supplement Facts Labels; Proposed Rule. 
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Available from: http://www.gpo.gov/fdsys/pkg/FR­
2014-03-03/pdf/2014-04387.pdf. 

x	 Appendix E-3.2: Food Group Contributions to 
Nutrients in the USDA Food Patterns and Current 
Nutrient Intakes  

x Appendix E-3.3: Meeting Vitamin D 
Recommended Intakes in USDA Food Patterns 

x Appendix E-3.5: Reducing Saturated Fats in the 
USDA Food Patterns 

Question 3:  Is there evidence of 
overconsumption of any micronutrients from 
consumption of fortified foods and 
supplements? 

Source of evidence: Data analysis 

Conclusion 

Dietary patterns among Americans, including typical 
use of fortified foods, rarely lead to overconsumption 
of folate, calcium, iron, or vitamin D. However, each of 
these nutrients, as well as other nutrients, are 
overconsumed in some supplement users, especially 
those taking high-dose supplements. 

Implications 

The public may safely use dietary supplements 
containing RDA level of nutrients, so long as total 
intake from diet plus supplements does not exceed the 
UL. Use of products with high doses of nutrients, such 
that total intake exceeds the UL, should be discussed 
with a Registered Dietitian or other qualified health 
care provider.  

Supplement users should seek guidance about factors 
such as whether the amount of nutrients in supplements 
exceeds the UL for those nutrients. Monitoring of 
dietary patterns in supplement users should continue to 
be done, with attention paid to the highest risk groups, 
such as children and women who are pregnant.  

Review of the Evidence 

These conclusions were based on analysis of usual 
intake data for selected nutrients from foods and 
supplements from WWEIA, NHANES dietary survey 
(2007-2010) (see Appendix E-2.5: Usual intake 
distributions for supplement users for folate, folic 
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acid, vitamin D, calcium, and iron, 2007-2010, by 
age/sex groups and Appendix E-2.6: Usual intake 
distributions for non-supplement users for folate, 
folic acid, vitamin D, calcium, and iron, 2007-2010, 
by age/sex groups). Nutrients were selected if the 
DGAC had identified them as a shortfall nutrient and if 
supplemental intake data were available in WWEIA 
(Figure D1.5). When possible the total nutrient 
exposure was considered (food + supplements). The 
overconsumed nutrients (saturated fat and sodium) are 
not contained in most dietary supplements so that 
overconsumed nutrients were not considered for this 
question. 

Folate²The use of supplemental folic acid exceeds 
the established UL in a small proportion of children, 
especially those younger than age 9 years. However, 
this UL is not based on clinical toxicity data in this 
population and exceeding the UL is primarily 
associated with supplement use.36 The risk associated 
with usual folate intakes among children in the United 
States is considered low, but caution should be used in 
advising supplements for children younger than age 9 
years. 

Calcium²Dietary calcium intake greater than 2000 
milligrams per day (UL) are seen in up to about 20 
percent of females, and 15 percent of adult males older 
than age 50 years. These high intakes are driven 
primarily by a historical perspective that very high 
calcium supplement usage may decrease the risk of 
osteoporosis. Concern exists about the safety of such 
high intakes and the possible association with CVD 
risk and little, if any, current evidence supports intakes 
of calcium above the UL for the purpose of decreasing 
osteoporosis.15 Of note, the World Health Organization 
recommends high dose calcium supplementation (1.5-2 
g/d) to prevent hypertensive disorders of pregnancy.37 

This recommendation is not widely followed among 
low-risk women in the United States. However, use of 
calcium supplements does not appear to pose a health 
risk related to overconsumption of calcium.37 

Iron²In adults of all ages, a small proportion of iron 
supplement users have intakes above the UL. Concerns 
related both to cardiovascular health and oxidant 
damage exist, but are not well-defined. Iron 
supplementation is very common during early 
childhood and pregnancy, but is unlikely to pose a 
health risk.8 

Vitamin D²Overconsumption of vitamin D occurs 
when individuals take high dose supplements, usually 
over a long period of time.15 The UL of 4000 
International Units per day is commonly exceeded by 
individuals with or without the guidance of a 
physician.15 In general, it is unlikely that most 
supplement users, who limit themselves to 10,000 
International Units per day or less, will have any 
evidence of toxicity, but a greater risk may exist among 
some groups, including small children. Those who take 
high dose supplements often have their serum/plasma 
25-hydroxyvitamin D concentrations monitored and 
this can be helpful although no clearly toxic level of 
25-hydroxyvitamin D in the blood is known. Overall, 
the population risk of overconsumption of vitamin D 
leading to toxic effects, including hypercalcemia or 
other clinical symptoms, is uncommon.38 

For additional details on this body of evidence, visit: 

x Appendix E-2.5: Usual intake distributions for 
supplement users for folate, folic acid, vitamin D, 
calcium, and iron, 2007-2010, by age/sex groups 

x Appendix E-2.6: Usual intake distributions for non-
supplement users for folate, folic acid, vitamin D, 
calcium, and iron, 2007-2010, by age/sex groups 

Question 4:  What is the level of caffeine intake 
derived from foods and beverages on the 
basis of Institute of Medicine (IOM) Dietary 
Reference Intakes age and sex categories in 
the U.S. population?  

Source of evidence: Data analysis 

Conclusion  

In general, intakes of caffeine do not exceed what is 
currently considered safe levels in any age group. 
Some young adults may have moderately high intakes. 
There is less certainty about the safe level of intake in 
children and adolescents. However, routine 
consumption patterns do not suggest that excessive 
intakes are common in these groups. 

Implications 

The public may safely consume caffeine-containing 
beverages, such as coffee and tea. However, children, 
adolescents, and women who are pregnant or 
considering pregnancy should not consume very high 
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levels of caffeine from beverages or supplements (e.g., 
energy shots, fortified foods). 

Monitoring of caffeine intake should be continued with 
special attention to high-risk groups, including children 
and women who are pregnant. Families should monitor 
caffeine intake in children, and high-dose caffeine 
supplementations should not be used. 

For additional details on caffeine safety please see Part 
D. Chapter 5: Food Sustainability and Safety. 

Review of the Evidence 

These conclusions were reached based on analysis of 
usual intake data from the WWEIA, NHANES dietary 
survey (2007-2010). Data on intakes of caffeine show 
that intakes in adults (Figure D1.6) peak at ages 31 to 
70 years, and that younger adults (ages 19 to 30 years) 
and older adults (71 years and older) have lower 
intakes. Relatively few individuals (less than 10 
percent) have intakes above 400 milligrams per day 
(see Appendix E-2.1: Usual intake distributions,
2007-2010, by age/sex groups), which is a level set as 
a moderate intake by some groups, including Health 
Canada. 

In children, caffeine intakes increase with age (Figure 
D1.7) with median intakes remaining below 100 
milligrams per day in adolescents (14 to 18 years). 
Recommended intakes from Health Canada of no more 
than 2.5 milligrams per kilogram per day, or about 85 
milligrams per day total in children ages 10 to 12 
years39 are not exceeded by most children and 
adolescents although recent data indicates that as many 
as 10 percent of children and adolescents ages 12 to 19 
years exceed this intake level.40 These data demonstrate 
that caregivers should monitor caffeine intake in 
children and exercise caution with respect to time-
dependent changes in caffeine intake. 

For additional details on this body of evidence, visit: 

Appendix E-2.1: Usual intake distributions, 2007­
2010 by age/sex groups 

Question 5:  How well do updated USDA Food 
Patternsii meet IOM Dietary Reference Intakes 
and 2010 Dietary Guidelines 
recommendations? How do the recommended 
amounts of food groups compare to current 
distributions of usual intakes for the U.S. 
population? 

Source of evidence: Food Pattern Modeling 

Conclusion 

USDA Food Patterns across a broad range of ages and 
energy intake meet most goals for nutrient adequacy. 
The nutrients of public health concern for which the 
patterns do not meet recommendations are potassium 
and vitamin D. Recommended amounts of food groups 
and their component subgroups fall within the broad 
range of usual food group intake distributions for the 
U.S. population. 

Implications 

The USDA Food Patterns provide guidance for 
consuming a nutrient-dense, energy-balanced diet. To 
achieve nutrient adequacy, the U.S. population should 
be advised to consume dietary patterns consistent with 
the USDA Food Patterns. 

Continued vigilance is needed to ensure that food 
intake patterns meet but do not exceed DRI targets in 
all age groups. The Patterns meet recommended intake 
levels or limits for almost all nutrients, including the 
following nutrients of concern: calcium, fiber, iron, 
sodium, and saturated fat. Two nutrients of concern 
(potassium and vitamin D) are not provided in 
recommended levels by the Patterns. Therefore, 
potassium and vitamin D intakes require assessment 
both of individual intake and population intake patterns 
of foods or supplements to ensure that needs for 
physiological functioning are met. Meeting the needs 
for these nutrients may require careful attention to 
excellent natural sources, food enriched or fortified 

i The USDA Food Patterns referred to in this question are 
the VDPH�DV�WKH�³+HDOWK\�8�6�-VW\OH�)RRG�3DWWHUQ´ described 
later in this chapter (see Question 20). We use the term 
USDA Food Patterns in this question because the 
development of the Healthy U.S.-style Food Pattern and two 
related USDA Food Patterns had not occurred when the 
Committee addressed this question. 
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with the nutrients, or, in some cases, consideration of 
supplements. 

Following the recommended food intake pattern 
increases intakes of whole grains, vegetables, fruits, 
and fat-free/low fat dairy and thus increases the 
likelihood of meeting recommendations for these food 
groups while decreasing intake of the food components 
refined grains, solid fats, and added sugars. Following 
the recommended pattern also decreases intake of the 
nutrients sodium and saturated fat. 

In some situations, specific foods or dietary 
supplements may be used to increase underconsumed 
nutrient intakes not met through the USDA Food 
Patterns.  

Review of the Evidence 

These conclusions were reached based on the results of 
the Food Pattern Modeling Report on Adequacy of the 
USDA Food Patterns. The USDA Food Patterns are 
intended to represent the types and amounts of foods 
that will provide nutrients sufficient to meet IOM 
nutrient recommendations and Dietary Guidelines for 
Americans recommendations. The Food Patterns are 
updated every 5 years during the deliberations of the 
Dietary Guidelines Advisory Committee, and are 
presented to the Committee for their assessment of the 
)RRG�3DWWHUQV¶�DGHTXDF\. As part of the update, 
amounts recommended from each food group may be 
modified to reach all or most of the specified goals. In 
addition, the amounts from each food group are 
compared to usual dietary intake patterns of the U.S. 
population, and are kept within the normal range of 
consumption. The current analysis, using the 2010 
USDA Food Patterns as a baseline, found that the 
recommended amounts of each food group met almost 
all nutrient goals and were within the normal range of 
consumption. Therefore, no updates to the food group 
amounts from 2010 were needed. 

As shown in Figure D1.8, for many nutrients, amounts 
of a nutrient in the patterns are well above the RDA or 
AI. Protein, phosphorus, zinc, copper, selenium, 
manganese, vitamin C, thiamin, riboflavin, niacin, 
vitamin K, folate, vitamin B6, and vitamin B12 are 
above the goal amounts for all age/sex groups. 
In contrast, some nutrients are just above the RDA or 
AI, or marginally below (90 to 100%) goal amounts for 
several age/sex groups. These include calcium, iron, 

and magnesium. The percents of the RDA shown in 
Figure D1.8 are for the lowest calorie level assigned to 
these age/sex groups²the level applicable for a 
sedentary/less active physical activity level.  

The nutrients for which adequacy goals are not met in 
almost all patterns are potassium, vitamin D, vitamin E, 
and choline. Due to the new higher RDA for vitamin D 
that was recommended by the 2011 Committee to 
Review Dietary Reference Intakes for vitamin D and 
calcium,15 amounts in the patterns are a much smaller 
percentage of the RDA than previously, and no pattern 
meets the EAR for vitamin D. To determine if vitamin 
D recommendations could be met while following the 
food group recommendations of the USDA Food 
Patterns, thorough, careful selection of specific foods 
within each food group, an additional modeling 
analysis was conducted and reported below (see 
Question 6). 

The USDA Food Intake patterns provide a healthy 
pattern of food choices and to accomplish this, these 
patterns deviate from typical food intakes in a number 
of ways. To ensure that the patterns do not deviate too 
far beyond the range of what the U.S. population could 
feasibly consume, the recommended intake amounts in 
the patterns from each food group or subgroup plus oils 
were compared to the median and either the 5th or 95th 
percentile of usual intakes of the population, from 
WWEIA/NHANES 2007-2010.41 Table A6 of the 
Adequacy of the USDA Food Patterns Modeling 
Report (see Appendix E-3.1, Table A6) shows the 
comparison of food group recommended intakes to 
median and 95th percentile intakes. 

For underconsumed food groups, such as fruits and 
vegetables, recommended amounts in the patterns are 
generally between the median and 95th percentiles of 
usual intakes (see Appendix E-3.1: Adequacy of the
USDA Food Patterns, Table A6). This indicates that 
the Food Patterns recommend amounts within the 
broad intake range for the population. However, for 
some specific food groups and some age/sex groups, 
such as vegetables for males ages 14 to 18 years, food 
group amounts in the Patterns are somewhat above the 
95th percentile of usual intake. One exception to this is 
whole grain recommendations in the Patterns, which 
are well above the 95th percentile of usual intakes for 
all age/sex groups. Conversely, refined grain 
recommendations in the patterns are very low 
compared to usual intakes²about the 5th percentile of 
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intake for most age/sex groups. This indicates that a 
major shift from refined to whole grains is needed in 
order to meet recommendations. 

For Food Pattern components that are overconsumed, 
the limits in the patterns for maximum solid fat and 
added sugars (see Questions 7 and 8 for more 
information on solid fats and added sugars) also are 
very low compared to usual intake amounts²at 
approximately the 5th percentile of usual intakes for 
most age/sex groups, and less than the 5th percentile of 
usual intakes for boys and girls ages 2 to 13 years (see 
Appendix E-3.1: Adequacy of the USDA Food 
Patterns, Table A6). 

An additional modeling analysis was conducted to 
answer the questions: How well do the USDA Food 
Patterns meet the nutritional needs of children ages 2 to 
5 years and how do the recommended amounts 
compare to their current intakes? Given the relatively 
small empty calorie limit for this age group, how much 
flexibility is possible in food choices (see Appendix E­
3.4: USDA Food Patterns—Adequacy for Young 
Children)? 

The nutritional needs and the diets of young children 
are different in some important ways from the 
nutritional needs and diets of older children and adults. 
Therefore, this modeling analysis focused on the 
adequacy of the Patterns for young children, given 
these differences. Nutrient profiles for the Dairy and 
Fruit groups were adjusted to better reflect the food 
choices within these groups of young children. The 
adjusted Dairy group nutrient profile for young 
children is based on 70 percent fluid milk, 25 percent 
cheese, 3.5 percent yogurt, and 1.5 percent soymilk. In 
contrast, the profile for the overall population is based 
on 51 percent fluid milk, 45 percent cheese, 2.5 percent 
yogurt, and 1.5 percent soymilk. In addition, 1 percent 
milk rather than fat-free milk was used as the 
representative food for fluid milk. The adjusted Fruit 
group nutrient profile for young children is based on 42 
percent fruit juice and 58 percent whole fruit. In 
contrast, overall population intake is about 33 percent 
juice and 67 percent whole fruit. With these 
adjustments, the adequacy of the Patterns did not 
change, but amounts of potassium, vitamins D, A, C, 
and folate increased slightly, and sodium decreased 
slightly. The amounts recommended in the USDA 
Food Patterns fall within the broad range of usual 
intakes by this age group for most food groups and 

subgroups (see Appendix E-3.1: Adequacy of the 
USDA Food Patterns, Table A6). 

,Q�DGGLWLRQ��WKH�\RXQJ�FKLOGUHQ¶V�QXWULHQW�SURILOHV�ZHUH�
higher in energy, mainly due to the use of 1 percent 
rather than fat-free milk. Therefore, the amount of 
calories that could be allowed from solid fats and 
added sugars was adjusted down to keep the Patterns 
isocaloric. This resulted in limited flexibility in food 
choices when following the Patterns, especially for 
children ages 4 and 5 years for whom 2½ cup 
equivalents (cup eqs) from the Dairy group is 
recommended (the Patterns for children ages 2 and 3 
years recommend 2 cup eqs). Options tested to increase 
flexibility in food choices included a small reduction of 
1/2 ounce equivalent in the amount of Protein Foods, or 
a change from 1 percent milk to fat-free milk at 4 years 
of age. These changes did not result in lower nutrient 
adequacy levels.  

For additional details on this body of evidence, visit: 

x Appendix E-3.1: Adequacy of the USDA Food 
Patterns 

x Appendix E-3.4: USDA Food Patterns²Adequacy 
for Young Children 

Question 6: Can vitamin D Estimated Average 
Requirements and/or Recommended Dietary 
Allowances be met with careful food choices 
following recommended amounts from each 
food group in the USDA Food Patterns? How 
restricted would food choices be, and how 
much of the vitamin D would need to come 
from fortified dairy and other food products? 

Source of evidence: Food Pattern Modeling 

Conclusion 

Through the use of a diet rich in seafood and fortified 
foods, EAR, but not RDA, levels of vitamin D can be 
achieved. Additional fortification or supplementation 
strategies would be needed to reach RDA levels of 
vitamin D intake consistently, especially in individuals 
with low intakes of fish/seafood or fortified dairy 
foods, other fortified foods (e.g. breakfast cereals) and 
beverages. 
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Implications 

Diet is an important aspect of achieving vitamin D 
intake targets. The U.S. population should be 
encouraged to choose foods and beverages fortified 
with vitamin D. When needed, supplementation can be 
considered to achieve RDA intakes of vitamin D.  

Review of the Evidence 

These conclusions were reached based on the results of 
the Food Pattern Modeling Report WLWOHG�³0HHWLQJ� 
Vitamin D Recommended Intakes in USDA Food 
3DWWHUQV´ (see Appendix E-3.3). It may be difficult for 
individuals to reach the RDA intake of vitamin D from 
food, including food as it is currently fortified in the 
United States. The RDA was established by the 
Institute of Medicine on the assumption of minimal or 
no sunshine exposure. This was done even though the 
majority (up to 80 to 90 percent in some parts of the 
United States) of vitamin D in the body is derived from 
conversion by solar radiation of pre-vitamin D in the 
skin. However, during the winter, in much of the 
United States, this conversion is minimal and 
furthermore, recommendations for sunscreen use have 
limited the degree to which one can safely ensure 
sunshine exposure as a source of vitamin D. 

Vitamin D exposure, and likely status, is assessed 
generally through serum/plasma 25-hydroxyvitamin D 
concentrations. However, this test is not recommended 
for routine screening of the entire population30-32, 42, 43 

due to costs and challenges in obtaining measurements 
throughout the year and interpreting results in 
populations, including those who are obese. Because 
many non-screened individuals will still need to reach 
the RDA for vitamin D, supplement use may be 
considered for this purpose. 

For additional details on this body of evidence, visit: 

Appendix E-3.3 Meeting Vitamin D 
Recommended Intakes in USDA Food Patterns 

)22'�*52836�±�&855(17�,17$.(6�
$1'�75(1'6� 

Introduction 

As noted for Questions 5 and 6, to help the U.S. 
population meet recommended dietary goals and 
improve their health and well-being, the USDA 
recommends a food-based, total diet approach for 
meeting the U.S. Dietary Guidelines.44, 45 

The USDA Food Patterns have changed over time to be 
consistent with emerging science that is presented in 
each issuance of the Guidelines. The current USDA 
Food Patterns identify amounts of foods to consume 
from five major food groups (fruits, vegetables, grains, 
protein foods, and dairy) and their sub-groups (dark 
green vegetables, orange and red vegetables, starchy 
vegetables, other vegetables, beans and peas, whole 
grains, enriched/refined grains, meat/poultry/eggs, nuts, 
seeds, soy products, seafood) and are based on nutrient-
dense foods.44, 45 In 2010, the DGAC developed a 
vegetarian adaptation of the Food Patterns to provide 
guidance for consumers wishing to follow a vegetarian 
diet. For 2015, the DGAC developed a new Healthy 
Vegetarian Food Pattern based on food intakes of 
vegetarians. The 2015 DGAC also provided a 
Mediterranean-style Food Pattern due to the data 
supporting the health-related benefits of a 
Mediterranean-style diet (see Dietary Patterns section, 
Question 20, and Part D. Chapter 2: Dietary Patterns,
Foods and Nutrients, and Health Outcomes). The 
food groups chosen for all the Patterns include 
primarily nutrient-dense foods. The patterns are 
intended to meet the RDA for nutrients so that 
nutritional adequacy is met without exceeding 
recommended energy intake. They also are designed so 
that they are below the 2010 DGA limits for sodium 
and saturated fat. Recommended amounts to consume 
from each food group differ depending on an 
LQGLYLGXDO¶V�HQHUJ\�DQG�QXWULHQW�QHHGV��3DWWHUQV�DUH�
provided for 12 different calorie levels (Table D1.10) 
and assignment to one of these calorie levels is based 
on age, sex, and activity level (Table D1.11). In 
addition, the Patterns provide for limited amounts of 
solid fats and added sugars. The complete Food Pattern 
modeling report (including a listing of the nutrients 
considered for the Patterns) is found in Appendix E3.1, 
and details on the methods used to derive the Patterns 
have been published.44, 46, 47 
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Question 7: What are current consumption 
patterns of USDA Food Pattern food groups by 
the U.S. population? 

Source of evidence: Data analysis 

Conclusion 

Positive, healthy eating habits provide an excellent 
foundation for a lifetime of healthy eating. Many 
young children start out eating very well, particularly 
with regard to intakes of fruit and dairy foods. 
Unfortunately, many of these early life healthy habits 
seem to disappear as children reach school age and 
beyond. Across all age and sex groups, the vast 
majority of the U.S. population does not meet 
recommended intakes for fruit, vegetables, whole 
grains, and dairy food groups. Each of these food 
groups are excellent sources of shortfall nutrients and 
underconsumed nutrients of public health concern. 
Across all age and sex groups, the vast majority of the 
U.S. population exceeds recommended intakes of 
refined grains, solid fats, and added sugars.  

Implications 

To realize the numerous health benefits from dietary 
patterns that are higher in fruit, vegetables, whole 
grains, lean protein, and non-fat and low-fat dairy (see
Part D. Chapter 2: Dietary Patterns, Foods and 
Nutrients, and Health Outcomes for details on the 
health benefits for dietary patterns with these 
characteristics), action is needed across all sectors of 
food production, distribution, and consumption and at 
individual behavioral and population levels. 
Individuals, families, schools, worksites, healthcare 
and public health settings, restaurants, and other food 
establishments must work together to ensure that all 
segments of the population can: 

x	 Increase intake of underconsumed food groups 
and nutrient-dense foods, while maintaining 
energy balance, and without increasing 
saturated fat, sodium, and added sugars 

Given the complexity of dietary behavior change, 
consumers will need access to evidence-based 
educational resources and intervention programs and 
services in public health and healthcare settings to 
facilitate adoption and maintenance of healthy dietary 
behaviors. (See Part D. Chapter 3: Individual Diet 

64 

and Physical Activity Behavior Change for discussion 
of what works at the level of individual behavior 
change and Part D. Chapter 4: Food Environment 
and Settings for discussion of population change 
through environmental strategies.) 

Within the Dairy and Vegetable groups, the following 
dietary changes in particular will help increase intake 
of shortfall nutrients and will decrease intake of 
overconsumed nutrients by the U.S. population: 

x	 Increasing low-fat/fat-free fluid milk and 
yogurt and decreasing cheese would result in 
higher intakes of magnesium, potassium, 
vitamin A, and vitamin D while simultaneously 
decreasing the intake of sodium and saturated 
fat. 

x	 Replacing soft drinks and other sugar-
sweetened beverages (including sports drinks) 
with non-fat fluid milk would substantially 
reduce added sugars and empty calories and 
increase the intake of shortfall nutrients, 
including calcium, vitamin D, and magnesium. 

x	 Consuming all vegetables, including starchy 
vegetables, with minimal additions of salt and 
solid fat will help minimize intake of 
overconsumed nutrients ± sodium and 
saturated fat. 

Review of the Evidence 

This question was answered using data from the 
WWEIA, NHANES dietary survey (2007-2010) and 
WKH�1DWLRQDO�&DQFHU�,QVWLWXWH¶V�H[DPLQDWLRQ�RI�WKH�
usual intake distributions and percent of the U.S. 
population meeting USDA Food Pattern 
recommendations for their age and sex. 41, 48, 49 It is 
important to note that the Dietary Guidelines for 
Americans are established only for those ages 2 years 
and older. However, the WWEIA, NHANES sample 
includes persons from birth. The NHANES data are 
presented in these specific age groups that cannot be 
further divided.  

Fruit²When consumed in the amounts recommended 
in the USDA Food Patterns, fruit contributes 
substantial amounts of two nutrients of public health 
concern: fiber and potassium. (Whole fruit and fruit 
juice provide about 16 percent of dietary fiber and 17 
percent of potassium in the Food Patterns (see 
Appendix E-3.2: Food Group Contributions to 
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Nutrients in USDA Food Patterns and Current 
Nutrient Intakes). 

The majority of children ages 1 to 3 years and 4 to 8 
years meet the recommended intakes for total fruit, 
which is 1 cup and 1 to 1.5 cups per day, respectively. 
Among older children (boys and girls ages 9 to 13 
years), adolescents, and adults of all ages (both men 
and women), few people consume the recommended 
daily amounts, which range from 1.5 to 2 cups for older 
children and adolescents to 1.5 to 2.5 cups for adults 
(Figure D1.9). Among the overall U.S. population, 
approximately 15 percent meet the daily fruit intake 
recommendation while nearly 80 percent do not meet 
the recommendation.  

More than half of the daily fruit intake for all age and 
sex groups in the U.S. population (ages 1 year and 
older) comes from whole fruit (Figure D1.10). Among 
both boys and girls ages 1 to 3 years, whole fruit 
comprises slightly more than half of the daily fruit 
intake and the remainder is consumed through 100% 
fruit juice. The American Academy of Pediatrics 
(2001)50 recommends that young children limit their 
juice intake to 4 to 6 ounces per day. Six ounces of 
juice is 0.75 cups; the average juice intakes fall within 
this recommended limit suggesting that juice is not 
overconsumed among many young children. Among 
children ages 4 to 8 and 9 to 13 years, fruit intake 
includes both 100% juice and whole fruit, but whole 
fruit comprises the majority of intake. Among middle 
aged and older adults, most of the fruit intake is from 
whole fruit, albeit below recommended levels, rather 
than 100% juice. 

Vegetables²Vegetables are excellent sources of many 
shortfall nutrients and nutrients of public health 
concern. When vegetables are consumed in the 
amounts recommended in the USDA Food Patterns, 
vegetables contribute the following (expressed as 
averages over all the calorie levels): fiber (38 percent), 
potassium (36 percent), iron (19 percent), folate (23 
percent), and vitamin A as provitamin A carotenoids 
(34 percent). Note that select vegetables do contribute 
to calcium intake, including spinach, collard greens, 
turnip greens, but these vegetables are often consumed 
in smaller amounts than is needed to be considered 
important sources of calcium (Table D1.6 and 
Appendix E-3.2: Food Group Contributions to 
Nutrients in the USDA Food Patterns and Current 
Nutrient Intakes). 

The U.S. population consumes few vegetables (Figure 
D1.11). Only 10 percent and 15 percent of boys and 
girls ages 1 to 3 years, respectively, consume the 
recommended 1 cup of vegetables per day. For children 
ages 4 to 8 years, less than 5 percent consume the 
recommended amount of 1.5 to 2 cups of vegetables 
per day. Vegetable consumption is lowest among boys 
ages 9 to 13 years (1 percent consume the 
recommended 2 to 2.5 cups per day) and girls ages 14 
to 18 years (less than 1 percent consume the 
recommended 2 to 2.5 cups/day). Vegetable intakes 
increase slightly during the adult years, but intakes are 
still very low. Among young adult males and females 
ages 19 to 30 years, less than 10 percent meet the 2 to 
3.5 cups per day recommendation. Intakes increase 
only slightly in subsequent age decades (31 to 50 
years). Middle aged adults (51 to 70 years) are 
somewhat closer to the goal as they have the highest 
vegetable intakes. Even so, only about 20 percent of 
men and about 30 percent of women meet the daily 
recommendation of 2 to 3.5 cups per day. Although 
these intake levels are still below optimal, the positive 
gains in vegetable consumption are noteworthy. 
However, vegetable intakes fall again among older 
adults (71 years and older), with less than 20 percent of 
men and women meeting intake recommendations. 
Overall, nearly 90 percent of the U.S. population does 
not meet daily vegetable intake recommendations. 

The USDA Food Pattern food group for vegetables 
includes five subgroups: dark green vegetables, red and 
orange vegetables, beans and peas, starchy vegetables, 
and other vegetables. The U.S. population does not 
meet intake recommendations for any of these 
vegetable subgroups (Figures D1.12 to D1.16). More 
than 80 percent of the U.S. population does not meet 
the intake recommendation for dark green vegetables, 
starchy vegetables, and beans and peas, while more 
than 90 percent do not meet the recommended intakes 
IRU�UHG�DQG�RUDQJH�YHJHWDEOHV��³2WKHU�YHJHWDEOHV´ 
(Figure D1.16) is a broad group that includes iceberg 
lettuce, green beans, cucumbers, celery, onions, 
summer squash, mushrooms, and avocados. More than 
50 percent of males and females ages 51 to 70 years 
meet or exceed the recommended intake amounts of 
other vegetables and among all ages, nearly 40 percent 
meet or exceed the recommended intake. Intake of 
³other vegetables´ is more likely to meet 
recommendations than the other four subgroups, but 
consumers should be encouraged to increase intake of 
all vegetables. To meet total vegetable 
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recommendations, higher intakes of all vegetable 
subgroups are needed, particularly those subgroups 
where intake is minimal, such as dark green and orange 
and red vegetables, which are excellent sources of 
vitamin C, folate, magnesium, and potassium. 

Potatoes (white potatoes) are the most commonly 
consumed single vegetable, and make up about 80 
percent of all starchy vegetable consumption.51 They 
account for 25 percent of all vegetable consumption 
and are a good source of both potassium and fiber. 
Among children and adolescents ages 2 to 19 years, 
they account for 28 percent to 35 percent of total 
vegetable consumption, with a higher percentage of 
vegetables consumed as potatoes among boys than girls 
in each age category. Potatoes are consumed in a 
variety of forms, with about 31 percent being boiled 
(including mashed and in dishes such as potato salad, 
soups, and stews), 22 percent as chips, sticks, or puffs, 
19 percent as French fries, 17 percent as baked, and 12 
percent as home fries or hash browns.  

Grains (whole and refined)²The 2010 Dietary 
Guidelines for Americans recommended that half of all 
grain intake should come from whole grains. The 2015 
DGAC brings forward this recommendation and here 
we give rationale and results to support this decision. 
The background and summary of previous food pattern 
modeling with respect to grains is important to present 
here so as to provide context for the 2015 DGAC 
recommendations. 

:KROH�JUDLQV�DUH�WKRVH�³IRRGV�PDGH�IURP�WKH�HQWLUH� 
grain seed, usually called the kernel, which consists of 
the bran, germ and endosperm. If the kernel has been 
cracked, crushed or flaked, it must retain nearly the 
same relative proportions of bran, germ and endosperm 
as the original grain in order to be called whole 
grain.´52p134 Examples of whole grains are brown rice, 
popcorn, bulgur, whole wheat, oats, and barley. If 
whole grains were consumed in the amounts 
recommended in the Food Patterns, whole grains would 
provide substantial percentages of several key 
nutrients, such as about 32 percent of dietary fiber, 42 
percent of iron, 35 percent of folate, 29 percent of 
magnesium, and 16 percent of vitamin A (see E-3.2: 
Food Group Contributions to Nutrients in USDA
Food Patterns and Current Nutrient Intakes). 

Across all ages and both sexes, the U.S. population 
does not meet the goal for whole grain intake, as nearly 

100 percent of the population consumes amounts that 
are below the recommended intake levels (Figure 
D1.17), which range from 1.5 ounce equivalents (oz 
eq) for young children up to 3 to 3.5 ounce equivalents 
for older children and adolescent and adult females. 
Adolescent and adult males are advised to consume 3 
to 4 ounce equivalents per day. The inadequate intake 
of whole grains leads to underconsumption of several 
shortfall nutrients and nutrients of public health 
concern. Refined grains, such as white flour and 
products made with white flour, white rice, and de­
germed cornmeal, are part of the intake 
recommendation because they are commonly enriched 
with iron and several B vitamins, including thiamin, 
niacin, and riboflavin (e.g., enriched flour, 21 CFR 
137.165).53p452 Since 1998, enriched grains also have 
been fortified with folic acid and are thus an important 
source of folic acid for women of childbearing 
potential.53, 54 The effect of the folic acid fortification 
on the health status of the U.S. population was 
extensively reviewed by the 2010 DGAC and so was 
not re-reviewed by the 2015 DGAC. The 2010 DGAC 
concluded that strong and consistent evidence 
demonstrates a large reduction in the incidence of 
neural tube defects (NTDs) in the United States and 
Canada following mandatory folic acid fortification. 
They also found only limited evidence to suggest a 
decline in stroke mortality in the United States and 
Canada and an increase in colorectal cancer in those 
countries following mandatory folic acid fortification. 
Due to the very limited evidence, cause and effect 
cannot be attributed for folic acid fortification and 
either stroke or colorectal cancer incidence. The 2015 
DGAC brings forward those results with no notable 
changes in the interpretation of the data presented in 
2010. Despite the B vitamins and iron that can be 
obtained from enriched and fortified refined grains, 
products made with refined grains also may be a source 
of excess calories and added sugars. (See Question 11c, 
food categories, below, and added sugars discussion in 
Part D. Chapter 6: Cross-Cutting Topics of Public 
Health Importance). Figure D1.18, documents that the 
U.S. population consumes far too many refined grains. 
In the overall population for all ages and for both males 
and females, about 19 percent meet the 
recommendation for refined grains, while more than 70 
percent exceed the recommendation. Intake of refined 
grains is particularly high among boys and girls ages 4 
to 8 years and girls ages 9 to 13 years.  
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Due to the overconsumption of refined grains and the 
underconsumption of whole grains relative to the 2010 
UHFRPPHQGDWLRQ�WKDW�³KDOI�RI�DOO�JUDLQ�LQWDNH�VKRXOG� 
FRPH�IURP�ZKROH�JUDLQV�´�WKH�'*$&�decided that it 
was important to examine the impact on nutrient intake 
if: (1) refined/enriched grains intake were reduced to 
no more than 25 percent or 15 percent of the total 
grains intake; and (2) overall grain intake were 
reduced. The Committee relied on food pattern 
modeling analyses conducted by the 2005 and 2010 
DGACs to answer these questions, and brings forward 
their recommendations, as reiterated below.  

The key finding from the 2010 DGAC modeling report 
ZDV��³$V�VKRZQ�E\�IRRG�SDWWHUQ�PRGHOLQJ�� 
consumption of all grains as whole grains, without 
including any fortified whole grain products, would 
lower dietary folate and iron intake levels to less than 
adequate amounts for individuals in population groups 
who may be at high risk for inadequate intakes of these 
nutrients. Individuals are encouraged to consume most 
of their grains as fiber-rich whole grains, and when 
doing so, should select some of these fiber-rich whole 
grains as products that have been fortified with folic 
acid and possibly other nutrients´��55p146 

In its analysis, the 2005 DGAC reported that non-
whole grains contributed important amounts of certain 
nutrients to the dietary patterns, including folate, iron, 
calcium, fiber, thiamin, riboflavin and niacin.56append G-2 

The 2005 DGAC concluded that including only 3 
ounce equivalents of whole grains, with no non-whole 
grains, in the food patterns would lower intake of many 
of these key nutrients and perhaps place certain 
individuals at risk of nutrient inadequacy. However, the 
2010 DGAC found that consuming all grains as whole 
grains would provide for nutrient adequacy in the 
patterns if fortified ready to eat (RTE) whole grain 
breakfast cereals were substituted for RTE refined 
grain breakfast.55app E.7 The 2015 DGAC concluded that 
consumption of only whole grains with no replacement 
or substitution would result in nutrient shortfalls. 

Dairy²Dairy foods in the USDA Food Patterns 
include fluid milk, cheese, yogurt, ice cream, milk-
based replacement meals and milk products, including 
fortified soymilk, but do not include almond or other 
plant-EDVHG�³PLON-W\SH´�SURducts. Dairy foods are 
excellent sources of nutrients of public health concern, 
including vitamin D, calcium, and potassium. 
Consumption of dairy foods provides numerous health 

benefits including lower risk of diabetes, metabolic 
syndrome, cardiovascular disease and obesity.57-62 

When consumed in the amounts recommended by the 
Food Patterns, on average across the calorie levels, 
dairy foods contribute about 67 percent of calcium, 64 
percent of vitamin D, and 17 percent of magnesium 
(see Appendix E-3.2: Food Group Contributions to 
Nutrients in the USDA Food Patterns and Current 
Nutrient Intakes). The Patterns recommend 
consumption of low-fat and fat-free foods in the Dairy 
group to ensure intake of these key nutrients while 
minimizing intake of saturated fat, which is a nutrient 
of concern for overconsumption.44 

More than 60 percent of young boys and girls ages 1 to 
3 years meet or exceed the recommended intake of 2 
cup equivalents per day, with most of this intake 
coming in the form of fluid milk (see Figure D1.19 and
Appendix E-3.4: USDA Food Patterns — Adequacy
for Young Children). Intake falls in older children to 
about 30 percent of boys and girls meeting or 
exceeding the recommended 2.5 cup equivalents per 
day for those ages 4 to 8 years and 3 cup equivalents 
per day for children ages 9 to 13 years. About 30 
percent of adolescent boys meet or exceed the 
recommended 3 cup equivalents per day, but less than 
10 percent of adolescent females meet or exceed this 
recommendation. An age-related decline in dairy intake 
appears to begin in adolescence and intakes persist at 
very low levels among adult females across the age 
distribution. Less than 5 percent of adult females 
consume the recommended 3 cup equivalents per day. 
Overall, more than 80 percent of the entire U.S. 
population does not meet the daily dairy intake 
recommendation.  

To determine the extent to which individuals could 
meet recommendations for calcium and other shortfall 
nutrients intake, given various levels of dairy foods in 
the Food Patterns, the 2015 DGAC conducted a food 
pattern modeling analysis (see Appendix E-3: Dairy 
Group and Alternatives). The DGAC considered 
nutrient adequacy of the Food Patterns under the 
following scenarios: 1) no dairy was consumed; 2) 
calcium was obtained from non-dairy sources 
(including fortified foods); and 3) the proportions of 
yogurt and cheese in the patterns were modified. The 
DGAC further evaluated the relationship between 
changes in the types of beverages consumed (milk, 
fruit juices, fruit drinks and sports beverages) and diet 
quality.  
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If no dairy is consumed, the modeling analysis shows 
that levels of calcium, magnesium, iron, vitamin A and 
riboflavin, drop below 100 percent of goals, and intake 
levels of potassium, vitamin D and choline also drop 
substantially. When no dairy is consumed, calcium 
intake levels drop by 68 to 88 percent in all age and sex 
groups, while vitamin D intake is lowered by 20 to 30 
percent (see Appendix E-3.6: Dairy Group and 
Alternatives, Table 2). Most of the milk alternatives are 
fortified with calcium, so similar amounts of calcium 
can be obtained from fortified rice, soy and almond 
milks, and fortified juices, but absorption of calcium is 
less efficient from plant beverages.63 Magnesium intake 
also is comparable from plant-based milk alternatives. 
However, vitamin D and potassium amounts vary 
across these milk alternatives (see Appendix E-3.6: 
Dairy Group and Alternatives, Table 3). Calorie levels 
also are higher for most of the plant-based alternative 
milk products for a given calcium intake level. In other 
words, to obtain a comparable amount of calcium as 
one cup equivalent for non-fat fluid milk, the portion 
size required to meet the calcium intake need results in 
higher energy intake (see Appendix E-3.6: Dairy 
Group and Alternatives, Table 4). 

Currently, the U.S. population consumes the 
recommended 3 cup equivalents per day as 53 percent 
fluid milk, 45 percent cheese, and 2 percent as yogurt. 
Through the food pattern modeling, the DGAC 
examined the effect on nutrient intake if fluid milk 
were to be increased and cheese decreased. Increasing 
the proportion of fat-free milk, while decreasing the 
proportion of cheese, would increase the intake of 
magnesium, potassium, vitamin A, vitamin D and 
would decrease intake of sodium and saturated fat (see 
Appendix E-3.6: Dairy Group and Alternatives, Table 
5). A potential approach to increasing intake of 
shortfall nutrients and nutrients of public health 
concern while simultaneously decreasing intake of 
overconsumed nutrients of public health concern would 
be to increase intake of fat-free or low-fat fluid milk in 
lieu of cheese. 
If milk is completely eliminated from the diet and 
replaced by soft drinks, fruit drinks, sports beverages, 
and other sugar-sweetened beverages, diet quality 
deteriorates significantly, making it very hard for 
individuals to meet nutrient recommendations (see 
Appendix E-3.6: Dairy Group and Alternatives, Table 
6). Indeed, among U.S. adolescents, milk consumption 
is very low, as are intakes of the ³shortfall´ nutrients. 

Protein Foods²Protein Foods comprise a broad group 
of foods including meat, poultry, fish/seafood, eggs, 
soy,f nuts, and seeds. Dairy also contains protein, but 
since it has its own food group, its nutrient 
contributions are counted in its own group. The 
inclusion of both animal and non-animal protein foods 
allows vegetarian options to be accommodated. In 
addition to providing essential amino acids, some 
protein foods are important sources of iron, and iron is 
a shortfall nutrient and nutrient of public health 
concern among adolescent and adult females. Meat 
foods in the protein group provide heme iron, which is 
more bioavailable than non-heme plant-derived iron. 
Heme iron is especially important for young children 
and women who are pregnant. 

Nearly 80 percent of boys and 75 percent of girls ages 
1 to 3 years meet or exceed the protein foods 
recommendation of 2 ounce equivalents per day 
(Figure D1.20). Similarly, more than 60 percent of 
boys and girls ages 4 to 8 years meet or exceed the 
recommended intake of 3 to 4 ounce equivalents per 
day. Intake declines somewhat for boys and girls ages 9 
to 13 years, as approximately 40 percent and 45 percent 
meet or exceed the recommended 3 ounce equivalents 
per day. Although nearly 60 percent of adolescent 
males ages 14 to 18 years meet the 5.5 to 6.5 ounce 
equivalents per day recommendation, less than 25 
percent of females ages 14 to 18 meet their 5-5.5 ounce 
equivalents per day recommendation. Intakes begin to 
increase again for adult males across the age 
distribution, and about 62 percent of males ages 31 to 
50 and 78 percent of males 51 to 70 years meet the 5.5­
6.5 ounce equivalents per day intake recommendation. 
For adult females ages 19 to 30 years, slightly more 
than 40 percent meet the 5 to 5.5 ounce equivalents per 
day recommendation and approximately 50 percent of 
those ages 31 to 50 and about 50 percent of those 51 to 
70 years meet the recommendation. Protein foods 
intake declines in both men and women older than age 
71 years; about 30 percent of women and about 50 
percent of men meet the recommendation. Across all 
age groups and in both males and females, nearly 60 
percent of the U.S. population meets the protein foods 
intake recommendation. Although some groups in the 

f Soy foods in the Protein Foods group include foods and 
ingredients such as tofu, soy noodles, soy flours, and soy 
protein isolates. Fortified soymilk is part of the Dairy group. 
Edamame and whole soybeans are part of the vegetable 
legume subgroup. 
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U.S. population do not consume recommended 
amounts from the protein foods group, intakes of 
protein (as grams/day) are adequate across the 
population and protein is not a shortfall nutrient. 
Notably, protein intake also comes from dairy and 
grains in addition to the foods included in the protein 
foods group. 

Most of the protein foods intake across all age groups 
and for both males and females comes from meat, 
poultry, and eggs (Figure D1.21). Nearly 80 percent of 
the U.S. population meets the intake recommendation 
for this protein foods subgroup (although less so for 
adolescent girls and older women). 

In 2010, the DGAC recommended that seafood intake 
be increased to eight ounces per week for adults. In 
reviewing the WWEIA/NHANES data, the DGAC 
2015 found that the U.S. population has low seafood 
intake. Across all age groups and for both males and 
females, only 10 percent of the population meets the 
2010 intake recommendations (Figure D1.22). Intake is 
highest in adult men and women, but remains very low. 
In the highest intake group, males ages 51 to 70 years, 
21 percent of the population meets the intake 
recommendation.  

In addition to reviewing WWEIA/NHANES data, the 
2015 DGAC considered the potential influence on diet 
quality of substituting seafood for terrestrial animal 
foods (e.g., beef, poultry, pork, game meats). This 
question was addressed by the 2010 DGAC through a 
modeling analysis, and the 2015 DGAC decided to 
bring forward those modeling results. These results 
indicate seafood could be increased to 8 ounces per 
week (for adults) with no negative impact on nutrient 
adequacy.55app E3.10 This 8 ounce amount contributes 
energy, protein, selenium, vitamin D, and vitamin B­
12. With respect to fatty acids, fish is rich in the long-
chain eicosapentanoic acid (EPA) and docosahexonoic 
acid (DHA) and has a higher proportion of total fatty 
acids coming from polyunsaturated and 
monounsaturated fatty acids relative to saturated fatty 
acids. The 2015 DGAC also has examined the 
sustainability of fish production and consumption, and 
these results are discussed in Part D. Chapter 5: Food 
Sustainability and Safety. 

Nuts, seeds, and soy²Nuts, seeds, and soy provide 
protein, selenium, polyunsaturated fatty acids, fiber, 
magnesium, and zinc. Nuts, seeds, and soy are less 

commonly consumed protein foods (Figure D1.23). 
Even so, overall approximately 40 percent of the U.S. 
population meets or exceeds the food pattern 
recommended intake of these protein foods. 

Empty calories²Solid fats that occur naturally in 
foods such as meat, dairy, and some tropical foods 
(e.g., coconut), and sugars that are added to foods 
either by the consumer or by food manufacturers are 
UHIHUUHG�WR�DV�³HPSW\�FDORULHV´�EHFDXVH�Eoth provide 
calories, but few or no nutrients. For the purposes of 
the USDA Food Pattern Food Groups, the term solid 
fats and added sugars is an analytic grouping, but going 
forward for 2015, the DGAC has elected to use the 
WHUP�³HPSW\�FDORULHV�´ 

Calories from solid fats and added sugars are included 
for the USDA Food Patterns because they are a 
component of the diet that should be limited because 
they are not nutrient-dense and the solid fats contribute 
to saturated fat intake, which is overconsumed in the 
U.S. population (see Nutrient Intake/Nutrients of 
Concern section, Questions 1 and 2). Solid fats and 
added sugars are not food groups on their own, as are 
protein foods, dairy, grains, fruits, and vegetables, but 
they are included in the Food Patterns because they are 
an integral component of many foods consumed by the 
U.S. population either because they occur naturally (in 
the case of some solid fats) or they are added to foods, 
such as added sugars or fat added during processing, 
cooking, or other aspects of food preparation. 
Additional details about added sugars and saturated fat 
are provided in Part D. Chapter 6: Cross-Cutting 
Topics of Public Health Importance. 

Because added sugars and solid fats are not nutrient 
dense and solid fats contribute to saturated fat intake, 
the USDA Food Patterns recommend that intake be 
limited. The guidance on the approximate amounts of 
solid fats and added sugars that can be part of a 
healthful diet is as follows: children ages 2 to 8 years: 
120 calories per day; children 9 to 13 years: 120 to 250 
calories per day; girls ages 14 to 18 years: 120 to 250 
calories per day; boys ages 14 to 18: 160 to 330 
calories per day; adult women: 120 to 250 calories per 
day; and adult men: 160 to 330 calories per day. Intake 
limits varies by age and sex and are based on residual 
calories after all food group intakes are met. The intake 
limits include solid fats and added sugars from all 
sources in the diet: from sugar in sugar-sweetened 
beverages, including coffee and tea, and breakfast 
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cereals, to solid fats in burgers, sandwiches, and pizza, x Alternatives for Enriched Grains in Food Intake 
 

to the combination of solid fats and added sugars in 
snacks and desserts such as cookies, cakes, ice cream, 
and donuts. Question 11 of the Food Categories section 
of this Chapter provides information on food sources of 
solid fats and added sugars. 

The intake of solid fats and added sugars is very high 
across all age groups and for both males and females in 
the United States, with nearly 90 percent exceeding the 
recommended daily limits (Figure D.1.24). Particularly 
noteworthy is that nearly 100 percent of boys and girls 
ages 1 to 3 and 4 to 8 years exceed the recommended 
limit for solid fats and added sugars (see Part B. 
Chapter 6: Cross-Cutting Topics of Public Health 
Importance). 

For additional details on this body of evidence, visit: 

x	 Usual Dietary Intakes: Food Intakes, U.S. 
Population, 2007-10: Applied Research Program. 
National Cancer Institute; [updated May 22, 2014]. 
Available from: 
http://appliedresearch.cancer.gov/diet/usualintakes/ 
pop/2007-10/. 

x Appendix E-3.2 USDA Food Pattern Modeling 
Report: Food Group Contributions  

x Appendix E-3.6 USDA Food Pattern Modeling 
Report: Dairy Group and Alternatives  

x	 Food Patterns Equivalent Intakes from Food: 
Consumed per Individual, 2009-10. U.S. 
Department of Agriculture, Agricultural Research 
Service, Food Surveys Research Group. Available 
from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
23868. 

x	 Seafood Food Pattern Modeling Report for the 
2010 Dietary Guidelines Advisory Committee. 
USDA and HHS, 2010, Appendix E 3.10 USDA 
and HHS, 2010, Appendix E 3.10. Available from: 
http://www.cnpp.usda.gov/sites/default/files/dietar 
y_guidelines_for_americans/AppendixE-3-10­
Seafood.pdf.  

x	 Replacing all Non-Whole Grains with Whole 
Grains Food Pattern Modeling Report for the 2010 
Dietary Guidelines Advisory Committee. USDA 
and HHS, 2010, Appendix E3.7. Available from: 
http://www.cnpp.usda.gov/sites/default/files/dietar 
y_guidelines_for_americans/AppendixE-3-7­
Grains.pdf.  

70 

Patterns Analysis for the 2005 Dietary Guidelines 
Advisory Committee. U.S. HHS and USDA, 2005, 
appendix G-2. Available from: 
http://www.health.gov/dietaryguidelines/dga2005/r 
eport/HTML/G2_Analyses.htm#alternativegrain. 

Question 8: What are the trends in USDA Food 
Pattern food group consumption by the U.S. 
population? 

Source of Evidence: Data analysis 

Conclusion 

The U.S. population has made few dietary changes 
over time: 

x	 Fruit intake has remained low but stable.  
x	 Vegetable intake has declined, particularly 

among children of all ages, adolescents, and 
young adult males. 

x	 Whole grain intake has slightly increased 
between 2001-2004 and 2007-2010, 
particularly among middle aged and older 
adults. 

x	 Dairy intake has been relatively constant over 
time, but has decreased for girls ages 4 to 8 
years and young adult males, and has increased 
for adults ages 51 to 70 years. 

x	 Added sugars intake has decreased for both 
males and females across all age groups 
between 2001-2004 and 2007-2010, but intakes 
still exceed the limit in the USDA food 
patterns. 

Implications 

Individuals and families must make conscious and 
focused decisions about choosing nutrient-dense foods. 
In addition, to continue progress toward consumption 
of a healthy diet among all age and sex groups, action 
is needed along the entire food processing, delivery, 
and service supply chain in order to provide the U.S. 
population with affordable and accessible foods that 
are nutrient dense and low in added sugars and sodium.  

Poor nutritional intake is linked to numerous diet-
related chronic diseases (see Part D. Chapter 2:
Dietary Patterns, Foods and Nutrients, and Health 
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Outcomes) and the prevalence of these conditions is 
too high in the United States (see Health Conditions 
section, Questions 15 to 17, below). The health of the 
nation hinges in part on improving dietary intake at 
individual and population levels, and changes in line 
with those suggested here could have a measurable 
positive impact on the health of the population. 

Given the complexity of dietary behavior change, 
consumers will need access to evidence-based 
educational resources and intervention programs and 
services in public health and healthcare settings to 
facilitate adoption and maintenance of healthy dietary 
behaviors. (See Part D. Chapter 3: Individual Diet 
and Physical Activity Behavior Change for discussion 
of what works at the level of individual behavior 
change.) In addition, these efforts should be 
complemented with research-driven environmental 
strategies that make access to affordable healthy foods 
possible in retail, community, worksite, and 
educational settings. (See Part D. Chapter 4: Food 
Environment and Settings for discussion of effective 
environmental approaches to promote dietary change 
across the lifespan.) 

Review of the Evidence 

This question was answered using data from WWEIA, 
NHANES dietary survey data and the National Cancer 
,QVWLWXWH¶V�H[DPLQDWLRQ�RI usual intake distributions for 
2001-200464 and 2007-2010.41 

Fruit²Fruit intake remained relatively stable across 
the 2001-2004 and 2007-2010 time periods (Figure 
D1.25). The only group with significant changes over 
time was males ages 31 to 50 years, for whom mean 
fruit intake decreased. 

Vegetables²Vegetable intake declined from 2001­
2004 to 2007-2010 (Figure D1.26). Across the overall 
population, the mean daily vegetable intake 
significantly declined. Significant declines in mean 
intake occurred among males ages 1 to 3, 4 to 8, 9 to 
13, 14 to 18, and 19 to 30 years. For females, 
significant decreases in mean vegetable intake occurred 
for those ages 1 to 3, 4 to 8, and 9 to 13 years. 

Grains (whole and refined)²Whole grain intake 
significantly increased among the overall population 
between 2001-2004 and 2007-2010 (Figure D1.27). 
Among males, significant increases in mean intake 

occurred for those ages 1 to 3, 4 to 8, 14 to 18, 31 to 
50, and 51 to 70 years. Among females, significant 
increases in mean whole grain intake occurred for those 
ages 9 to 13, 19 to 30, 31 to 50, 51 to 70, and 71 years 
and older (Figure D1.27). Similarly, refined grain 
intake has declined in all age and sex groups between 
2001-2004 and 2007-2010 (Figure D1.28). 

Dairy²Dairy intake remained stable over the entire 
population between 2001-2004 and 2007-2010 (Figure 
D1.29). Significant declines in mean daily intake 
occurred between the two time periods for males ages 
19 to 30 years and females ages 4 to 8 years. 
Significant increases in mean daily dairy intake 
occurred for both males and females ages 51 to 70 
years. 

Protein Foods²Protein food intake remained 
relatively stable for the U.S. population between 2001­
2004 and 2007-2010 (Figure D1.30). Females ages 31 
to 50 and 51 to 70 years had significantly higher mean 
intake in 2007-2010 compared to 2001-2004. These 
were the only groups with any significant change over 
time. 

Added Sugars²Some improvements have been made 
in added sugars intake, with noticeable declines in 
mean intakes for all age groups and among both males 
and females when comparing 2007-2010 data with 
2001-2004 data (Figure D1.31). As seen in Figure 
D1.31, intakes of added sugars are still very high, 
however, and are well above recommended limits, but 
the improvements provide some optimism for 
improved diets.  

For additional details on this body of evidence, visit: 

x Usual Dietary Intakes: Food Intakes, US 
Population, 2007-10: Applied Research Program. 
National Cancer Institute; [updated May 22, 
2014]. Available from: 
http://appliedresearch.cancer.gov/diet/usualintakes 
/pop/2007-10/. 

x Usual Dietary Intakes: Food Intakes, US 
Population, 2001-04: Applied Research Program. 
National Cancer Institute; [updated April 2, 2014]. 
Available from: 
http://appliedresearch.cancer.gov/diet/usualintakes 
/pop/2001-04/. 
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The food sources of nutrients and the patterns in which 
they are consumed are informative in identifying 
strategies to modify dietary intake and eating behaviors 
and help Americans to choose and consume higher 
quality diets. We examined four questions related to 
the foods that are top contributors to intakes of energy, 
food groups, and selected nutrients in the U.S. diet. 
This section describes those food sources and the 
implications for meeting recommended or optimal 
intakes of various food groups and nutrients. 

Question 9: What are current consumption 
patterns by food categories (i.e., foods as 
consumed) in the U.S. population? 

Source of evidence: Data analysis 

Conclusion 

The mixed dishes food category, which includes foods 
commonly used as entrees, such as sandwiches, 
burgers, pizza, pasta or rice mixed dishes, stir-fries, 
soups, and meat or poultry mixed dishes, is the major 
contributor to three USDA Food Pattern food groups² 
grains, vegetables, and protein foods. Fruit and fluid 
milk intake are seldom consumed as part of mixed 
dishes. The mixed dishes food category contributes 
heavily to intake of energy, saturated fat, and sodium; 
however, mixed dishes do provide vegetables, fiber, 
grains, and dairy. 

Implications 

An important strategy for meeting recommended intake 
levels of calories, saturated fat, and sodium is to 
change the composition of mixed dishes that are high 
in calories, saturated fat, and sodium to better meet 
these nutrition goals. Food manufacturers and the food 
service sector (e.g., restaurants, schools) should 
reformulate mixed dishes to improve their nutritional 
profiles. Americans should be encouraged to modify 
recipes to lower the sodium and saturated fat content 
when cooking, to use appropriate portion sizes, and 
choose reformulated mixed dish options when 
available. 

Review of the Evidence 

These conclusions were reached by examining data 
from the WWEIA Food Categories for the NHANES 
2009-2010 dietary survey.65 The WWEIA Food 
Categories provide an application that allows analysts 
to examine foods and beverages as consumed in the 
U.S. diet. Each food or beverage item (as consumed) 
that is included in WWEIA is placed in one of 150 
mutually exclusive food categories. The focus of this 
categorization system is on grouping similar foods and 
beverages together based on usage and nutrient content.  

An adaptation of the food categories was used by the 
2015 DGAC for this analysis related to the 
³VDQGZLFKHV�DQG�EXUJHUV´�DQG�³VDODGV´�FDWHgories. We 
placed all food items reported to be eaten as a 
sandwich, burger, taco, or salad item into the 
³VDQGZLFKHV�DQG�EXUJHUV´�RU�WKH�³VDODGV´�FDWHJRULHV� 
regardless of whether the components were reported as 
separated ingredients or as a single combined item. For 
H[DPSOH��D�IRRG�UHSRUWHG�DV�D�³FKHHVHEXUJHU´��D�VLQJOH�
item) would always be classified in the category of 
³EXUJHUV��VDQGZLFKHV��DQG�WDFRV,´�EXW�D�IRRG�UHSRUWHG� 
as the individual food items of a hamburger bun, a 
hamburger patty, and cheese, eaten as a combination, 
would have been classified in the categories of ³UROOV� 
and buns,´�³JURXQG�PHDW�´�DQG�³FKHHVH�´ The 
adaptation recoded these individually reported foods 
WKDW�ZHUH�HDWHQ�LQ�FRPELQDWLRQ�WR�³EXUJHUV�� 
VDQGZLFKHV��DQG�WDFRV�´�%\�GRLQJ�WKLV��the categories 
used for this analysis more fully represented foods as 
consumed rather than as ingredients.  

The 150 categories from WWEIA were condensed into 
9 major and 32 sub-categories for analysis of the 
percent of total intake for energy, nutrients, and food 
groups from each major and sub-category (see 
Appendix E-2.7: Major categories and subcategories 
used in DGAC analyses of WWEIA Food Categories). 
Analysis was conducted for the population ages 2 and 
older as a whole; analysis of the percent of energy 
intake also was conducted for males and females ages 2 
to 5, 6 to 11, 12 to 19, 20 to 40, 41 to 50, 51 to 70, and 
71 years and older; for race/ethnic groups including 
Non-Hispanic Whites, Non-Hispanic Blacks, and 
Hispanics ages 2 years and older; and for those with 
incomes less than or equal to 185 percent, or greater 
than 185 percent of the Poverty Index Ratio by three 
age groups: 2 to 11, 12 to 19, and 20 years and older. 
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WWEIA data show that Americans consume a 
substantial amount of foods in the form of mixed 
dishes (Figure D1.32). More specifically, 31 percent of 
vegetables, 45 percent of grains, 30 percent of dairy, 
and 45 percent of protein foods come from mixed 
dishes. Mixed dishes (which include foods such as 
sandwiches, burgers, pizza, pasta or rice mixed dishes, 
stir-fries, soups, and meat or poultry mixed dishes) 
make up 28 percent of total energy intake. Of note, 
only small amounts of fruits (1 percent) and fluid milk 
(3 percent) are consumed in mixed dishes²most are 
consumed as single food items, such as an apple or 
glass of milk (see Appendix E-2.8: Percent of total 
food group intake, 2009-2010, for U.S. population 
ages 2 years and older, from WWEIA Food 
Categories). 

When mixed dishes contribute to dairy foods, the 
majority of intake is in the form of cheese. Data show 
that about two-thirds of all cheese intake is from mixed 
dishes such as pizza, burgers, sandwiches, and 
casseroles. Given that cheese is generally higher in 
saturated fat and sodium and lower in potassium and 
vitamin D than is fluid milk (see Question 7b, above, 
and Appendix E-3.6: Dairy Group and Alternatives), 
modifying the types of cheese products used in these 
mixed dishes to lower fat and sodium versions would 
improve their nutritional profile. 

When mixed dishes contribute to the grains group, a 
larger percentage of refined (48 percent) than whole 
(19 percent) grains are consumed as part of these 
dishes. Substitution of whole for refined grains in 
mixed dishes such as burgers, sandwiches, pizza, and 
casseroles containing pasta or rice could improve the 
nutritional profile of grains that are consumed this way. 

Although mixed dishes account for a substantial 
amount of intake of some overconsumed nutrients (43 
percent of sodium, 36 percent of saturated fat), they 
also account for 28 percent of fiber, 29 percent of 
calcium, 24 percent of potassium, and 16 percent of 
vitamin D, all of which are underconsumed nutrients. 
Other food categories that contribute substantially to 
overall energy, sodium, saturated fat, and added sugars 
intake are discussed in the following two questions² 
Question 10��³:KDW�DUH�WKH�WRS�IRRGV�FRQWULEXWLQJ�WR� 
HQHUJ\�LQWDNH�LQ�WKH�8�6��SRSXODWLRQ"´�DQG�4XHVWLRQ� 
11��³:KDW�DUH�WKH�WRS�IRRds contributing to sodium, 
saturated fat, and added sugars intake in the U.S. 
SRSXODWLRQ"´ 

For additional details on this body of evidence, visit: 

x What We Eat in America. Food Categories for the 
NHANES 2009-2010 dietary survey. Available 
from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
23429. 

x Appendix E-2.7: Major categories and 
subcategories used in DGAC Analyses of WWEIA 
Food Categories 

x Appendix E-2.8: Percent of total food group intake, 
2009-10 for U.S. population ages 2 years and older 

Question 10: What are the top foods 
contributing to energy intake in the U.S. 
population? 

Source of evidence: Data Analysis 

Conclusion  

Seventy-five percent of total energy intake in the U.S. 
population comes from 16 of the 32 food sub­
categories, with mixed dishes, snacks and sweets, and 
beverages together contributing to more than half (56 
percent) of energy intake in the U.S. population. 

Implications 

The foods with the highest contribution to energy 
intake are burgers, sandwiches, and tacos; desserts and 
sweet snacks; and sugar-sweetened beverages. Given 
the link to energy intake, reduced consumption of these 
foods and beverages or modifying the ways these foods 
are prepared, as well as consumption of smaller portion 
sizes, may help prevent excess weight gain or may help 
with weight reduction. 

Public health strategies (e.g., programs, regulations, 
and policies) and product reformulation are needed to 
help individuals achieve recommendations.  

Review of the Evidence 

These conclusions were reached by examining data 
from the WWEIA Food Categories for the NHANES 
2009-2010 dietary survey,65 as described in relation to 
question 9 (current consumption patterns by food 
categories in the U.S. population). 
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The top foods contributing to energy intake in the U.S. 
population are concentrated in several food categories, 
as shown in Figure D1.33. Three food categories 
account for more than half (56 percent) of all energy 
consumed: 1) Mixed dishes (which include foods such 
as sandwiches, burgers, pizza, pasta or rice mixed 
dishes, stir-fries, soups, and meat or poultry mixed 
dishes); 2) snacks and sweets, (which includes foods 
such as chips, cakes, pies, cookies, doughnuts, ice 
cream, and candy), and 3) beverages other than milk 
and 100% fruit juice (such as soft drinks, fruit drinks, 
coffee and tea, and alcoholic beverages) . 

Examining energy intake from the more specific 32 
food subcategories shows that almost half of total 
energy intake comes from just 7 of these sub-categories 
(Table D1.12): Burgers and sandwiches (13.8 percent); 
desserts and sweet snacks (8.5 percent); sugar-
sweetened beverages (6.5 percent); rice, pasta, and 
grain-based mixed dishes (5.5 percent); chips, crackers, 
and savory snacks (4.6 percent); pizza (4.3 percent); 
and meat, poultry, and seafood mixed dishes (3.9 
percent). Further examination of the 32 subcategories 
shows that 75 percent of all energy intake comes from 
the 7 subcategories previously described, plus 
vegetables (including starchy vegetables), alcoholic 
beverages, yeast breads and tortillas, whole and 2 
percent milk and yogurt, breakfast cereals and bars, 
poultry, and candy and sugars. 

As noted in Question 9, (current consumption patterns 
by food categories in the U.S. population), some of the 
food sub-categories that provide substantial amounts of 
energy also provide underconsumed food groups and 
nutrients. On the other hand, several of these 
subcategories, notably desserts and sweet snacks and 
sugar-sweetened beverages, tend to contribute to 
energy intake with little contribution to underconsumed 
food groups (see Appendix E-2.8: Percent of total 
food group intake, 2009-2010, for the U.S. population 
ages 2 years and older, from WWEIA Food 
Categories) and nutrients (see Appendix E-2.9: 
Percent of total energy and nutrient intake, 2009­
2010, for the U.S. population ages 2 years and older, 
from WWEIA Food Categories), but major 
contributions to one or more overconsumed food 
components (see Question 11: What are the top foods 
contributing to sodium, saturated fat, and added sugars 
intake in the U.S. population?). 

Analysis of the food sources of energy by age and sex 
groups showed the expected higher percent of energy 
from dairy among children, especially young children, 
but no other major differences. Analysis by 
racial/ethnic groups and by income groups did not 
show major differences (see Appendix 2.10: Percent of
total energy intake, 2009-2010, for age/sex groups of
the U.S. population, from WWEIA Food Categories,
Appendix E-2.11: Percent of total energy intake, 
2009-2010, for racial/ethnic groups of the U.S. 
population, from WWEIA Food Categories, and
Appendix E-2.12: Percent of total energy intake, 
2009-2010, for age/income groups of the U.S. 
population, from WWEIA Food Categories). 

For additional details on this body of evidence, visit: 

x	 What We Eat in America. Food Categories for the 
NHANES 2009-10 dietary survey. Available from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
23429. 

x	 Appendix E-2.7: Major categories and 
subcategories used in DGAC Analyses of WWEIA 
Food Categories 

x	 Appendix E-2.8: Percent of total food group intake, 
2009-2010, for U.S. population ages 2 years and 
older, from WWEIA Food Categories 

x	 Appendix E-2.9: Percent of total energy and 
nutrient intake, 2009-2010, for the U.S. population 
ages 2 years and older, from WWEIA Food 
Categories 

x	 Appendix E-2.10: Percent of total energy intake, 
2009-2010, for age/sex groups of the U.S. 
population, from WWEIA Food Categories 

x	 Appendix E-2.11: Percent of total energy intake, 
2009-2010, for racial/ethnic groups of the U.S. 
population, from WWEIA Food Categories 

x	 Appendix E-2.12: Percent of total energy intake, 
2009-2010, for age/income groups of the U.S. 
population, from WWEIA Food Categories 

Question 11: What are the top foods 
contributing to sodium, saturated fat, and 
added sugars intake in the U.S. population? 

Source of Evidence: Data analysis 

Conclusion 

Mixed dishes are the largest contributor to intake of 
sodium (44 percent) and saturated fat (38 percent). 
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Sodium and saturated fat have both been identified as 
 

nutrients of concern for overconsumption. Within 
 

mixed dishes, the sub-category of burgers and 
 

sandwiches is the largest contributor for both nutrients.
 
 

Sodium is ubiquitous in the food supply and many food 
 

categories contribute to intake.
 
 
Beverages supply 47 percent of added sugars intake.  
 


Snacks and sweets also are a major contributor to 
 

added sugars (31 percent) and saturated fat intake (18
 
 
percent).  
 


Implications 

To decrease dietary intake from added sugars, the U.S. 
population should reduce consumption of sugar-
sweetened beverages and of desserts and sweet snacks. 

The U.S. population can use a variety of strategies to 
reduce consumption of sodium, saturated fat, and 
added sugars, including smaller portion sizes, reduced 
frequency of consumption, and recipe modification. 

Given the ubiquity of sodium in the food supply, 
concerted efforts to reduce sodium in commercially 
prepared and processed foods, as well as 
encouragement of home cooking using recipes with 
small amounts of sodium are needed to decrease intake 
toward recommended levels. 

Review of the Evidence 

These conclusions were reached by examining data 
from the WWEIA Food Categories for the NHANES 
2009-2010 dietary survey,65 as described in relation to 
Question 9 (current consumption patterns by food 
categories in the U.S. population). 

The category of mixed dishes contributes substantially 
more saturated fat (36 percent) and sodium (43 percent) 
to diets of the U.S. population than does any other 
category. Within this category, the largest share of both 
saturated fat (19 percent) and sodium (21 percent) 
comes from the subcategory of burgers, sandwiches, 
and tacos. The other subcategories that also contribute 
notable amounts of saturated fat and sodium are pizza 
(approximately 6 percent for both); rice, pasta, and 
other grain-based mixed dishes (5 percent and 7 
percent); and meat, poultry, and seafood mixed dishes 
(5 percent and 7 percent). Soups contribute a notable 

amount of sodium (4 percent) but less saturated fat (1 
percent) (Figures D1.34 and D1.35). 

Other food categories contributing substantial amounts 
of saturated fat include snacks and sweets (18 percent), 
protein foods (15 percent), and dairy (13 percent). 
Within snacks and sweets, the subcategory providing 
the largest share is desserts and sweet snacks (12 
percent). Within protein foods, saturated fat comes 
from meats, in general (3 percent), deli and cured 
meats and poultry (3 percent), poultry (3 percent), and 
eggs (3 percent), with seafood and nuts, seeds, and soy 
each contributing less than 3 percent. Within the dairy 
category, higher fat (whole and 2 percent) milk and 
yogurt (7 percent) and cheese (4 percent) contribute the 
most saturated fat. 

Sodium is more ubiquitous in the food supply than are 
other nutrients, and the food categories contributing the 
highest amounts of sodium include protein foods (14 
percent), grains (11 percent), vegetables (11 percent), 
and snacks and sweets (8 percent). Sodium is 
distributed throughout many food categories and 
subcategories with the exception of fruits and fruit 
juice, which are notably low in sodium (0.1 percent). 

The distribution of added sugars in foods as consumed 
differs from saturated fat and sodium (Figure D1.36). 
The vast majority of added sugars intake comes from 
the major categories of beverages (not including milk 
and 100% fruit juice) (47 percent) and snacks and 
sweets (31 percent). Grains, including breakfast cereals 
and bars, contribute 8 percent, mixed dishes contribute 
6 percent, and dairy, including sweetened flavored 
milks and yogurts contribute only 4 percent of total 
added sugars intake (see Appendix E-2.8: Percent of 
total food group intake, 2009-2010, for the U.S. 
population ages 2 years and older, from WWEIA 
Food Categories). 

Four additional questions were examined using the 
WWEIA Food Categories data. They are: 

11a. What is the current contribution of fruit products 
with added sugars to intake of added sugars? 
11b. What is the current contribution of vegetable 
products with added sodium to intake of sodium? 
11c. What is the current contribution of refined grains 
to intake of added sugars, saturated fat, some forms of 
polyunsaturated fat, and sodium? 
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11d. What are the sources of caffeine from foods and 
beverages on the basis of age and sex categories? 

With regard to Question 11a, the DGAC found that: 

x	 Less than 1 percent of total added sugars come 
from fruits and 100% fruit juice foods 
(including fresh, canned, frozen, dried fruit and 
fruit salads) (see Appendix E-2.8: Percent of
total food group intake, 2009-2010, for the 
U.S. population ages 2 years and older, from 
WWEIA Food Categories). 

With regard to Question 11b, the DGAC found that: 

x	 11 percent of total sodium comes from all 
vegetables (with starchy vegetables), including 
beans and peas, vegetable mixtures, lettuce 
salads, pasta sauces, and vegetable juice (see
Appendix E-2.9: Percent of total energy and 
nutrient intake, 2009-2010, for the U.S. 
population ages 2 years and older, from 
WWEIA Food Categories). 

x	 When vegetables are categorized by starchy or 
non-starchy, we found that: 
o	 7 percent of total sodium comes from all 

vegetables, excluding starchy vegetables, 
and 

o	 4 percent comes from starchy vegetables, 
including French fries and other fried 
potatoes, mashed potatoes, all other 
potatoes, corn, and other starchy 
vegetables. 

With regard to Question 11c:  

x	 The DGAC could not directly determine the 
contribution of refined grains to the nutrients 
of interest with the currently available data. 
However, the food categories that make up 
more than 90 percent of all refined grain intake 
(i.e., burgers, sandwiches, and tacos; breads 
and tortillas; rice and pasta mixed dishes; 
desserts and sweet snacks; pizza; chips, 
crackers, and savory snacks; quick breads; rice 
and pasta; and meat, poultry, and seafood 
mixed dishes) account for: 
o	 28 percent of all added sugars intake 
o	 47 percent of all saturated fat intake 
o	 50 percent of all sodium intake 

(see Appendix E-2.8: Percent of total food 
group intake, 2009-2010, for the U.S. 
population ages 2 years and older, from 
WWEIA Food Categories and Appendix E­
2.9: Percent of total energy and nutrient 
intake, 2009-2010 for the U.S. population
ages 2 years and older, from WWEIA Food 
Categories) 

With regard to Question 11d, the DGAC found that 
(Figure D1.37): 

x	 Among children and adolescents, sugar-
sweetened and diet beverages and coffee and 
tea contribute to overall caffeine intake at 
approximately equal levels. 

x	 Among adults, the primary sources of caffeine 
from all foods and beverages are coffee and 
tea. 

For additional details on this body of evidence, visit: 

x	 What We Eat in America. Food Categories for the 
NHANES 2009-10 dietary survey. Available 
from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid 
=23429. 

x	 Appendix E-2.7: Major categories and 
subcategories used in DGAC analyses of WWEIA 
Food Categories 

x	 Appendix E-2.8: Percent of total food group 
intake, 2009-2010, for the U.S. population ages 2 
years and older, from WWEIA Food Categories 

x	 Appendix E-2.9: Percent of total energy and 
nutrient intake, 2009-2010, for the U.S. 
population ages 2 years and older, from WWEIA 
Food Categories 

Question 12: What is the contribution of 
beverage types to energy intake by the U.S. 
population? 

Source of evidence: Data analysis 

Conclusion  

Beverages contribute 19 percent of total energy intake. 
Of this 19 percent of energy, major sources are sugar-
sweetened beverages (35 percent), milk and milk 
drinks (26 percent), and 100% fruit juices (10 percent). 
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Implications 

The beverages that contribute the most to energy 
intake, particularly sugar-sweetened beverages, are 
those that are not nutrient dense and could be targeted 
for reduction. Others, like milk, fortified low-and non­
fat milk, and milk beverage are good sources of key 
nutrients. Modifying the types of beverages consumed 
can reduce calories (e.g., switching from sugar-
sweetened beverages to water) or improve nutrient 
intakes (e.g., switching from sugar-sweetened 
beverages to low-fat or fat-free milk). This may be an 
important strategy for individuals who need to reduce 
their energy intake and/or control their weight. Public 
health strategies (e.g., programs, regulations, and 
policies) are needed to reduce consumption of sugar-
sweetened beverages. 

Strategies are needed to encourage the U.S. population 
to drink water when they are thirsty. Water provides a 
healthy, low-cost, zero-calorie beverage option. Free, 
clean water should be available in public settings, as 
well as child care facilities, schools, worksites, 
publically funded athletic stadiums and arenas, 
transportation hubs (e.g., airports) and other 
community places and should be promoted in all 
settings where beverages are offered. 

Review of the Evidence 

These conclusions were reached by examining data 
from the WWEIA Food Categories data from the 
NHANES 2009-2010 dietary survey,65 as described in 
relation to question 9 (current consumption patterns by 
food categories in the U.S. population). For this 
question, a new grouping of all beverages, including 
fluid milk and 100% fruit juice, was created. The 
conclusions and details below are based on this 
category of all beverages (see Appendix E-2.7: Major 
categories and subcategories used in DGAC analyses 
of WWEIA Food Categories). 

All beverages account for about one-fifth (19 percent) 
of total energy intake. Within that amount, about one-
third (35 percent) is from sugar-sweetened beverages, 
mostly soft drinks and sweetened fruit drinks (see
Appendix E-2.9: Percent of total energy and nutrient 
intake, 2009-2010, for the U.S. population ages 2 
years and older, from WWEIA Food Categories). 
About 20 percent of the calories from beverages come 
from alcoholic beverages (21 percent), and milk and 

milk drinks made with whole and 2 percent fat (18 
percent). About 10 percent of the calories from 
beverages come from 100% fruit and vegetable juice 
(10 percent), fat-free and low-fat milk and milk drinks 
(8 percent), and coffee and tea (8 percent) (Figure 
D1.38). 

For additional details on this body of evidence, visit: 

x	 What We Eat in America. Food Categories for the 
NHANES 2009-10 dietary survey. Available from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
23429. 

x	 Appendix E-2.7: Major categories and 
subcategories used in DGAC analyses of WWEIA 
Food Categories 

x	 Appendix E-2.9: Percent of total energy and 
nutrient intake, 2009-2010, for the U.S. population 
ages 2 years and older, from WWEIA food 
categories 

($7,1*�%(+$9,256²&855(17�67$786�
$1'�75(1'6� 

Diet quality and energy balance directly affect health 
and weight status. Eating behaviors, such as when 
people eat (e.g., patterns of meals and snacks, meal and 
snack frequency), meal skipping, and the locations 
where food is obtained and consumed (e.g., retail and 
restaurants) influence dietary intake and quality. 
Assessing and understanding eating behaviors of the 
U.S. population can shed light on ways to improve 
food choices, weight status, and health outcomes of 
Americans.  

Question 13: What are the current status and 
trends in the number of daily eating occasions 
and frequency of meal skipping? How do diet 
quality and energy content vary based on 
eating occasion? 

Source of evidence: Data analysis 

Conclusion 

The majority of the U.S. population consumes three 
meals a day plus at least one snack. Children ages 2 to 
5 years are most likely to consume three meals a day 
and adolescent females, young adult males, non-
Hispanic Blacks, Hispanics, and individuals with lower 
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incomes are least likely to consume three meals a day. 
Trend data from 2005-2006 to 2009-2010 show little 
change in meal and snack intake patterns. 

Breakfast tends to have a higher overall dietary quality 
because of its higher nutrient density compared to other 
meals and snacks. Adolescents and young adults are 
the least likely to eat breakfast. Snacks contribute about 
one-fourth of daily energy intake for the U.S. 
population and are lower in nutrients of concern 
relative to energy intake than are meals. For young 
children ages 2 to 5 years, 29 percent of daily energy is 
from snacks. 

Implications 

Understanding eating behaviors is important for 
designing and implementing strategies to reduce 
obesity and other diet-related chronic diseases and for 
improving overall health. Breakfast eating is associated 
with more favorable nutrient intakes compared to 
nutrient intakes from other meals or snacks. 
Adolescents and young adults are the least likely to eat 
breakfast, and targeted promotion efforts are needed to 
reach these groups. For children and adolescents, the 
school breakfast program is an important venue for 
promoting breakfast consumption and efforts are 
needed to increase student participation rates.  

Americans are frequent snackers and snacks contribute 
substantially to daily energy intake and tend to be 
lower than meals in shortfall nutrients of public health 
concern relative to energy intake. Because snack foods 
and beverages are readily available and accessible in 
multiple settings throughout the day, both population-
level environmental changes and individual behavioral 
interventions and communications are needed to ensure 
that healthy choices are available in these settings and 
to minimize their contribution to excess energy intake.  

Individuals with lower incomes are less likely to eat 
three meals a day compared to higher income 
individuals and low-income households are more likely 
to be food insecure. The federal nutrition programs 
play a key role in reducing food insecurity and 
improving nutritional health. 

Review of the Evidence 

These conclusions were reached by examining existing 
WWEIA NHANES data tables,5 from NHANES 2009­

2010 for current intakes, and WWEIA, NHANES 
2003-2004, 2005-2006 and 2007-2008 data for trends. 
Respondents self-identified the specific meal or snack 
occasion for each food and beverage consumed.  

Eating Occasions: Meals²Three meals a day is the 
current norm for most of the U.S. population ages 2 
years and older, with almost two-thirds (63 percent) 
eating breakfast, lunch, and dinner (Figure D1.39). 
However, there are differences by age, sex, 
racial/ethnicity group, and income level. By age group, 
consuming three meals a day follows a modest U-
shaped curve where it is most likely for children ages 2 
to 5 years (84 percent). It then declines, and reaches its 
lowest point during adolescence and young adulthood, 
and then increases with age through the adult years. 
Adolescent females (12 to 19 years) and young adult 
males (20 to 29 years) are the most likely to not eat 
three meals a day (49 percent). For all other age/sex 
groups, eating three meals a day is reported by 59 to 73 
percent of respondents. Eating only one meal a day is 
most likely for young adult males (12 percent) and 
adolescent females (10 percent). However, all but 1 
percent of these respondents, consumed at least two or 
more snacks a day (Table D1.13). 

Among the U.S. population ages 2 years and older, 15 
percent do not eat breakfast, 20 percent do not eat 
lunch, and 7 percent do not eat dinner. Breakfast is 
most likely to be skipped by young adults ages 20 to 29 
years (28 percent of males, 22 percent of females) and 
adolescents (25 percent of females, 26 percent of 
males). Breakfast skipping declines sharply with 
advancing age. Lunch is not eaten by 25 percent of 
adolescent females and from 17 to 28 percent of all 
adult age groups (Table D1.14). 

Non-Hispanic whites are most likely to report 
consuming three meals a day, across all 
age/sex/racial/ethnic groups, with 68 percent reporting 
breakfast, lunch, and dinner consumption. For non-
Hispanic Blacks, slightly less than half (48 percent) 
consumed all three meals, and for all Hispanics, 
slightly more than half (52 percent). Non-Hispanic 
Blacks ages 12 to 19 years and 20 years and older, and 
Hispanics ages 12 to 19 years, were least likely to 
consume three meals a day (42 percent, 45 percent, and 
45 percent, respectively) and most likely to consume 
only one meal a day (18 percent, 11 percent, and 10 
percent).66 
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The percent of individuals consuming three meals a 
day increases with higher income levels. For those 
below 131 percent and from 131 to 185 percent of the 
poverty threshold, 53 percent and 56 percent report 
three meals a day, while for those above 185 percent of 
the threshold, 70 percent report three meals a day. For 
lower income individuals, the lower number of meals 
consumed per day is much more evident for older 
children and adults. Among children ages 2 to 5 years 
in the three income groupings, 81 percent, 82 percent, 
and 88 percent, respectively, report consuming three 
meals a day, while for adults ages 20 years and older, 
the corresponding percentages are 48 percent, 54 
percent, and 70 percent, respectively.67 

Eating Occasions: Snacks²Nearly all of the U.S. 
population ages 2 years and older consume at least one 
snack a day (96 percent). The most common snacking 
pattern for most age, sex, racial/ethnic and income 
groups is two to three snacks per day. Females and 
males ages 70 years and older are most likely to report 
eating one or fewer snacks per day (26 percent), and 
children ages 2 to 5 years are the least likely (10 
percent). Children ages 2 to 5 years are most likely of 
any age group to report four or more snacks per day, 
across all racial/ethnic groups.68 

The number of individuals reporting one or fewer 
snacks per day is highest (25 percent) for those below 
131 percent of the poverty threshold, and lowest (17 
percent) for those above 185 percent of the threshold. 
Consumption of four or more snacks per day is lowest 
(25 percent) for those below 131 percent of the poverty 
threshold and highest (35 percent) for those above 185 
percent of the threshold. However, for all income 
groups, 2 to 3 snacks per day is the modal number and 
similar across income groups (51 percent, 48 percent, 
48 percent).67 

Trends²Trend data from NHANES from 2005-2006 
to 2009-2010 show little change in number of daily 
eating occasions or frequency of meal skipping (Table 
D1.15). 

Diet Quality and Energy Content by Eating 
Occasion²For this analysis, diet quality is defined as 
a comparison of nutrient or food group content to 
energy content of a specified set of foods or beverages. 
In this question, diet quality compares the proportion of 
total nutrient intake at a given eating occasion to the 
proportion of energy intake at that eating occasion. 

This analysis is summarized in Figure D1.40 and 
described below. In looking at this Figure, it should be 
noted that percent of total intake of nutrients of concern 
are shown in comparison to percent of total energy. If a 
nutrient is above the energy line, the meal/snack is a 
relatively higher source of that nutrient. If it is below 
the energy line, it is a relatively lower source. 

Breakfast has a higher overall diet quality compared to 
lunch, dinner or snacks. Breakfast consists of 15 to 20 
percent RI�WKH�GD\¶V�WRWDO�HQHUJ\�LQWDNH��7DEOH�'������
but has a higher percent of nutrients. For all the 
shortfall nutrients of public health concern (fiber, 
folate, vitamin D, calcium, iron, and potassium), a 
KLJKHU�SHUFHQW�RI�WKH�GD\¶V�WRWDO�LQWDNH�ZDV�FRQVXPHG�
compared to the percent of energy consumed (Figure 
D1.40) 

Among the U.S. population ages 2 years and older, 
about one fourth (24 percent) of daily energy intake is 
consumed at lunch and about one-third (35 percent) is 
consumed at dinner (Table D1.16). In terms of dietary 
quality, lunch is neutral, with similar percents of total 
nutrients and energy intakes for most nutrients. Dinner, 
which provides the greatest amount of daily total 
energy intake, has a higher percent of fiber, and 
potassium in comparison to percent energy, but 
calcium and several other nutrients are lower in 
comparison to percent energy. Sodium and saturated fat 
are higher as a percent of their total intakes than is 
energy intake. Further, the percent of total daily intake 
of sodium and saturated fat consumed at dinner is 
higher compared to other meals and snacks (Figure 
D1.40). 

About one-fourth (24 percent) of daily energy intake 
comes from snacks. For young children ages 2 to 5 
years, 29 percent of daily energy is from snacks (Table 
D1.17). Snacks provide the lowest percent of key 
nutrients (protein, iron, vitamin D, fiber, and 
potassium) relative to the percent of energy provided. 
Snacks provide 42 percent of the daily intake of added 
sugars. A lower percent of total sodium than of energy 
is provided by snacks. Snacks provide roughly the 
same percent of total intake of calcium as they do 
energy. This is also true of saturated fat for females 
(Table D1.17). 
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For additional details on this body of evidence, visit: 

x	 Percent of the U.S. population consuming or 
skipping meals and snacks, 2001-2002, 2005-2006, 
2007-2008, and 2009-2010 by age/sex groups, 
race/ethnicity, and percent of the poverty threshold. 
Available from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
18349. 

x	 Percent of total energy and nutrient intake by 
meal/snack, 2001-2002, 2005-2006, 2007-2008 and 
2009-2010 by age/sex groups, race/ethnicity, and 
percent of the poverty threshold. Available from: 
http://seprl.ars.usda.gov/Services/docs.htm?docid= 
18349. 

Question 14: What are the current status and 
trends in the location of meal and snack 
consumption and sources of food and 
beverages consumed at home and away from 
home? How do diet quality and energy content 
vary based on the food and beverage source? 

Source of evidence: Data analysis 

Conclusion 

About two-thirds of the calories consumed by the U.S. 
population are purchased at a store (69 percent), such 
as a grocery store or supermarket, and consumed in the 
home. The percent of calories eaten away from home 
(32 percent) has remained about the same since 2003­
2004. 

Food group and nutrient quality as measured by the 
Healthy Eating Index (HEI) vary by where food is 
obtained. Despite this, no matter where the food is 
obtained, diet quality of the U.S. populations does not 
meet recommendations for fruit, vegetables, dairy, 
whole grains, and exceeds recommendations for 
sodium, saturated fats, refined grains, solid fats, and 
added sugars. 

Implications 

7KH�RYHUDOO�GLHW�TXDOLW\�RI�WKH�8�6��SRSXODWLRQ¶V�GLHWDU\�
patterns, regardless of where the food is purchased and 
eaten, is of major public health concern. Given that 
fruit, vegetables, dairy, and whole grains are consumed 
in less than recommended amounts and that sodium, 
saturated fats, refined grains, solid fats, and added 
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sugars exceed recommended levels, urgent action is 
needed at individual and population levels to alter food 
purchasing and consumption habits. 

Efforts are needed by the food industry and food retail 
(food stores and restaurants) sectors to market and 
promote healthy foods. The general public needs to be 
encouraged to purchase these healthier options. Making 
healthy options the default choice in restaurants (e.g., 
fat-free/low-fat milk instead of sugar-sweetened 
beverages, and fruit and non-fried vegetables in 
&KLOGUHQ¶V�0HDOV��ZKROH�ZKHDW�EXQV�LQVWHDG�RI�UHILQHG�
grain buns for sandwich meals) would facilitate the 
consumption of more nutrient dense diets. Food 
manufacturers and restaurants should reformulate foods 
to make them lower in overconsumed nutrients 
(sodium, added sugars and saturated fat) and calories 
and higher in whole grains, fruits and vegetables. 

In addition, Federal regulations for food labeling need 
to be updated. Food labels are an important tool to 
enable the public to follow the Dietary Guidelines and 
to make healthy food choices. They provide consumers 
with quick, easy to use information about the food they 
are purchasing. They also lead food companies to 
reformulate their food products to meet consumer 
demand. As recently proposed by the FDA, updates are 
needed in the Nutrition Facts label on packaged foods 
to emphasize calories, serving sizes, and nutrients of 
concern (including overconsumed nutrients such as 
sodium). Consumers also may benefit from a 
standardized Front of Pack label that gives clear 
guidance such as proposed by the IOM panel on FOP 
labeling.69 

In addition to regulatory, policy, environmental and 
organizational changes, individual behavioral strategies 
are also needed to help Americans improve dietary 
behaviors. Comprehensive lifestyle interventions in a 
variety of settings and nutrition counseling by 
professionals in health care settings can modify dietary 
behaviors and improve health outcomes. 

Review of the Evidence 

This conclusion was reached by examining a new 
analysis of WWEIA, NHANES food intake data, from 
WWEIA NHANES 2009-2010 for current status, and 
WWEIA NHANES 2003-2004, 2005-2006 and 2007­
2008 for trends (see Appendix E-2.13: Percent of
energy intake from major points of purchase and 
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location of eating, 2003-2004, 2005-2006, 2007-2008,
2009-2010, for the U.S. population ages 2 years and 
older and Appendix E-2.14: Food group and nutrient 
content of foods per 1000 calories obtained from
major points of purchase, 2003-2004, 2005-2006, 
2007-2008, 2009-2010, for the U.S. population ages 2 
years and older). This analysis was requested by the 
DGAC to answer the question. In addition, the DGAC 
reviewed the ERS publication Nutritional Quality of
Food Prepared at Home and Away from Home, 1977­
200870 to ascertain longer-term trends. 

Respondents self-identified the food source (point of 
purchase) for each food or beverage they reported. For 
this analysis, food sources were grouped into the 
following categories: stores (grocery, supermarket, 
convenience/corner stores), full-service restaurants 
(defined as table service restaurants), quick-serve 
restaurants (includes fast food, counter service, and 
vending machines), school (includes child care). The 
location of eating, either at home or away from home, 
also was examined (Figure D1.41). 

Americans increased their away-from-home share of 
caloric intake from 18 percent in 1977-1978 to 32 
percent in 2005-2008, mainly from full service and fast 
food restaurants.70 The percent of calories eaten away 
from home has remained roughly the same since 2003­
2004. In 2009-2010, 69 percent of calories consumed 
by Americans were purchased from a store and 58 
percent were eaten at home. This is about the same 
percent from 2003-2008 (Figure D1.41). 

Diet quality was assessed using a density approach 
expressed as the amount of food group or nutrient per 
1000 calories consumed, for each source from which 
food is obtained. The point of purchase (e.g., food 
store) is used as a proxy for where the food is 
consumed (e.g., home) because most food from stores 
are consumed at home, and most foods from other 
points of purchase are consumed away from home. 
Diet quality for a food group or nutrient for each food 
source obtained/consumed was then compared to the 
standard for an optimal HEI score per 1000 calories.71 

For saturated fat intake, the amount from each source 
was compared to the 2010 Dietary Guidelines limit for 
saturated fat intake. 

Fruit²Fruit group density (cups per 1000 calories) is 
well below the HEI standard regardless of where the 
food is obtained or consumed. Amounts of fruit 

obtained and consumed differ by source, with full 
service and fast-food restaurants providing much less 
fruit per 1000 calories compared to other sources. This 
changed little from 2003-2004 to 2009-2010. Amount 
of fruit per 1000 calories is highest from schools/day 
care, and increased from 2003-2004 to 2009-2010, 
especially from 2007-2008 on (Figure D1.42). 

Vegetables²Density for vegetables (cups per 1000 
calories) falls below recommended intakes regardless 
of where food is obtained (Figure D1.43). Amounts of 
total vegetables and the starchy and other vegetable 
subgroups are shown in Figures D1.43 and D1.44. 
(Other vegetables are those not in the dark green, red 
orange, or starchy subgroups, such as green beans, 
iceberg lettuce, onions, cabbage, cucumbers.) Amounts 
of total vegetables and other vegetables per 1000 
calorie are highest for restaurants, especially full 
service restaurants, with a slight downward trend from 
2007-2008 to 2009-2010 (Figures D1.43 and D1.44). 
Amounts of total vegetables and starchy vegetables per 
1000 calories from schools/daycare show a suggestive 
decrease in 2009-2010 compared to earlier years. 
Density for all vegetable subgroups by source for 2003­
2004 through 2009-2010 are listed in Table D1.18. 

Dairy²Amounts of total dairy products (fluid milk, 
cheese, and yogurt) are highest from schools/day care 
sources and are above the HEI standard, with an 
increase from 2007-2008. Amounts from other sources 
are far below recommendations (Figure D1.45). 

Whole and refined grains²Whole grain density per 
1000 calories is far below the HEI standard and is low 
for all food sources with little change since 2003-2004. 
On the other hand, refined grains exceed the HEI limit 
for all food sources, with the highest amount coming 
from quick serve restaurants (Figure D1.46). 

Protein foods²Amounts of total protein foods per 
1000 calories are above the HEI standard for full 
service restaurants and fast food restaurants (Figure 
D1.47). 

Sodium²Amounts of sodium per 1000 calories are 
well above the HEI limit and do not differ greatly 
across sources. However, the density from full service 
and fast food restaurants are somewhat higher than 
from stores. There has been little change from 2003­
2004 to 2009-2010 (Figure D1.48). 
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Saturated fats²Amounts of saturated fat per 1000 
calories is well above the Dietary Guidelines limit and 
do not differ greatly across sources. However, the 
density from fast food restaurants is somewhat higher 
than from stores. There has been little change from 
2003-2004 to 2009-2010 (Figure D1.49). 

Empty calories²(defined as the total calories from 
solid fats and added sugars). Empty calories are well 
above the HEI limit (190 calories per 1000 calories) for 
all food sources, with the highest amount from fast 
food restaurants, but no large differences among 
sources. Empty calories have trended downward since 
2003-2004 (Figure D1.50). The HEI does not have a 
separate HEI standard for added sugars and solid fats. 
Both added sugars and solid fats have decreased since 
2003-2004. (Figures D1.51, D1.52) The highest 
amounts of added sugars are obtained from stores and 
the highest amounts of solid fats are obtained from fast 
food restaurants. 

Food group density by age group²For children ages 
2 to 5 years, fruit group density per 1000 calories from 
schools and stores reaches the HEI standard. School 
foods provide the highest fruit density among all food 
sources for 6-11 year olds, with an increase since 2007­
2008. All other age groups do not reach the HEI 
standard for fruit from any source, although the store 
location is consistently the top source for adults. 
Vegetable density from full service restaurants reaches 
the HEI standard for ages 51-70 and 71 years and 
older. All sources of vegetables are below the standard 
for children, adolescents and adults under age 50. Dairy 
product density from child care and stores meet the 
HEI standard for children ages 2-5 and from schools 
for children ages 6-19. School foods provide the 
highest dairy product density among all food sources in 
FKLOGUHQ¶V�GLHWV��)RU�VFKRRO�DJH�FKLOGUHQ�DQG�
adolescents, school foods are the only food source that 
meets the recommended amount of dairy products. 
Among adults, dairy product density is low for all 
sources. For children ages 6-11, there is a difference in 
the added sugars density by source, with schools 
having less added sugars per 1000 calories than other 
sources. This difference is not as clear for younger 
children or adolescents. For adults the highest amount 
of added sugars per 1000 calories is from stores. For 
most age groups, there is a slight downward trend, 
especially in the density of added sugars from stores 
(see Appendix E-2.15: Amount of key nutrients and 
food groups by age group per 1000 calories from each 

point of purchase, 2003-2004, 2005-2006, 2007-2008,
and 2009-2010). 

For additional details on this body of evidence, visit: 

x	 Appendix E-2.13: Percent of energy intake from 
major points of purchase and location of eating, 
2003-2004, 2005-2006, 2007-2008, and 2009­
2010, for the U.S. population ages 2 years and 
older 

x	 Appendix E-2.14: Food group and nutrient content 
of foods per 1000 calories obtained from major 
points of purchase, 2003-2004, 2005-2006, 2007­
2008, and 2009-2010, for the U.S. population 
ages2 years and older 

x	 Appendix E-2.15: Amount of key nutrients and 
food groups by age group per 1000 calories from 
each major point of purchase, 2003-2004, 2005­
2006, 2007-2008, and 2009-2010 

x	 ERS report, Nutritional Quality of Food Prepared 
at Home and Away from Home, 1977-2008. 
Available from: 
http://www.ers.usda.gov/publications/eib­
economic-information-bulletin/eib105.aspx. 

35(9$/(1&(�2)�+($/7+�&21',7,216�
$1'�75(1'6� 

Preventable, diet- and lifestyle-related chronic diseases, 
including high blood pressure, CVD, type 2 diabetes, 
and certain cancers, contribute to the high and rising 
costs of U.S. health care. Adults with overweight or 
obesity frequently have co-morbid conditions and 
higher chronic disease risk profiles that contribute 
substantially to higher health care costs. These health 
problems are persistent in the population and pose 
major public health concerns. Increasing rates of 
overweight and obesity among American youth have 
resulted in rising rates of CVD risk factors, including 
borderline high blood pressure and diabetes, in this 
population. Health disparities in risk profiles and 
disease rates are evident across racial, ethnic, and 
income strata. In a new health care and public health 
vision, prevention of chronic diseases and other 
lifestyle-related health problems would become a major 
focus. Examining the status and trends in these health 
conditions provides a framework for discussing their 
relationship to dietary intake and lifestyle factors and 
can help in identifying evidence-based strategies for 
prevention. 
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Question15:  What is the current prevalence of 
overweight/obesity and distribution of body 
weight, BMI, and abdominal obesity in the U.S. 
population and in specific age, sex, 
racial/ethnic, and income groups? What are 
the trends in prevalence? 

Source of evidence: Data analysis 

Conclusion 

The current rates of overweight and obesity are 
extremely high among children, adolescents, and 
adults. These high rates have persisted for more than 25 
years. 

Overall, 65 percent of adult females and 70 percent of 
adult males are overweight or obese, and rates are 
highest in adults ages 40 years and older. Rates of 
overweight and obesity in adults vary by age and 
race/ethnicity. 

x	 Overweight (excluding obesity) is most 
prevalent in those ages 40 years and older, and 
in Hispanic American adults. 

x	 Obesity is most prevalent in those 40 years of 
age or older and in African American adults. 
Obesity is least prevalent in adults with highest 
incomes (400+ percent the poverty threshold). 

Abdominal obesity is present in U.S. adults of all ages, 
increases with age, and varies by sex and 
race/ethnicity. 

x	 Abdominal obesity rates are highest in 
individuals ages 60 years and older, and are 
higher in women than men at all ages. 

x	 In men, abdominal obesity rates are slightly 
higher among non-Hispanic whites than 
Mexican Americans or African Americans. In 
women, abdominal obesity rates are lower in 
non-Hispanic whites than in Mexican 
Americans or African Americans. 

Nearly one in three youth (31 percent), ages 2 to 19 
years, is now overweight (85th-94th percentile) or obese 
(>95th percentile) and these rates vary by age and 
ethnicity.  

x	 In youth ages 2 to 19 years, obesity prevalence 
increases with age, and the age category with 
the highest prevalence is 12-19 year olds. 

x	 In youth ages 2 to 19 years, the race categories 
with the highest prevalence of obesity are 
African Americans and Hispanics. 

Implications 

The persistent high levels of overweight and obesity 
require urgent population- and individual-level 
strategies across multiple settings, including health 
care, communities, schools, worksites, and families. 

Comprehensive lifestyle interventions and evidence-
based dietary interventions for weight management in 
individuals and small groups should be developed and 
implemented by trained interventionists and 
professional nutrition service providers in healthcare 
settings as well as in community locations, including 
public health facilities and worksites. 

Quality of care standards in health care settings should 
include the provision and impact of preventive 
nutrition services provided by multidisciplinary teams 
of trained interventionists, as appropriate, and nutrition 
professionals. Incentives should be offered to providers 
and systems to develop preventive services. 

The public should be encouraged to monitor their body 
weight and engage with their health care providers at 
least annually to assess their body weight and BMI. As 
appropriate, providers should use evidence-based 
approaches aimed at achieving and maintaining healthy 
body weight. Health care providers should encourage 
achieving and maintaining a healthy weight through 
healthy eating and physical activity behaviors. 

The persistent high rates of obesity across the lifespan 
show the limited impact of our efforts to date. 
Accelerating progress in reversing obesity trends will 
require a more targeted, comprehensive, and 
coordinated strategy and a renewed commitment and 
action for sustained, large-scale, integrated multi-
sectoral and cross-sectoral collaborations. Government 
at local, state, and national levels, the health care 
system, schools, worksites, community organizations, 
businesses, and the food industry all have critical roles 
in developing creative and effective solutions. 
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Behavioral change at the individual level is important. 
However, policy interventions that make healthy 
dietary and activity choices easier, more routine, and 
affordable and that reduce unhealthy options are likely 
to achieve population-wide benefits. 

Age-appropriate nutrition and food preparation 
education should be a mandatory part of primary and 
secondary school curricula. 

Review of the Evidence 

To reach these conclusions, the DGAC examined 
evidence from NHANES 2009-2012, and additional 
survey years including 1988-1994 to 2011-2012 for 
trends data. These data are available in summary 
NHANES data table format on the CDC website, in 
published peer-reviewed articles by CDC,72-74 and in 
analyses requested by the DGAC and provided by 
CDC/NCHS (see Appendix E-2.16: Body mass index, 
adults ages 20 years and older, NHANES 2009-2012
and Appendix E-2.17: Body mass index, children and
adolescents ages 2-19 years, NHANES 2009-2012). 

The prevalence rates of overweight and obesity among 
U.S. adults have been extremely high for the past 25 
years and appear to be at record high levels in women 
and to have plateaued at near record high levels in men 
(Figure D1.53). In 2009-2012, combined rates of 
overweight and obesity in adult men, ages 20 years and 
older, were 72.6 percent (38.1 percent for overweight 
and 34.5 percent for obesity) and 64.8 percent (28.8 
percent for overweight and 36 percent for obesity) in 
women (Table D1.19). Rates of overweight and obesity 
in adults vary by age and ethnicity and are most 
pronounced in adults ages 40 years and older and in 
Hispanic and African American adults (Table D1.19). 

Overweight affects 29.5 percent of adults ages 20 to 39 
years, 35.9 percent of adults ages 40 to 59 years, and 
35.7 percent of adults ages 60 years and older, while 
obesity affects 31.5 percent of adults ages 20 to 39 
years, 38 percent of those ages 40 to 59 years, and 37.5 
percent of those ages 60 years and older (Table D1.19).  

Overweight affects 31.7 percent of adult African 
American men and 24.5 percent of adult African 
American women, while obesity affects 37.9 percent of 
adult African American men and 57.5 percent of adult 
African American women. Among adult Hispanic men, 
overweight affects 41.5 percent and obesity affects 

38.5 percent, and among adult Hispanic women, 
overweight affects 33.5 percent and obesity affects 43 
percent (Table D1.19). 

Obesity is least prevalent (about 31 percent) in adults 
ages 20 years and older with highest incomes (400+ 
percent the poverty threshold) in 2007-2010 (Table 
D1.20), while affecting 37.2 percent of those with 
incomes below 100 percent of the poverty threshold, 
37.3 percent of those with incomes from 100 percent to 
199 percent of the poverty threshold, and 36.8 percent 
of those with incomes from 200 percent to 399 percent 
of the poverty threshold (Table D1.20). Across all 
income strata, combined rates of overweight and 
obesity and particularly obesity rates have risen over 
the past 25 years.  

Abdominal obesity, as measured by waist 
circumference (WC), and defined as WC more than 
102 centimeters in men and more than 88 centimeters 
in women, is a risk factor for CVD and diabetes.6 

Abdominal obesity is prevalent in U.S. adults of all 
ages and varies by age and sex. In 2011-2012, overall 
rates of abdominal obesity were about 54 percent in 
adults ages 20 years and older, with a prevalence of 
about 44 percent in adult men and 65 percent in adult 
women (Table D1.21). Data from the NHANES 2007­
2008 survey shows that men ages 20 to 39 years have 
the lowest rates of abdominal obesity (28.5 percent) 
compared to men ages 40 to 59 years (49.4 percent) 
and those ages 60 years and older (60.4 percent) (Table 
D1.21). Women ages 60 years and older have the 
highest rates of abdominal obesity (73.8 percent) 
compared to women ages 40 to 59 and 20 to 39 years 
(65.5 percent and 51.3 percent, respectively). Data 
from the 2011-2012 survey show that the highest 
prevalence of abdominal obesity among men is in non-
Hispanic white men (44.5 percent), followed by 
Mexican American men (43.2 percent) and African 
American men (41.5 percent), while the highest 
prevalence among women is in African American 
women (75.9 percent), followed by Mexican American 
(71.6 percent) and non-Hispanic white women (63.3 
percent) (Table D1.21). For 2007-2010, the prevalence 
of abdominal obesity is very high in obese adults ages 
18 years and older (97 percent), and overweight adults 
(57 percent), compared to normal/underweight adults 
(8 percent).75 Since 1999 rates of abdominal obesity 
have risen in all age and racial strata of both adult 
males and females (Table D1.21). 
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After increasing from the 1980s until about 2004, rates 
of overweight and obesity in children and adolescents 
ages 2 to 19 years have since remained at very high 
levels (Figure D1.54). A significant decrease in obesity 
among children ages 2 to 5 years old was observed in 
an analysis comparing the survey data from 2003-2004 
(13.9 percent) to 2011-2012 (8.4 percent).74 However, 
it is not clear whether this comparison of only two time 
periods reflects an actual downward trend. Currently, 
14.9 percent of boys ages 2 to 19 years are overweight 
(85th to 94th percentile) and 17.6 percent are obese (95th 

percentile and greater); rates in girls ages 2 to 19 years 
are 14.9 percent and 16.1 percent, respectively. 
Furthermore, rates of obesity in youth increase with 
age and vary by ethnicity, with obesity found in 22.1 
percent of African American and 21.8 percent of 
Hispanic Americans ages 2 to 19 years (Table D1.22). 

For additional details on this body of evidence, visit: 

x Appendix E-2.16: Body mass index, adults ages 20 
years and older, NHANES 2009-2012 

x Appendix E-2.17: Body mass index, children and 
adolescents ages 2-19 years, NHANES 2009-2012 

Question 16: What is the relative prevalence of 
metabolic and cardiovascular risk factors (i.e., 
blood pressure, blood lipids, and diabetes) by 
BMI/body weight/waist circumference 
(abdominal obesity) in the U.S. population and 
specific population groups? 

Source of evidence: Data analysis 

Conclusion 

Approximately 50 percent of adults who are normal 
weight have at least one cardiometabolic risk factor. 
Approximately 70 percent of adults who are 
overweight and 75 percent of those who are obese have 
one or more cardiometabolic risk factors. 

Rates of elevated blood pressure, adverse blood lipid 
profiles (i.e., low high density lipoprotein cholesterol 
[HDL-C], high low density lipoprotein cholesterol 
[LDL-C], and high triglycerides), and diabetes are 
highest in adults with elevated abdominal obesity 
(waist circumference greater than 102 centimeters in 
men, greater than 88 centimeters in women). 

Ninety-three percent of the children with type 2 
diabetes are ages 12 to 19 years and 90 percent of these 
children with type 2 diabetes are overweight or obese. 
In children with type 2 diabetes, the prevalence of 
obesity is higher in African Americans, followed by 
American Indians and Hispanics, compared to non-
Hispanic whites or Asian Pacific Islander youth. 

Dyslipidemia and rates of borderline high blood 
pressure vary by weight status in boys and girls; rates 
are particularly high in obese boys.  

Nearly three-fourths of the overweight or obese 
populations have at least one cardiometabolic risk 
factor. 

Implications 

The rates of cardiometabolic risk factors in adult 
Americans are extremely high and reflect the high rates 
of population overweight and obesity. Many adults 
have personal health profiles in which multiple 
metabolic risk factors co-exist and substantially 
increase risks for coronary heart disease, hypertension 
and stroke, diabetes, and other obesity-related co-
morbidities. These are the most costly health problems 
in the Nation today and they can be prevented or better 
managed with intensive, comprehensive, and evidence-
based lifestyle interventions carried out by 
multidisciplinary teams of trained professionals or 
through medical nutrition therapy provided by 
registered dietitians or nutritionists (AHA/ACC/TOS).2 

Program plans and interventions are needed to confront 
WKH�QDWLRQ¶V�REHVLW\�HSLGHPLF�DQG�LWV�GHYDVWDWLQJ�
metabolic consequences. A shift in the healthcare 
paradigm toward prevention is critical. Nutrition and 
lifestyle services for obesity prevention and weight 
management should be expanded and integrated. As 
part of this approach, quality of care guidelines need to 
be revised to incentivize the provision of personalized 
lifestyle and nutrition interventions to combat obesity 
and obesity-related chronic diseases and their 
metabolic risk factors and co-morbidities. As 
emphasized in Part D. Chapter 3: Individual Diet and
Physical Activity Behavior Change and Part D. 
Chapter 4: Food Environment and Settings, the most 
effective approach to preventing and treating 
overweight and obesity in our nation across the lifespan 
requires both individual and population-based, 
environmental strategies. Initiatives in health care and 
public health and other government sectors should be 
complemented with collaborative approaches in retail, 
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educational, and social service and agricultural settings 
to make the long-term adoption of healthy nutrition and 
lifestyle behavior not only feasible but normative. 

The high rates of overweight and obesity in youth and 
their concomitant cardiometabolic risk factors require 
early preventive interventions at individual and 
population levels. Evidence-based strategies in health 
and public health settings also should be implemented 
and complemented by environmental approaches 
across wide-ranging sectors to reverse these priority 
health problems. 

Review of the Evidence 

To reach these conclusions, the DGAC examined 
evidence from NHANES 2007-2010 and 2009-2012 
data and SEARCH for Diabetes in Youth Study 
(SEARCH). These data were available in published 
peer-reviewed articles by CDC,76 or SEARCH77 

authors and in analyses requested by the DGAC and 
provided by CDC/NCHS (see Appendix E-2.18: Total 
cholesterol and high density lipoprotein cholesterol
(HDL), adults ages 20 years and older, NHANES 
2009-2012, Appendix E-2.19: Low density lipoprotein
cholesterol (LDL-C) and triglycerides, adults ages 20 
years and older, NHANES 2009-2012, Appendix E­
2.20: Prevalence of high blood pressure, adults ages 
18 years and older, NHANES 2009-2012, Appendix 
E-2.21: Total diabetes, adults ages 20 years and older,
NHANES 2009-2012, Appendix E-2.22: Total 
cholesterol, high density lipoprotein cholesterol 
(HDL), and non-HDL-cholesterol, children and 
adolescents ages 6–19 years, NHANES 2009-2012,
Appendix E-2.23: Low density lipoprotein cholesterol
(LDL-C) and triglycerides, adolescents ages 12-19
years, NHANES 2009-2012, Appendix E-2.24: 
Prevalence of high and borderline high blood 
pressure (BP), children and adolescents ages 8-17
years, NHANES 2009-2012). 

In U.S. adults ages 18 years and older, weight status is 
related to prevalent CVD risk. About two-thirds (66.6 
percent) of U.S. adults, including more than half (56.1 
percent) of normal weight adults (BMI 18.5 - <25 
kg/m2), have one or more CVD risk factors (including 
type I and type II diabetes, hypertension, or 
dyslipidemia, or self-reported smoking) (Figure 
D1.55). About 70 percent (69.6 percent) of adults who 
are overweight (BMI 25 - <30 kg/m2) have at least one 
or more CVD risk factors, making them candidates for 

preventive weight management interventions, 
according to expert guidelines established by the 
American College of Cardiology, American Heart 
Association, and The Obesity Society for preventative 
weight management (see Part D. Chapter 2: Dietary 
Patterns, Foods and Nutrients, and Health 
Outcomes). Furthermore, more than one-quarter (27.8 
percent) have two or more CVD risk factors (Figure 
D1.55). About three-quarters (74.6 percent) of adults 
who are obese (BMI >30 kg/m2) have one or more 
CVD risk factors and about 39 percent have two or 
more CVD risk factors (Figure D1.55). Cardio­
metabolic risk factors also are substantially more 
prevalent in adult men and women who have 
abdominal obesity (Table D1.23). 

In terms of plasma lipids, the prevalence of low HDL­
C (<40 mg/dl), high LDL-C (�160 mg/dl), and high 
triglycerides (�����PJ�GO� is highest in obese adults 
(ages 20 years and older) compared to normal weight 
adults (Table D1.23). Similar patterns are observed in 
those who are overweight compared to normal weight 
adults (Table D1.23). These lipid profiles also are 
highest in men with abdominal obesity (>102 cm) or 
women (>88 cm). (Table D1.23). High total cholesterol 
(�����PJ�GO�, low HDL-C (<40 mg/dl), and high 
triglycerides (�����PJ�GO) also are most prevalent in 
obese compared to overweight or normal weight 
children and adolescents (Table D1.24). There does not 
appear to be a difference in the prevalence of high 
LDL-C (�����PJ�GO��by weight status in children and 
adolescents (Table D1.24).  

In adults ages 18 years and older, rates of elevated 
blood pressure (defined as having measured systolic 
pressure of at least 140 millimeters of mercury or 
diastolic pressure of at least 90 millimeters of mercury 
and/or taking antihypertensive medication) are highest 
with obesity (39.2 percent) compared to normal weight 
(20 percent) or overweight (26.4 percent). It is also 
highest in those with elevated waist circumferences 
(men >102 cm (37.2 percent vs 23.3 percent); and >88 
cm in women (32.9 percent vs 17.8 percent)) (Table 
D1.23). Similar to adults, the rate of borderline high 
blood pressure (defined as a systolic or diastolic blood 
SUHVVXUH����WK�SHUFHQWLOH�EXW����WK�SHUFHQWLOH�RU�EORRG� 
SUHVVXUH�OHYHOV���������PP�+J� in youth ages 8 to 17 
years was highest in with obesity (16.2 percent) 
compared to those who are normal weight (5.4 percent) 
or overweight (10.9 percent) (Table D1.25). Diabetes 
in adults ages 20 years and above also increases with 
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body mass index from 5.5 percent in those who are of 
normal weight, to 9 percent in overweight and 20.3 
percent in obese adults and is more prevalent in those 
with abdominal obesity (men >102cm (19.6 percent vs 
8.3 percent); and >88 cm in women (13.9 percent vs 
2.6 percent)) (Table D1.23).  

Data from 2001 to 2004 in children (ages 3 to 19 years) 
participating in the SEARCH for Diabetes in Youth 
Study (SEARCH) show that 93 percent of youth with 
type 2 diabetes are ages 12 to 19 years. The prevalence 
of obesity among youth with type 2 diabetes is 79.4 
percent and an additional 10.4 percent are overweight 
(Table D1.26). The percentage of overweight among 
youth with type 2 diabetes is not significantly different 
than rates in U.S. youth who do not have type 2 
diabetes.77 However, the prevalence of obesity among 
youth with type 2 diabetes (79.4 percent) is much 
higher than in U.S. youth without type 2 diabetes (16.9 
percent) (Table D1.26). The prevalence of obesity in 
those with type 2 diabetes was higher in African 
Americans (91.1 percent), followed by American 
Indians (88 percent), and Hispanics (75 percent) in 
comparison to non-Hispanic white or Asian Pacific 
Islander youths (about 68 percent for each) (Table 
D1.26). 

For additional details on this body of evidence, visit: 

x	 Appendix E-2.18: Total cholesterol and high 
density lipoprotein cholesterol (HDL), adult 
ages 20 years and older, NHANES 2009 -2012 

x	 Appendix E-2.19: Low density lipoprotein 
cholesterol (LDL-C) and triglycerides, adults 
ages 20 years and older, NHANES 2009-2012 

x	 Appendix E-2.20: Prevalence of high blood 
pressure, adults ages 18 years and older, 
NHANES 2009-2012 

x	 Appendix E-2.21: Total diabetes, adults ages 
20 years and older, NHANES 2009-2012 

x	 Appendix E-2.22: Total cholesterol, high 
density lipoprotein cholesterol (HDL), and 
non-HDL-cholesterol, children and adolescents 
ages 6-19 years, NHANES 2009-2012 

x	 Appendix E-2.23: Low density lipoprotein 
cholesterol (LDL-C) and triglycerides, 
adolescents ages 12-19 years, NHANES 2009­
2012 

x Appendix E-2.24: Prevalence of high and 
borderline high blood pressure (BP), children 

and adolescents ages 8-17 years, NHANES 
2009-2012 

Question 17:  What are the current rates of 
nutrition-related health outcomes (i.e., 
incidence of and mortality from cancer [breast, 
lung, colorectal, prostate] and prevalence of 
CVD, high blood pressure, diabetes, bone 
health, congenital anomalies, neurological and 
psychological illness) in the overall U.S. 
population? 

Source of evidence: Data analysis 

Conclusion 

Adults have high rates of nutrition-related chronic 
diseases, including high blood pressure, CVD, diabetes, 
and various forms of cancer. Children and adolescents 
also have nutrition-related chronic diseases, including 
borderline high blood pressure and type 2 diabetes. At 
all ages, rates of chronic disease risk are linked to 
overweight and obesity. The rates of these chronic 
diseases vary by race/ethnicity and income status. 
Prevalence of osteoporosis and of low bone mass 
increases with age, particularly in post-menopausal 
women. Among the less common health outcomes: 

x	 Nutrition-related neurological and 
psychological conditions are a growing 
concern. 

x	 Congenital anomalies are a relatively rare, but 
important pregnancy outcome. 

Implications 

Given the high rates of nutrition-related chronic 
diseases in the adult population and rising rates in 
youth, it is imperative to develop prevention policies 
and programs that target all age groups and address 
nutrition and lifestyle issues with evidence-based 
interventions that are appropriate for delivery in 
multiple settings. 

Qualified professionals should deliver multidisciplinary 
interventions and medical nutrition therapies, as 
appropriate, that are effective in reducing nutrition-
related chronic diseases. 

More studies are needed to understand the complex 
etiology of congenital anomalies and neurological and 
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psychological conditions, and factors that influence 
bone health as well as healthy outcomes of pregnancy 
so as to inform potential dietary choices by the U.S. 
population. 

Review of the Evidence 

To reach these conclusions, the DGAC examined 
evidence from NHANES 2007-2010 and 2009-2012 
(see Appendix E-2.18: Total cholesterol and high 
density lipoprotein cholesterol (HDL), adults ages 20
years and older, NHANES 2009-2012; Appendix E­
2.19: Low density lipoprotein cholesterol (LDL-C)
and triglycerides, adults ages 20 years and older, 
NHANES 2009-2012; Appendix E-2.20: Prevalence 
of high blood pressure, adults ages 18 years and 
older, NHANES 2009-2012; Appendix E-2.21: Total 
diabetes, adults ages 20 years and older, NHANES 
2009-2012; Appendix E-2.22: Total cholesterol, high 
density lipoprotein cholesterol (HDL), and non-HDL­
cholesterol, children and adolescents ages 6-19 years,
NHANES 2009-2012; Appendix E-2.23: Low density 
lipoprotein cholesterol (LDL-C) and triglycerides, 
adolescents ages 12-19 years, NHANES 2009-2012; 
Appendix E-2.24: Prevalence of high and borderline
high blood pressure (BP), children and adolescents 
ages 8-17 years, NHANES 2009-2012); the National 
Health Interview Survey (NHIS) 2012;78 SEARCH for 
Diabetes in Youth Study;79 American Heart 
Association, 2014 report;6 and the Surveillance, 
Epidemiology, and End Results (SEER) Program of the 
National Cancer Institute.80 The DGAC also examined 
HYLGHQFH�IURP�&'&¶V�SRSXODWLRQ-based birth defects 
surveillance system;81 $O]KHLPHU¶V�$VVRFLDWLRQ�2014 
Facts and Figures;82 and published data by CDC 
authors.83 

&DUGLRYDVFXODU�'LVHDVHV� 
Cardiovascular diseases, including coronary heart 
disease, hypertension, and stroke, affect an estimated 
83.6 million (35.3 percent) men and women ages 20 
years and older in the United States.6 CVD increases 
with age, meaning that about half of those with CVD, 
42.2 million adults, are ages 60 years and older.6 Rates 
of heart disease also vary by race/ethnicity and income. 
Heart disease is most prevalent in Native Americans 
(including Alaskan natives 12.5 percent of adults), and 
in White and African Americans (10.9 percent and 10.8 
percent of adults, respectively).78 Stroke is most 
prevalent in Native Americans (4.3 percent of adults) 
and African Americans (3.9 percent).78 Coronary heart 

disease rates are inversely related to income. Rates are 
about 9.8 percent and 7.7 percent in those with lower 
income (less than 100 percent of the poverty threshold 
and 100 to 199 percent, respectively) compared to 
those with higher income (200 percent and greater of 
the poverty threshold; 5.2 percent). Stroke also is more 
prevalent in those with incomes less than 100 percent 
of the poverty threshold (4.8 percent) and 100 to 199 
percent of the poverty threshold (3.7 percent) compared 
to those with higher incomes (1.9 percent).78 

The prevalence of elevated blood pressure (measured 
systolic pressure of at least 140 mm Hg or diastolic 
pressure of at least 90 mm Hg and/or taking 
antihypertensive medication), in adults ages 18 years 
and older (29 percent) is similar in adult men (29.8 
percent) and women (28.3 percent) and varies by age 
and race/ethnicity (Table D1.27). Rates of elevated 
blood pressure are highest in adults ages 60 years and 
older (66.3 percent), and African Americans (41.5 
percent), relative to non-Hispanic whites (27.9 percent) 
or Hispanics (26.1 percent) (Table D1.27). A similar 
pattern is seen in youth ages 8 to 17 years, with 
borderline high blood pressure in 8.3 percent overall 
(Table D1.25). Boys (12 percent) are much more likely 
to have borderline high blood pressure than are girls 
(4.6 percent), as are those ages 13 to 17 years (12.4 
percent) compared to those ages 8 to 12 years (3.8 
percent), and African Americans (12.1 percent) 
compared to non-Hispanic whites (7.2 percent) and 
Hispanics (8.5 percent) (Table D1.25).  

'LDEHWHV� 
Total diabetes (type I plus type II) is the sum of self-
reported diabetes and undiagnosed diabetes. Diagnosed 
diabetes was obtained by self-report and excludes 
women who reported having diabetes only during 
pregnancy. Undiagnosed diabetes was defined as 
fasting plasma glucose of at least 126 milligrams per 
deciliter or a hemoglobin A1C value of at least 6.5 
percent and was not reported as a physician diagnosis. 
The prevalence of diabetes in U.S. adults is 14 percent 
for men and 10.8 percent for women 20+ years of age 
(Table D1.27). Rates increase with age, to 26 percent 
for adults ages 60 years and older, and are higher in 
African Americans (18.4 percent) and Hispanics (19.3 
percent) compared to non-Hispanic whites (9.8 
percent) (Table D1.27). Between 2001 and 2009, rates 
of type 2 diabetes in children and adolescents ages 10 
to 19 years increased 30.5 percent79 and the disease 
now affects about 1 in 2,000 youth (0.46 per 1000) 
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(Table D1.28 ). In 2009, type 2 diabetes appeared to be 
more common in girls than boys (0.58 vs. 0.35/1000 
youth), in older adolescents (ages 15 to 19 years; 0.68) 
compared to those ages 10 to 14 years (0.23), and in 
American Indian (1.2), African American (1.06), and 
Hispanic (0.79) youth compared to non-Hispanic 
Whites (0.17) (Table D1.28). 

1XWULWLRQ�UHODWHG�0DMRU�&DQFHUV�� 
Breast cancer²Breast cancer represents 
approximately 14 percent of all new cancer cases and 
6.8 percent of all cancer deaths in the United States. In 
2011, an estimated 2,899,726 (2.9 million) women in 
the United States had a history of breast cancer. About 
232,670 new cases of breast cancer and 40,000 deaths 
from this disease are estimated for 2014. Breast cancer 
is the third leading cause of cancer death in the U.S.80, 

84 New cases of breast cancer are highest in the middle 
age and older women (about 22, 25.5, and 21.3 percent 
of new cases occur in women ages 45 to 54, 55 to 64 
and 65 to 74 years, respectively) (Table D1.29) and in 
non-Hispanic white women (128/100,000 women per 
year), followed by African American (122.8/100,000 
women). The death rate from this disease is also 
highest among women ages 55 to 84 years old (ranges 
20.6 percent to 21.7 percent of deaths) and African 
Americans (30.6 of death/100,000), followed by non-
Hispanic white women (21.7/100,000) (Table D1.29). 

Prostate cancer²Prostate cancer represents 
approximately 14 and 5 percent of all new cancer cases 
and all cancer death, respectively in U.S. men. In 2011, 
an estimated 2,707,821 (2.7 million) men had a history 
of prostate cancer. About 233,000 new cases of 
prostate cancer and 29,480 deaths from this disease are 
estimated for 2014. Prostate cancer is the fifth leading 
cause of cancer death in the United States.84, 85 New 
cases of prostate cancer are most prevalent in older 
men (about 32.7, 36.3 and 16.8 percent of new cases in 
men ages 55 to 64, 65 to 74, and 75 to 84 years, 
respectively) (Table D1.29) and African American 
(223.9 of new cases/100,000 men). The death rate from 
this disease is highest among men ages 75 to 84 years 
old (36.8 percent of deaths) and African Americans 
(48.9/100,000) (Table D1.29). 

Colorectal cancer²Colorectal cancer represents 
approximately 8.2 and 8.6 percent of all new cancer 
cases and all cancer death, respectively in the United 
States. In 2011, an estimated 1,162,426 (1.2M) adult 
men and women had a history of colorectal cancer. 

About 136,830 new cases of colorectal cancer and 
50,310 deaths from this disease are estimated for 2014, 
respectively. Colorectal cancer is the second leading 
cause of cancer death in the United States.84, 86 The 
incidence (new cases) of this cancer is more common 
in men than women and is more common in those older 
than age 55 years (highest frequency observed among 
those ages 65 to 74 years (23.9 percent) (Table D1.29) 
and in African Americans (62.3 and 47.5 new 
cases/100,000 persons in African American men and 
women, respectively). The death rate from this disease 
also is highest in people older than age 55 years old 
(highest frequency observed among those ages 75 to 84 
years old (27.3 percent of deaths) and in African 
American (27.7, and 18.5 deaths/100,000 persons in 
men and women, respectively) (Table D1.29). 

Lung and Bronchus cancer²Lung and bronchus 
cancer represents approximately 13.5 and 27.2 percent 
of all new cancer cases and all cancer deaths, 
respectively in the United States. In 2011, an estimated 
402,326 people had a history of lung and bronchus 
cancer. About 224,210 new cases of lung and bronchus 
cancer and 159,260 deaths from this disease are 
estimated in 2014, respectively. This cancer is the first 
leading cause of cancer death in the United States.84, 87 

The incidence of lung and bronchus cancer is more 
common in men than women and is more common in 
those older than age 55 years (highest frequency 
observed among those ages 65 to 74 years (31.7 
percent) in African American men (93 new 
cases/100,000 persons), and in white women 
(53.8/100,000 persons) (Table D1.29). The death rate 
from this disease also is higher in older people (highest 
frequency observed among those ages 65 to 84 years 
(about 30 percent of deaths) and in African American 
men (75.7 deaths/100,000 persons), and non-Hispanic 
white women (39.8/100,000 persons) (Table D1.29). 

%RQH�+HDOWK� 
Approximately 10 million (10.3 percent) American 
adults ages 50 years and older were reported to have 
osteoporosis (defined as T-VFRUH���-2.5 at either the 
femoral neck or the lumbar spine) and 43 million (44 
percent) to have low bone mass (defined as T-scores 
between -1.0 and -2.5 at either skeletal site) in 
NHANES 2005-2010 (Table D1.30). A higher percent 
of women are affected by osteoporosis (15 percent) and 
low bone mass (51 percent) than men (about 4 percent 
and 35 percent, respectively). Osteoporosis increases 
with advancing age, occurring in about 35 percent in 
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women ages 80 years and older compared to 26 percent 
in those ages 70 to 79 years old. The prevalence of low 
bone mass is similar in women ages 50 to 59 year and 
80 years and older (ranges from 49 to 53 percent). 
Osteoporosis and low bone mass are more prevalent in 
Mexican American (20 percent, 48 percent) and non-
Hispanic white (16 percent, 53 percent) relative to 
African American (8 percent, 36 percent) women 
(Table D1.30). 

&RQJHQLWDO�$QRPDOLHV� 
Each year, about 3 percent (one in every 33 babies) is 
born with spina bifida (without anencephaly); cleft lip 
(with and without cleft palate), or cleft palate (without 
cleft lip).88 The estimated national prevalence of spina 
bifida was 3.17 per 10,000 live births in 1999-2007.81 

During this same time period, the prevalence of having 
a baby with spina bifida was reported to be more 
common in Native Americans/Alaska Natives 
(4.02/10,000 live birth), followed by Hispanics 
(3.8/10,000), non-Hispanic whites (3.09/10,000), 
African-Americans (2.73/10,000), and Asian/Pacific 
Islanders (1.2/10,000).81 The estimated national 
prevalence of cleft palate and cleft lip is 5.67 and 9.3 
per 10,000 live birth, respectively.81 The prevalence of 
both of these congenital anomalies was highest in non-
Hispanic Native Americans/Alaskan Natives 
(20/10,000 [cleft lip] and 6.5/10,000 [cleft palate]), and 
was lowest in African-Americans (6/10,000 [cleft lip] 
and 4.2/10,000 [cleft palate]).81 

Congenital heart defects affect about 40,000 births 
(about 1 percent of births) per year in the United 
States.89 The number of babies with congenital heart 
defects, especially those forms that are less severe 
(ventricular septal defects and atrial septal defects), is 
increasing compared to the total number of births, 
while the prevalence of other types has remained 
stable.89 

1HXURORJLFDO�DQG�3V\FKRORJLFDO�&RQGLWLRQV� 
There are numerous types of neurological and 
psychological conditions, and the DGAC focused only 
RQ�GHSUHVVLRQ�DQG�$O]KHLPHU¶V�disease. The prevalence 
of depression was estimated at 8 percent for the U.S. 
population ages 12 years and older in the NHANES 
2007-2010 survey.90 Depression is higher in females 
(10 percent) than in males (6 percent), and highest in 
those ages 40 to 59 years (12 percent women, 7 percent 
men).90 Depression also is reported to be higher in 
African Americans (8 percent), followed by Mexican-

Americans (6.3 percent) and non-Hispanic whites (4.8 
percent) (NHANES 2005 -2006).91 

In 2014, about 3.2 million women and 1.8 million men 
in the United States, ages 65 years and older are 
UHSRUWHG�WR�EH�OLYLQJ�ZLWK�$O]KHLPHU¶V�GLVHDVH�82 This 
disease is most prevalent in those ages 75 to 84 years 
(44 percent RI�WKRVH�ZLWK�$O]KHLPHU¶V��DQG�WKRVH�DJHs 
85 years and older (38 percent).82 About 63, 59, and 30 
percent of those ages 85 years and older with 
$O]KHLPHU¶V�GLVHDVH�DUH�UHSRUWHG�WR�EH�+LVSDQLFV�
(primarily Caribbean-American), African Americans, 
and non-Hispanic white adults, respectively.82 It has 
been projected that the number of people with 
$O]KHLPHU¶V�GLVHDse will increase by about threefold 
from 4.8 million in 2010 to 13.7 million in 2050.92 

For additional details on this body of evidence, visit: 

x	 Appendix E-2.18: Total cholesterol and high 
density lipoprotein cholesterol (HDL), adult ages 
20 years and older, NHANES 2009-2012 

x	 Appendix E-2.19: Low density lipoprotein 
cholesterol (LDL-C) and triglycerides, adults ages 
20 years and older, NHANES 2009-2012 

x	 Appendix E-2.20: Prevalence of high blood 
pressure, adults ages 18 years and older, NHANES 
2009-2012 

x	 Appendix E-2.21: Total diabetes, adults ages 20 
years and older, NHANES 2009-2012 

x	 Appendix E-2.22: Total cholesterol, high density 
lipoprotein cholesterol (HDL), and non-HDL­
cholesterol, children and adolescents ages 6-19 
years, NHANES 2009 -2012 

x	 Appendix E-2.23: Low density lipoprotein 
cholesterol (LDL-C) and triglycerides, adolescents 
ages 12-19 years, NHANES 2009-2012 

x	 Appendix E-2.24: Prevalence of high and 
borderline high blood pressure (BP), children and 
adolescents ages 8-17 years, NHANES 2009-2012 

x	 SEER Cancer Statistics Review, 1975-2011. 
Available from: 
http://seer.cancer.gov/csr/1975_2011/. 

x	 SEER Stat Fact Sheets: Breast Cancer. Available 
from: 
http://seer.cancer.gov/statfacts/html/breast.html. 

x	 SEER Stat Fact Sheets: Colon and Rectum Cancer. 
Available from: 
http://seer.cancer.gov/statfacts/html/colorect.html. 
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x	 SEER Stat Fact Sheets: Lung and Bronchus 
Cancer. Available from: 
http://seer.cancer.gov/statfacts/html/lungb.html. 

x	 SEER Stat Fact Sheets: Prostate Cancer. Available 
from: 
http://seer.cancer.gov/statfacts/html/prost.html. 

x	 Summary health statistics for U.S. adults: National 
Health Interview Survey, 2012. Available from: 
http://www.cdc.gov/nchs/data/series/sr_10/sr10_26 
0.pdf. 

x	 Respondent-reported prevalence of heart disease, 
cancer, and stroke among adults aged 18 and over, 
by selected characteristics: United States, average 
annual, selected years 1997-1998 through 2011­
2012. Available from: 
http://www.cdc.gov/nchs/data/hus/2012/044.pdf. 

x  2014 Alzheimer's disease facts and figures: 
includes a special report on women and 
$O]KHLPHU¶V�GLVHDVH��$O]KHLPHUV�'HPHQW��
2014;10(2):131-68. PMID: 22404854. Available 
from: 
http://www.alz.org/downloads/facts_figures_2014. 
pdf. 

x	 Facts about Birth Defects [updated October 20, 
2014]. Available from: 
http://www.cdc.gov/ncbddd/birthdefects/facts.html. 

x	 Depression in the United States household 
population, 2005-2006. NCHS Data Brief. 
2008(7):1-8. PMID: 19389321. Available from: 
http://www.cdc.gov/nchs/data/databriefs/db07.pdf. 

x	 Congenital Heart Defects. Data and Statistics. 
Atlanta, GA [updated July 9, 2014; cited 2014 
September 2]. Available from: 
http://www.cdc.gov/ncbddd/heartdefects/data.html. 

x	 Prevalence of Current Depression Among Persons 
Aged >= 12 Years, by Age Group and Sex United 
States, National Health and Nutrition Examination 
Survey, 2007-2010. Morbidity and Mortality 
Weekly Report (MMWR). 2014;60(51):1747. 
Available from: 
http://www.cdc.gov/mmwr/preview/mmwrhtml/m 
m6051a7.htm?s_cid=mm6051a7_w. 
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Dietary patterns with positive health benefits are 
described as high in vegetables, fruit, whole grains, 
seafood, legumes, and nuts; moderate in low- and non­
fat dairy products; lower in red and processed meat; 

and low in sugar-sweetened foods and beverages and 
refined grains. The primary dietary patterns examined 
and described in Part D. Chapter 2: Dietary Patterns,
Foods and Nutrients, and Health Outcomes included 
both a priori, investigator-derived scoring systems such 
as DASH/OMNI, Mediterranean diet scores, and the 
Healthy Eating Index, as well as data-driven 
approaches using factor/cluster analysis or reduced 
rank regression. The findings presented come from 
controlled intervention trials, cohort studies, and nested 
case-control studies. The DGAC examined these 
patterns in an attempt to quantify, for the first time, the 
approximate amounts of each food group in these 
patterns. The DGAC also examined the range of and 
commonalities across food group intakes in healthy 
dietary patterns and compared these ranges to the range 
of usual adult consumption in the United States and to 
the range recommended by the USDA Food Patterns. 

Question 18: What is the composition of 
dietary patterns with evidence of positive 
health outcomes (e.g., Mediterranean-style 
patterns, Dietary Approaches to Stop 
Hypertension-style patterns, patterns that 
closely align with the Healthy Eating Index, 
and vegetarian patterns), and of patterns 
commonly consumed in the United States? 
What are the similarities (and differences) 
within and among the dietary patterns with 
evidence of positive health outcomes and the 
commonly consumed dietary patterns? 

Source of evidence: Data analysis 

Conclusions 

Dietary patterns with varying food group composition, 
but certain common elements were observed across 
intervention and cohort studies to have health benefits. 
A healthful diet can be achieved by following any of 
these dietary patterns.  

In general, the ranges of intake in dietary patterns with 
positive health benefits are very close to those 
recommended by the USDA Food Patterns, but 
amounts of some specific food groups vary across the 
various diet pattern types.  

x	 DASH-style diets, Mediterranean-style diets, 
and the USDA Food Patterns are similar with 
respect to amounts of fruits and vegetables, and 
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the OMNI diets are slightly higher than the 
USDA Food Patterns. 

x Dairy intake is comparable between DASH-
style diets and the USDA Food Patterns, but 
dairy is lower for Mediterranean-style diets 
than for the USDA Food Patterns. 

x Red and processed meats are higher in the 
Mediterranean-style diets but lower in the 
DASH-style diet than is recommended by the 
USDA Food Patterns. 

x Seafood intake is similar in DASH-style and 
higher in Mediterranean-style diets than in the 
USDA Food Patterns. 

The data from the intervention trials and the cohort 
studies examined provide empirical data that the 
USDA Food Patterns provide an evidence-based guide 
to healthy patterns of food consumption. 

Implications 

The quality of the diets currently consumed by the U.S. 
population is suboptimal overall and has major adverse 
health consequences. Several options exist for dietary 
patterns that can be followed to improve the 
SRSXODWLRQ¶V�GLHW�quality. The approaches that can be 
taken are varied and can be adapted to personal and 
cultural preferences. The ability to offer the U.S. 
population alternative dietary pattern options and to 
tailor them to personal preferences may increase the 
likelihood of long term success of maintaining a 
healthy diet pattern, ultimately leading to improved 
health in the U.S. population. 

Review of the Evidence 

The DGAC analyzed data on food group composition 
reported in research articles on dietary patterns and 
health outcomes. These articles were drawn from those 
included in the questions on dietary patterns and health 
examined by the Committee (see Part D. Chapter 2: 
Dietary Patterns, Food and Nutrients, and Health
Outcomes). The studies reported in that chapter D2 
were reviewed to identify those that reported semi­
quantitative data on food group intakes among the 
sample or population group with positive health 
outcomes (Table D1.31).93-112 These sample or 
population groups included the intervention group in 
intervention studies, the highest category (usually the 
top quintile) in cohorts and nested case-control studies 
measuring diet with an a priori index, or a specific 

92 

cluster or factor analysis group. Approximate 
quantified food group intakes for these subsets of the 
population or samples with a beneficial health outcome 
were identified. These intakes were converted to grams 
per day if not reported this way in the original 
manuscripts. Then, all data were converted to grams 
per 1000 calories to allow for comparisons across 
studies. 

For comparison to usual intake levels of each food 
group in the United States, data from NHANES 2007­
2010 for usual intake by adult age/sex groups41 in cup 
or ounce equivalents were converted into grams using 
average weights based on Food Patterns Equivalents 
Database (FPED) data.48, 49 The gram weights were 
divided by the usual calorie intake for that group, and 
multiplied times 1000 for an estimate of the food group 
intake per 1000 calories for each adult age/sex group. 
The range of these intakes was used as a comparator. 
For comparison to the food group amounts 
recommended in the USDA Food Patterns (also called 
the Healthy U.S.-style Patterns; see Question 20) the 
recommended amount for adult age/sex groups in the 
patterns at 1600 to 2400 calories were converted to 
grams per 1000 calories by the same procedure used 
for the usual intakes (see Figures D1.56 to D1.60). 

Vegetable intake in the OMNI diets was higher than 
both the USDA Food Patterns and current consumption 
estimates, but DASH-style, PREDIMED, most of the 
Mediterranean scores, and data driven approaches were 
very similar to vegetable amounts recommended by the 
USDA Food Patterns. Fruit intake was higher in the 
OMNI diets and PREDIMED relative to the USDA 
Food Patterns and current consumption, but DASH, the 
Mediterranean score diets, and many of the data driven 
scores are all within the range of the USDA Food 
Pattern recommendations. Dairy intakes in OMNI, 
DASH, and some of the Mediterranean and data driven 
scores were all within the ranges recommended by the 
USDA Food Patterns, while PREDIMED and some 
other scores had lower intakes of dairy. Consumption 
of red and processed meats was higher in PREDIMED 
and in some studies using Mediterranean diet scores 
relative to the USDA Food Patterns, whereas several 
cohorts using data-driven approaches to assessing diet 
patterns reported ranges of red and processed meat 
intake that aligned very well with the USDA Food 
Pattern recommendations. Intakes of red and processed 
meat were lower in the OMNI and DASH dietary 
interventions than in either the USDA Food Patterns or 
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the range of usual intake in the United States. Seafood 
intakes for the OMNI diets and some of the data-driven 
dietary pattern studies aligned very well with the 
USDA Food Patterns. Seafood intake ranges for all the 
other studies were much higher than both the USDA 
Food Patterns and the ranges of usual intake in the 
United States. 

For additional details on this body of evidence, visit: 

x Usual Dietary Intakes: Food Intakes, U.S. 
Population, 2007-10: Applied Research 
Program. National Cancer Institute; [updated 
May 22, 2014]. Available from: 
http://appliedresearch.cancer.gov/diet/usualinta 
kes/pop/2007-10/. 

x Appendix E-3.1: Adequacy of the USDA Food 
Patterns 

Question 19: To what extent does the U.S. 
population consume a dietary pattern that is 
similar to those observed to have positive 
health benefits [e.g., Mediterranean-style 
pattern, Dietary Approaches to Stop 
Hypertension (DASH)-style patterns, patterns 
that closely align with the Healthy Eating 
Index, and vegetarian patterns] overall and by 
age/sex and race/ethnic groups? 

Source of evidence: Data analysis 

Conclusion 

Data from WWEIA show that the average HEI score in 
the U.S. population is 57 points out of a total of 100 
points. The best scores (average scores) were observed 
for the following components: total protein foods 
(average score of 100 percent of possible points), 
seafood and plant protein (84 percent of possible 
points), and dairy (69 percent of possible points), while 
the poorest scores were observed for whole grains (25 
percent of possible points), sodium (37 percent of 
possible points), fatty acid ratio (41 percent of possible 
points), greens and beans (46 percent of possible 
points), and empty calories (60 percent of possible 
points).  

Young children ages 2 to 3 years and middle aged and 
older adults (ages 51 years and older) have the best 
HEI scores (total scores of 63 percent and 66 percent, 
respectively), while preadolescents and adolescents 

have the poorest HEI scores (total scores of 49 percent 
and 48 percent, respectively). 

Implications 

To improve diet quality, the U.S. population should 
replace most refined grains with whole grains, decrease 
sodium, decrease saturated fat, consume fewer calories 
from added sugars, and replace these calories with 
more varied vegetable choices, seafood, plant proteins, 
and low-fat dairy. 

Young children and middle-aged and older adults have 
the highest HEI scores. These positive healthy eating 
habits should continue to be encouraged. Because 
preadolescents and adolescents have the lowest HEI 
scores, significant intervention is needed at the level of 
the individual, family, school, day care, and 
community settings to help this age group adopt and 
maintain healthful dietary patterns. 

Review of the Evidence 

The DGAC examined mean HEI scores and component 
scores for the entire U.S. population ages 2 years and 
older (see Appendix E-2.25: Average Healthy Eating 
Index-2010 scores for Americans ages 2 years and 
older). These data were examined for the entire 
population, for males and females and by age 
subgroups. In general, the best scores for the HEI 
components were for protein and seafood and plant 
proteins, while the poorest score was for whole grains. 
For nearly all of the component scores as well as the 
total HEI score, females tended to have better scores 
than males, indicating slightly healthier dietary patterns 
in females compared to males. Analyses by age showed 
that the youngest and oldest segments of the population 
had the best component and total HEI scores (Figure 
D1.61). For these groups, the component scores were 
very good to excellent for total fruit and whole fruit. 
Young children also had excellent scores for dairy, and 
middle-aged and older adults had excellent scores for 
total protein and seafood and plant protein. All age 
groups have poor scores for whole grains. 

Data were not available to examine how closely the 
U.S. SRSXODWLRQ¶V�GLHWDU\�SDWWHUQV�DOLJQ�ZLWK�D�
Mediterranean-style or DASH-style dietary pattern. 
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For additional details on this body of evidence, visit: 

x Healthy Eating Index, Center for Nutrition 
Policy and Promotion. Available from: 
http://www.cnpp.usda.gov/HealthyEatingIndex 

x Appendix E-2.25: Average Healthy Eating 
Index-2010 scores for Americans ages 2 years 
and older (National Health and Nutrition 
Examination Survey 2009-2010) 

Question 20: Using the Food Pattern Modeling 
process, can healthy eating patterns for 
vegetarians and for those who want to follow a 
Mediterranean-style dietary pattern be 
developed? How do these patterns differ from 
the USDA Food Patterns previously updated 
for potential inclusion in the 2015 DGAs? 

Source of evidence: Food Pattern Modeling 

Conclusion 

Food Pattern Modeling demonstrates that healthy 
eating patterns can be achieved for a variety of eating 
styles, including the ³+HDOWK\�8�6�-style Pattern�´�the 
³+HDOWK\�0HGLWHUUDQHDQ-style Pattern�´�DQG the 
³+HDOWK\�9HJHWDULDQ-style Pattern´. Although some 
differences exist across the three eating patterns, 
comparable amounts of nutrients can be obtained using 
nutrient dense foods while maintaining energy balance. 

Implications 

The U.S. population has a variety of options to help 
achieve healthful eating patterns that adhere to the 
Dietary Guidelines. These include the Healthy U.S.­
style Pattern, Mediterranean-style Pattern, or 
Vegetarian Patterns. (Detailed information on these 
patterns can be found in Table D1.32 and Appendix E­
3.7: Developing Vegetarian and Mediterranean-style
Food Patterns.) These diets meet nutritional goals 
without excess calories and use a variety of foods. 
Importantly, these diets reflect the range of foods that 
can be used to achieve a healthful eating pattern, and 
they support the inclusion of diverse foods that are 
consistent with personal, cultural and religious 
preferences. These diets can be used in a variety of 
settings, including homes, schools, worksites, health 
care facilities, and places of worship. 

Review of the Evidence 

These conclusions were reached based on the results of 
the Food Pattern Modeling analysis for vegetarian and 
Mediterranean-style food patterns. Data from WWEIA 
from self-reported vegetarians were used to inform the 
vegetarian eating pattern (Figure D1.62) and data from 
the Dietary Patterns composition project reviewed 
above were used to select foods for the Mediterranean-
style pattern.113 

)URP�WKUHH�GLHWDU\�SDWWHUQV��³+HDOWK\�8.S.-style 
Pattern,´�³+HDOWK\ Mediterranean-style Pattern�´�DQG� 
³Healthy Vegetarian Pattern´���VHOHFWHG�food group 
intakes across calorie levels were compared (Table 
D1.32). Notably, fruit and seafood were higher in the 
Mediterranean-style diet, while dairy was lower, based 
on the data presented above (Figures D1.56 to D1.60). 
For the Vegetarian Pattern, meat and seafood are 
absent, but eggs and dairy are included because self-
reported vegetarians in WWEIA reported consumption 
of these foods. Legumes, nuts/seeds, and processed soy 
are all higher in the Vegetarian Pattern compared to the 
Healthy U.S.-style and the Healthy Mediterranean-style 
Patterns.  

When comparing nutrient intake across these three 
dietary patterns, as a percent of the RDA using a 
woman age 19 to 30 years as an example, modest 
difference emerged (Table D1.33). The Vegetarian 
pattern is lower in sodium and all three patterns are low 
in vitamin D. 

For additional details on this body of evidence, visit: 

x Usual Dietary Intakes: Food Intakes, US 
Population, 2007-10: Applied Research 
Program. National Cancer Institute; [updated 
May 22, 2014]. Available from: 
http://appliedresearch.cancer.gov/diet/usualinta 
kes/pop/2007-10/. 

x Appendix E-3.7: Developing Vegetarian and 
Mediterranean-style Food Patterns  

� 
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The DGAC conducted data analyses to address a series 
of questions related to the current status and trends in 
the NDWLRQ¶V�GLHWDU\�LQWDNH��7KH�TXHVWLRQV�IRFXVHG�RQ��
intake of specific nutrients and food groups; food 
categories (i.e., foods as consumed) that contribute to 
intake; eating behaviors; and the composition of 
various dietary patterns shown to have health benefits, 
including Mediterranean-style diets, the Healthy US-
style and DASH-style diets. These topics were 
addressed using data from the WWEIA dietary survey, 
which is the dietary intake component of the ongoing 
NHANES. Food pattern modeling using the USDA 
Food Pattern food groups also was used to address 
some of the questions of interest. In addition, the 
DGAC examined the prevalence and trends of health 
conditions that may have a nutritional origin, or where 
the course of disease may be influenced by diet. 

The DGAC found that several nutrients are 
underconsumed and the Committee characterized them 
as shortfall nutrients: vitamin A, vitamin D, vitamin E, 
vitamin C, folate, calcium, magnesium, fiber, and 
potassium. For adolescent and premenopausal females, 
iron also is a shortfall nutrient. Important to note, on 
the basis of nutrient biomarkers or health outcomes, 
calcium, vitamin D, fiber, and potassium also are 
classified as nutrients of public health concern because 
their underconsumption has been linked in the 
scientific literature to adverse health outcomes. Iron is 
included as a shortfall nutrient of public health concern 
for adolescent females and adult females who are 
premenopausal due to the increased risk of iron-
deficiency in these groups. The DGAC also found that 
two nutrients²sodium and saturated fat²are 
overconsumed by the U.S. population and that the 
overconsumption poses health risks. 

The majority of the U.S. population has low intakes of 
key food groups that are important sources of the 
shortfall nutrients including vegetables, fruits, whole 
grains, and dairy. Furthermore, population intake is too 
high for refined grains and added sugars. The data 
suggest cautious optimism about dietary intake of the 
youngest members of the U.S. population because 
many young children ages 2 to 5 years consume 
recommended amounts of fruit and dairy. However, a 
better understanding is needed on how to maintain and 
encourage the good habits that are started early in life. 

Analysis of data on food categories, such as burgers, 
sandwiches, mixed dishes, desserts, and beverages, 
because they represent such a large proportion of the 
calories consumed, are prime targets for reformulation 
to increase population intake of vegetables, whole 
grains, and other underconsumed food groups and to 
lower population intake of the nutrients sodium and 
saturated fat, and the food component refined grains. 
Dramatically reducing the intake of sugar-sweetened 
beverages and limiting sweets and desserts would help 
lower intakes of the food component added sugars. 

The U.S. population purchases its food in a variety of 
locations, including supermarkets, convenience stores, 
schools, and the workplace, and consumes prepared 
food outside the home. The DGAC found that while 
diet quality varies somewhat by the setting where food 
is obtained, overall, independent of where the food is 
prepared or obtained, the diet quality of the U.S. 
population does not meet recommendations for fruit, 
vegetables, dairy, or whole grains, and exceeds 
recommendations, leading to overconsumption, for the 
nutrients sodium and saturated fat, and the food 
components refined grains, solid fats, and added 
sugars.  

Obesity and chronic diseases with a nutritional origin 
are very common. The Nation must accelerate progress 
toward reducing the incidence and prevalence of 
overweight and obesity and chronic disease risk across 
the U.S. population throughout the lifespan and reduce 
the disparities in obesity and chronic disease rates that 
exist in the United States for certain ethnic and racial 
groups and for those with lower incomes. 

The DGAC identified key aspects of several different 
dietary patterns that are associated with lower risk of 
many nutrition-related outcomes such as cardiovascular 
disease, diabetes, some cancers, psychological health 
and bone health. These patterns and their associated 
health benefits are described in greater detail in the 
next chapter. 

The DGAC had enough descriptive information from 
existing research and data to model three dietary 
patterns and to examine their nutritional adequacy. 
These patterns are the Healthy U.S.-style Pattern, the 
Healthy Mediterranean-style Pattern, and the Healthy 
Vegetarian Pattern. These patterns include the 
components of a dietary pattern associated with health 
benefits. 
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The findings from this chapter and the remainder of the 
2015 DGAC report can be used by individuals, 
families, communities, schools, local, state and federal 
agencies and the food industry to address the high 
prevalence of obesity and other nutrition-related health 
conditions in the United States and help all sectors of 
the population consume a diet that is healthful, 
accessible, and affordable. 

1(('6�)25�)8785(�5(6($5&+� 

1.		 Expand WWEIA participation to include more 
respondents from race/ethnic minorities and non-
U.S. born residents. 

Rationale: Very little is known about the dietary 
habits of many of the cultural subgroups in the 
United States. This knowledge is essential to 
moving forward any nutrition programs for first 
and second generation immigrants. More data on 
the impact of acculturation also are needed on food 
and health behaviors. The number of participants in 
WWEIA using the derived acculturation variable 
was too small for any analysis. Finally, ³Hispanic´ 
is a very broad term and a better understanding is 
needed of the nutritional profiles (including 
shortfalls and excesses) across various Spanish-
speaking people in the United States, who come 
from different cultural backgrounds with distinct 
eating patterns. 

2.		 Include higher proportion of older Americans as 
respondents in WWEIA. 

Rationale: More data are needed on dietary intake 
of older adults; the sample sizes in WWEIA were 
too small for any meaningful analyses for those 
older than the age of 71 years. In addition to 
nutrient intake, additional information is needed on 
whether older adults are able to shop and cook, 
whether polypharmacy plays a role in nutritional 
adequacy, and whether co-morbidities, such as 
poor dentition, musculo-skeletal difficulties, 
arthralgias and other age-related symptoms, affect 
their ability to establish and maintain proper 
nutritional status. 

3.		 Increase the number of pregnant women as 
respondents in WWEIA. 

Rationale: The number of pregnant women in 
WWEIA is currently too small to properly evaluate 
the status and trends in food and nutrient intake in 
pregnant women. Since good nutrition in 
pregnancy is critical to proper growth development 
of the infant it is critical to properly evaluate food 
and nutrient intake, which will inform 
recommendations and public policies for pregnant 
women. 

4.		 Conduct research on nutrition transitions from 
childhood to shed light on how and why dietary 
intake changes so rapidly from early childhood 
through pre-adolescence and adolescence, and to 
identify the driving forces behind dietary intake 
change in these age groups and what programs are 
most effective at maintaining positive nutrition 
habits established in very young children. 

Rationale: Young children have better dietary 
intake than older children and adolescents. It is 
important to maintain the positive gains made in 
early childhood and identify factors responsible for 
the declines in intakes of fruit, dairy, and other 
food groups and increases in added sugars and 
refined grains as children enter the elementary 
school age years, as poor eating patterns in 
elementary school seem to persist into adolescence 
and beyond. 

5.		 Evaluate the effects of common variations in 
dietary patterns in small children on nutrient 
intakes. 

Rationale: Children from 2 to 4 years of age have 
a highly variable diet and often do not fit readily 
into the USDA Food Pattern food groups diet 
pattern analyses. Further information is needed to 
understand the broad range of diets and supplement 
use in small children and how this relates to 
nutrient intake and growth. Research is needed to 
better characterize their diets so that appropriate 
guidance can be offered. 

6.		 Increase the quantity and quality of food 
composition databases available for research.  

Rationale: Accurate assessment of nutrient intake 
and trends over time in the U.S. population is 
dependent upon the quality of food composition 
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data. Tens of thousands of foods are available for 
purchase and consumption in the United States, but 
accurate nutrient content data are available only for 
less than 10,000 foods and are almost non-existent 
for many ready-to-eat and restaurant-type foods. 
Analytic values from foods are needed on specific 
nutrients and components, such as vitamin D, fiber, 
added sugars, and sodium. Improved food 
composition data also is critical for needed 
research to better define, identify, and quantify 
total grain, whole grain consumption, and refined 
grain consumption in dietary studies. 

7.		 Investigate the validity, reliability, and 
reproducibility of new biomarkers of nutrient 
intake and biomarkers of nutritional status. 

Rationale: Limited biomarkers are available and 
some that are available are difficult to interpret due 
to other contributing factors to the biomarker 
measure (e.g., vitamin D is obtained in the diet and 
is also endogenously synthesized). 

8.		 Evaluate effects of fortification strategies and 
supplement use on consumer behavior related to 
the intake of foods and supplements containing key 
nutrients, including calcium, vitamin D, potassium, 
iron, and fiber. 

Rationale: The intake of key nutrients of concern 
is considerably affected by the rapidly evolving 
marketplace of food fortification and 
supplementation. Understanding consumer 
behavior related to fortification and 
supplementation would be important in predicting 
the effects of interventions and marketplace 
changes in content of these nutrients. Special 
interest exists regarding fortification strategies of 
foods, including whole grains and yogurts, in 
allowing individuals to reach the RDA for vitamin 
D without using supplements. Data are needed on 
how supplements may help meet nutrient shortfalls 
and/or how use of supplements may place 
individuals at risk of overconsumption. Research 
on effective consumer guidance is needed. 

9.		 Understand the rationale for and consequences of 
the use of supplements above the UL for vitamins 
and minerals. Identify biochemical markers that 
would indicate the effects of high-dose supplement 
use. 

Rationale: Consumer use of high-dose 
supplements has increased. Understanding the 
influences guiding this use would be helpful in 
considering how to educate consumers about safe 
upper intake limits. 

10. Develop a standardized research definition for 
meals and snacks.  

Rationale: Multiple different criteria are used in 
studies to define a snack or meal occasion, such as 
time of day, the types or amounts of food 
consumed, or subjective assessment by the study 
respondent. Researchers should work toward a 
consensus on the use of standard definitions. 

11. Understand better the concept of dietary patterns 
and design approaches to quantify the diet in large 
population-based studies. 

Rationale: More methodological work on dietary 
patterns is needed. For example, food frequency 
questionnaires, which are used in most diet 
assessment studies, do not capture data on meal 
timing, meal frequency, or the types of foods 
consumed together. Studies using diet recalls and 
records are better at capturing specific foods and 
their quantities consumed (portion sizes) and the 
types of foods eaten together, but often these 
detailed assessment methods are not feasible for 
large population-based studies. Quantification of 
food group intake is needed. In addition, dietary 
patterns research encompasses a broader scope of 
issues than can be addressed by diet scores and 
data drive approaches. 

12. Consistently report the nutrients, foods, and food 
groups that are used to evaluate dietary patterns in 
published studies. 

Rationale: The current scientific literature 
evaluating dietary patterns and health is 
inconsistent in its provision of dietary patterns 
composition information. This makes it difficult to 
compare, across studies, the components of 
healthful patterns that are associated with health 
benefits. 

13. Conduct population surveillance on the prevalence 
and trends of nutrition-related chronic diseases 
including type 2 diabetes, cardiovascular disease, 
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some cancers, osteoporosis and neurocognitive 
 
disorders.  
 

6. 
Rationale: Current data on diabetes in adults 
cannot be stratified by disease type (type I or type 
II), making it very difficult to monitor incidence 
and prevalence of type 2 diabetes. Continued 
population surveillance is needed to effectively 
link nutritional factors with risk of these diseases.  
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Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends²Tables.
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Table D1.1. Mean intake of shortfall* and overconsumed** nutrients by age and race/ethnicity, for all ages 2+ WWEIA NHANES 2009-10.


Race/ethnicity n Vit A* Vit Vit Vit Folate* Calcium* Magne- Iron* Potas- Dietary Saturated Sodium** 
and age (RAE) D* E* C* (DFE) sium* sium* fiber* fat** 

�g �g �g mg �g mg mg mg mg g g mg 

Ages 2 to 5 
Non-Hispanic White 305 606 6.9 4.8 77.3 405 1081 214 11.2 2070 11.7 21.0 2295 
Non-Hispanic Black 150 537 5.8 5.5 86.5 447 879 196 12.6 1956 11.2 19.8 2492 
Mexican-American 237 644 7.3 4.3 84.8 450 1057 210 11.8 2141 12.1 19.4 2157 

All Hispanic 332 606 7.2 4.4 92.2 439 1031 209 11.5 2144 11.7 18.7 2189 

Ages 6 to 11
Non-Hispanic White 371 618 6.3 5.9 64.9 519 1083 231 13.4 2151 13.6 23.2 2920 
Non-Hispanic Black 229 582 5.3 6.2 96.1 526 981 227 14.4 2216 14 23.7 3032 
Mexican-American 337 545 6 5.5 78.9 501 970 230 13.9 2175 15.3 22.6 2824 

All Hispanic 474 550 5.9 5.5 78.4 518 985 231 13.9 2180 14.7 23.1 2913 
Ages 12 to 19 

Non-Hispanic White 425 611 5.9 7.2 67.5 578 1142 262 15.2 2364 14.3 27.7 3584 
Non-Hispanic Black 275 502 4.1 7.2 106.7 498 974 234 14.1 2204 13 27.2 3348 
Mexican-American 340 518 5 6.7 103.7 538 1074 267 15.4 2431 16.1 25.4 3454 

All Hispanic 482 540 5.3 6.9 97.9 565 1081 265 15.7 2411 15.9 25.3 3434 
Ages 20 and older 

Non-Hispanic White 2786 682 5.4 8.4 86 559 1070 315 15.6 2868 17.3 26.9 3627 
Non-Hispanic Black 1025 555 4.1 6.8 92.4 464 828 261 14.0 2364 13.6 25.2 3358 
Mexican-American 1062 537 4.9 6.8 97.8 525 975 320 15.1 2758 20.0 23.7 3368 

All Hispanic 1647 525 4.8 6.7 100.9 530 969 307 14.8 2711 18.4 23.6 3417 
Ages 2 and older 

Non-Hispanic White 3887 667 5.6 8.0 82.2 551 1079 299 15.2 2728 16.4 26.5 3511 
Non-Hispanic Black 1679 549 4.3 6.7 94.3 473 865 251 14.0 2304 13.4 25.0 3273 
Mexican-American 1976 545 5.3 6.4 95.2 518 997 291 14.7 2583 18.1 23.4 3206 

All Hispanic 2935 537 5.2 6.4 97.1 526 992 284 14.5 2556 17.0 23.3 3252

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES 
2009-2010. For standard errors, more nutrients and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349 
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Table D1.2. Usual Intakes from Food and Beverages compared to Dietary Reference Intakes -- females 19-50 
years old by pregnancy status. Mean intake and % below EAR, AI, or above UL from food and beverages, 
WWEIA NHANES 2007-10. 

Pregnancy % Below % Above 
Nutrient status**  n Mean EAR EAR UL UL 
Energy (calorie/day) Non-pregnant  2957 1848 

Pregnant  133 2131 
Protein (g/day) Non-pregnant  2957 69.4 

Pregnant  133 78.6 
Dietary Fiber (g/day) Non-pregnant  2957 14.4 25 5 

Pregnant  133 17.3 28 8* 
Vitamin A (�g RAE/day) Non-pregnant  2957 549 500 48 3000 <3 

Pregnant  133 728 550 26* 3000 <3 
Folate (�g DFE/day) Non-pregnant  2957 470 320 15 1000 <3 

Pregnant  133 622 520 29* 1000 <3 
Vitamin C (mg/day) Non-pregnant  2957 76.6 60 45 2000 <3 

Pregnant  133 121.0 70 30 2000 <3 
Vitamin D (�g/day) Non-pregnant  2957 3.9 10 >97 100 <3 

Pregnant  133 5.6 10 90* 100 <3 
Vitamin E -ATE (mg/day) Non-pregnant  2957 6.9 12 95 

Pregnant  133 7.4 12 94* 
Calcium (mg/day) Non-pregnant  2957 885 800 43 2500 <3 

Pregnant  133 1123 800 24 2500 <3 
Iron (mg/day) Non-pregnant  2957 13.2 8.1 16 45 <3 

Pregnant  133 16.9 22 96* 45 <3 
AI UL 

Potassium (mg/day) Non-pregnant  2957 2277 4700 <3 
Pregnant  133 2660 4700 <3 

Sodium (mg/day) Non-pregnant  2957 3111 1500 >97 2300 84 
(overconsumed nutrient) Pregnant  133 3523 1500 >97 2300 >97 

*The values flagged with an asterisk (*) may be less reliable; interpret with caution **Non-pregnant includes non-lactating. 
Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. 
For more detailed tables and standard errors, see usual intake tables for pregnant women in Appendix E-2.4. 
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Table D1.3. Mean intake of nutrients of public health concern by income as a percentage of the poverty threshold, 
for all ages 2+ WWEIA NHANES 2009-10. 

Income as % of poverty level 
and age Dietary fiber Vitamin D Calcium Potassium 

n g �g mg mg 
Less than 131% poverty: 
Ages 2-5 431 10.9 6.9 992 2036 
Ages 6-11 496 13.9 6.3 1073 2254 
Ages 12-19 503 14.1 5.4 1060 2319 
Ages 20+ 1755 15.5 4.7 942 2564 
Ages 2+ 3185 14.8 5.2 977 2451 
131-185% poverty:  
Ages 2-5 93 12.3 6.8 1090 2160 
Ages 6-11 145 12.9 5.8 955 2062 
Ages 12-19 162 13.4 3.8 939 2096 
Ages 20+ 743 15.6 4.7 971 2638 
Ages 2+ 1143 14.9 4.8 973 2499 
Over 185% poverty: 
Ages 2-5 266 12.3 6.8 1057 2070 
Ages 6-11 422 14.2 5.9 1052 2134 
Ages 12-19 482 14.6 5.8 1126 2417 
Ages 20+ 2730 17.7 5.3 1053 2866 
Ages 2+ 3900 16.9 5.5 1061 2735 

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. 
WWEIA Data Tables, NHANES 2009-2010. For standard errors, more nutrients and documentation, see: 
http://seprl.ars.usda.gov/Services/docs.htm?docid=18349 

2015 Dietary Guidelines Advisory Committee Report 111 

http://seprl.ars.usda.gov/Services/docs.htm?docid=18349


 

 

 

    
  

    

 

    

     

    

     

     

     

     

     

     

    

    
 

 
  

    
   
    

 
 

Table D1.4. Prevalence (%) of serum 25-hydroxyvitamin D (25(OH)D) concentration levels for the U.S. population aged 1 year and older, 

NHANES 2003 -2006. 
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Total, 1 year and older  

Sex 

Male 

Female 

Age category (years) 

1 to 5 

6 to 11 

12 to 19 

20 -39 

40 -59 

60 + 

Race/Ethnicity  

Non-Hispanic Whites 

Non-Hispanic Blacks 

Mexican Americans 

1 ng/ml = 2.5 nmol/L 
* Serum 25(OH)D < 30 nmol/L = risk for deficiency 

Serum 25(OH)D < 40 nmol/L = level set by IOM equal to EAR 
Serum 25(OH)D between 30 -50 nmol/L = at risk of inadequacy 
Serum 25(OH)D > 125 nmol/L = maybe reason for concern about excess 

‡ Estimate flagged: 30% � RSE < 40% for the prevalence estimate 
§ Estimate suppressed: RSE � 40% for the prevalence estimate 

Serum 25(OH)D < 30 

nmol/L* 


%(95% conf interval) 


8.1 (6.7 ± 9.8) 

6.3 (5.0 ± 7.9) 

9.9 (8.1 ± 11.9) 

0.7 (0.4 ± 1.3) 

1.8 (1.3 ± 2.6) 

8.5 (6.5 ± 11.2) 

9.5 (7.6 ± 11.8) 

9.3 (7.4 ± 11.7) 

8.8 (7.3 ± 10.5) 

3.6 (3.0 ± 4.4) 

31.1 (27.4 ± 35.1) 

11.3 (8.7 ± 14.6) 

Serum 25(OH)D < 40 

nmol/L* 


%(95% conf interval) 


17.2 (14.7 ± 20.0) 

14.6 (12.3 ± 17.4) 

19.6 (16.9 ± 22.7) 

2.7 (1.8 ± 4.0) 

5.7 (4.2 ± 7.7) 

17.1 (13.8 ± 21.0) 

19.7 (16.4 ± 23.4) 

20.0 (16.6 ± 23.9) 

17.8 (15.5 ± 20.4) 

9.4 (7.9 ± 11.2) 

51.6 (46.7 ± 56.5) 

24.4 (20.1 ± 29.3) 

Serum 25(OH)D 30 -< 50 

nmol/L* 


%(95% conf interval) 


23.6 (21.6 ± 25.8) 

23.1 (20.8 ± 25.6) 

24.1 (22.1 ± 26.3) 

8.9 (7.1 ± 11.0) 

14.1 (11.5 ± 17.2) 

24.2 (21.3 ± 27.3) 

26.2 (23.6 ± 29.0) 

25.0 (22.2 ± 28.0) 

25.5 (23.7 ± 27.4) 

18.1 (16.2 ± 20.2) 

39.5 (37.3 ± 41.7) 

32.9 (29.6 ± 36.4) 

Serum 25(OH)D > 125 

nmol/L* 


%(95% conf interval)
 

0.9 (0.6 ± 1.2) 


0.4 (0.3 ± 0.7) 


1.3 (0.9 ± 1.9) 


§ 


§ 


1.4 (0.9 ± 2.1) 


1.5 (0.9 ± 2.4) 


���Á������± 1.2) 


���Á������± 0.6) 


1.2 (0.8 ± 1.7) 


§ 


§ 


Source: Centers for Disease Control and Prevention. Second National Report on Biochemical Indicators of Diet and Nutrition in the U.S. Population. 
Atlanta, GA: Centers for Disease Control and Prevention, U.S. Department of Health and Human Services; 2012. Available from: 
http://www.cdc.gov/nutritionreport/pdf/Nutrition_Book_complete508_final.pdf. 
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Table D1.5. Vitamin D: Food sources ranked by amounts of vitamin D and energy per standard food portions and 
per 100 grams of foods. 

Standard Calories in Vitamin D in Calories Vitamin D 
Food Portion Size Standard 

Portion1 
Standard 

Portion (�g)1 
per 100 
grams1 

per 100 
grams (�g)1 

Salmon, sockeye, canned 3 ounces 142 17.9 167 21.0 
Trout, rainbow, farmed, cooked 3 ounces 143 16.2 168 19.0 
Salmon, chinook, smoked 3 ounces 99 14.5 117 17.1 
Swordfish, cooked 3 ounces 146 14.1 172 16.6 
Sturgeon, mixed species, smoked 3 ounces 147 13.7 173 16.1 
Salmon, pink, canned 3 ounces 117 12.3 138 14.5 
Fish oil, cod liver 1 tsp 41 11.3 902 250 
Cisco, smoked 3 ounces 150 11.3 177 13.3 
Salmon, sockeye, cooked 3 ounces 144 11.1 169 13.1 
Salmon, pink, cooked 3 ounces 130 11.1 153 13.0 
Sturgeon, mixed species, cooked 3 ounces 115 11.0 135 12.9 
Whitefish, mixed species, smoked 3 ounces 92 10.9 108 12.8 
Mackerel, Pacific and jack, cooked 3 ounces 171 9.7 201 11.4 
Salmon, coho, wild, cooked 3 ounces 118 9.6 139 11.3 
Mushrooms, portabella, exposed to UV ½ cup 18 7.9 29 13.1 
light, grilled 
Tuna, light, canned in oil, drained 3 ounces 168 5.7 198 6.7 
Halibut, Atlantic and Pacific, cooked 3 ounces 94 4.9 111 5.8 
Herring, Atlantic, cooked 3 ounces 173 4.6 203 5.4 
Sardine, canned in oil, drained 3 ounces 177 4.1 208 4.8 
Rockfish, Pacific, mixed species, 3 ounces 93 3.9 109 4.6 
cooked 
Whole milk2 1 cup 149 3.2 61 1.3 
Whole chocolate milk2 1 cup 208 3.2 83 1.3 
Tilapia, cooked 3 ounces 109 3.1 128 3.7 
Flatfish (flounder and sole), cooked 3 ounces 73 3.0 86 3.5 
Reduced fat chocolate milk (2%)2 1 cup 190 3.0 76 1.2 
Yogurt (various types and flavors) 2 8 ounces 98-254 2.0-3.0 43-112 0.9-1.3 
Milk (non-fat, 1% and 2%)2 1 cup 83-122 2.9 34-50 1.2 
Soymilk2 1 cup 109 2.9 45 1.2 
Low-fat chocolate milk (1%)2 1 cup 178 2.8 71 1.1 
Fortified ready-to-eat cereals (various)2 1/3 -1 ¼ cup 74-247 0.2-2.5 248-443 0.8-8.6 
Orange juice, fortified2 1 cup 117 2.5 47 1.0 
Almond milk (all flavors)2 1 cup 91-120 2.4 38-50 1.0 
Rice drink2 1 cup 113 2.4 47 1.0 
Pork, cooked (various cuts) 3 ounces 122-390 0.2-2.2 143-459 0.2-2.6 
Mushrooms, morel, raw ½ cup 10 1.7 31 5.1 
Margarine (various) 2 1 Tbsp 75-100 1.5 533-717 10.7 
Mushrooms, Chanterelle, raw ½ cup 10 1.4 38 5.3 
Egg, hard-boiled 1 large 78 1.1 155 2.2 

1Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA National 
Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata . 
2Vitamin D fortified 
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Table D1.6. Calcium: Food sources ranked by amounts of calcium and energy per standard food portions and per 
100 grams of foods. 

Standard Calories in Calcium in Calories Calcium per 
Food Portion Size Standard 

Portion1 
Standard 

Portion (mg)1 
per 100 
grams1 

100 grams 
(mg)1 

Fortified ready-to-eat cereals (various)2 ¾ -1 ¼ cup 70-197 137-1000 234-394 455-3333 
Pasteurized process American cheese 2 ounces 210 593 371 1045 
Parmesan cheese, hard 1.5 ounces 167 503 392 1184 
Plain yogurt, nonfat 8 ounces 127 452 56 199 
Romano cheese 1.5 ounces 165 452 387 1064 
Almond milk (all flavors)2 1 cup 91-120 451 38-50 188 
Pasteurized process Swiss cheese 2 ounces 189 438 334 772 
Tofu, raw, regular, prepared with ½ cup 94 434 76 350 
calcium sulfate 
Gruyere cheese 1.5 ounces 176 430 413 1011 
Vanilla yogurt, low-fat 8 ounces 193 388 85 171 
Plain yogurt, low-fat 8 ounces 143 415 63 183 
Pasteurized process American cheese 2 ounces 187 387 330 682 
food 
Fruit yogurt, low-fat 8 ounces 238 383 105 169 
Orange juice, calcium fortified2 1 cup 117 349 47 140 
Soymilk (all flavors) 2 1 cup 109 340 45 140 
Ricotta cheese, part skim ½ cup 171 337 138 272 
Swiss cheese 1.5 ounces 162 336 380 791 
Evaporated milk ½ cup 170 329 135 261 
Sardines, canned in oil, drained 3 ounces 177 325 208 382 
Provolone cheese 1.5 ounces 149 321 351 756 
Monterey cheese 1.5 ounces 159 317 373 746 
Mustard spinach (tendergreen), raw 1 cup 33 315 22 210 
Muenster cheese 1.5 ounces 156 305 368 717 
Low-fat milk (1%) 1 cup 102 305 42 125 
Mozzarella cheese, part-skim 1.5 ounces 128 304 301 716 
Skim milk (nonfat) 1 cup 83 299 34 122 
Reduced fat milk (2%) 1 cup 122 293 50 120 
Colby cheese 1.5 ounces 167 291 394 685 
Low-fat chocolate milk (1%) 1 cup 178 290 71 116 
Cheddar cheese 1.5 ounces 173 287 406 675 
Rice drink2 1 cup 113 283 47 118 
Whole buttermilk 1 cup 152 282 62 115 
Whole chocolate milk 1 cup 208 280 83 112 
Whole milk 1 cup 149 276 61 113 
Reduced fat chocolate milk (2%) 1 cup 190 273 76 109 
Ricotta cheese, whole milk ½ cup 216 257 174 207 

1Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA National 
Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata . 
2Calcium fortified 
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Table D1.7. Potassium: Food sources ranked by amounts of potassium and energy per standard food portions and 
per 100 grams of foods. 

Standard Calories in Potassium in Calories Potassium 
Food Portion 

Size 
Standard 
Portion1 

Standard 
Portion (mg)1 

per 100 
grams1 

per 100 
grams (mg)1 

Potato, baked, flesh and skin 1 medium 163 941 94 544 
Prune juice, canned 1 cup 182 707 71 276 
Carrot juice, canned 1 cup 94 689 40 292 
Passion-fruit juice, yellow or purple 1 cup 126-148 687 51-60 278 
Tomato paste, canned ¼ cup 54 669 82 1014 
Beet greens, cooked from fresh ½ cup 19 654 27 909 
Adzuki beans, cooked ½ cup 147 612 128 532 
White beans, canned ½ cup 149 595 114 454 
Plain yogurt, nonfat 1 cup 127 579 56 255 
Tomato puree ½ cup 48 549 38 439 
Sweet potato, baked in skin 1 medium 103 542 90 475 
Salmon, Atlantic, wild, cooked 3 ounces 155 534 182 628 
Clams, canned 3 ounces 121 534 142 628 
Pomegranate juice 1 cup 134 533 54 214 
Plain yogurt, low-fat 8 ounces 143 531 63 234 
Tomato juice, canned 1 cup 41 527 17 217 
Orange juice, fresh 1 cup 112 496 45 200 
Soybeans, green, cooked ½ cup 127 485 141 539 
Chard, swiss, cooked ½ cup 18 481 20 549 
Lima beans, cooked ½ cup 108 478 115 508 
Mackerel, various types, cooked 3 ounces 114-171 443-474 134-201 521-558 
Vegetable juice, canned 1 cup 48 468 19 185 
Chili with beans, canned ½ cup 144 467 112 365 
Great northern beans, canned ½ cup 150 460 114 351 
Yam, cooked ½ cup 79 456 116 670 
Halibut, cooked 3 ounces 94 449 111 528 
Tuna, yellowfin, cooked 3 ounces 111 448 130 527 
Acorn squash, cooked ½ cup 58 448 56 437 
Snapper, cooked 3 ounces 109 444 128 522 
Soybeans, mature, cooked ½ cup 149 443 173 515 
Tangerine juice, fresh 1 cup 106 440 43 178 
Pink beans, cooked ½ cup 126 430 149 508 
Chocolate milk (1%, 2% and whole) 1 cup 178-208 418-425 71-83 167-170 
Amaranth leaves, cooked ½ cup 14 423 21 641 
Banana 1 medium 105 422 89 358 
Spinach cooked from fresh or canned ½ cup 21-25 370-419 23 346-466 
Black turtle beans, cooked ½ cup 121 401 130 433 
Peaches, dried, uncooked ¼ cup 96 399 239 996 
Prunes, stewed ½ cup 133 398 107 321 
Rockfish, Pacific, cooked 3 ounces 93 397 109 467 
Rainbow trout, wild or farmed, cooked 3 ounces 128-143 381-383 150-168 448-450 
Skim milk (nonfat) 1 cup 83 382 34 156 
Refried beans, canned, traditional ½ cup 106 380 89 319 
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Table D1.7. Potassium, continued.
 
 

Standard Calories in Potassium in Calories Potassium 
Food Portion 

Size 
Standard 
Portion1 

Standard 
Portion (mg)1 

per 100 
grams1 

per 100 
grams (mg)1 

Apricots, dried, uncooked ¼ cup 78 378 241 1162 
Pinto beans, cooked ½ cup 123 373 143 436 
Lentils, cooked ½ cup 115 365 116 369 
Avocado ½ cup 120 364 160 485 
Tomato sauce, canned ½ cup 30 364 24 297 
Plantains, slices, cooked ½ cup 89 358 116 465 
Kidney beans, cooked ½ cup 113 357 127 403 
Navy beans, cooked ½ cup 128 354 140 389 

1Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA National 
Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata . 
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Table D1.8. Dietary fiber: Food sources ranked by amounts of dietary fiber and energy per standard food portions 
and per 100 grams of foods. 

Standard Calories in Dietary fiber Calories Dietary fiber 
Food Portion Size Standard 

Portion1 
in Standard 
Portion (g)1 

per 100 
grams1 

per 100 grams 
(g)1 

High fiber bran ready-to eat-cereal 1/3 ± ¾ cup 60-81 9.1-14.3 200-260 29.3-47.5 
Navy beans, cooked ½ cup 127 9.6 140 10.5 
Small white beans, cooked ½ cup 127 9.3 142 10.4 
Yellow beans, cooked ½ cup 127 9.2 144 10.4 
Shredded wheat ready-to-eat cereal 1-1 ¼ cup 155-220 5.0-9.0 321-373 9.6-15.0 
(various) 
Cranberry (roman) beans, cooked ½ cup 120 8.9 136 10.0 
Adzuki beans, cooked ½ cup 147 8.4 128 7.3 
French beans, cooked ½ cup 114 8.3 129 9.4 
Split peas, cooked ½ cup 114 8.1 116 8.3 
Chickpeas, canned ½ cup 176 8.1 139 6.4 
Lentils, cooked ½ cup 115 7.8 116 7.9 
Pinto beans, cooked ½ cup 122 7.7 143 9.0 
Black turtle beans, cooked ½ cup 120 7.7 130 8.3 
Mung beans, cooked ½ cup 106 7.7 105 7.6 
Black beans, cooked ½ cup 114 7.5 132 8.7 
Artichoke, globe or French, cooked ½ cup 45 7.2 53 8.6 
Lima beans, cooked ½ cup 108 6.6 115 7.0 
Great northern beans, canned ½ cup 149 6.4 114 4.9 
White beans, canned ½ cup 149 6.3 114 4.8 
Kidney beans, all types, cooked ½ cup 112 5.7 127 6.4 
Pigeon peas, cooked ½ cup 102 5.6 121 6.7 
Cowpeas, cooked ½ cup 99 5.6 116 6.5 
Wheat bran flakes ready-to-eat cereal ¾ cup 90-98 4.9-5.5 310-328 16.9-18.3 
(various) 
Pear 1 medium 101 5.5 57 3.1 
Pumpkin seeds, whole, roasted 1 ounce 126 5.2 446 18.4 
Baked beans, canned, plain ½ cup 119 5.2 94 4.1 
Soybeans, cooked ½ cup 149 5.2 173 6.0 
Plain rye wafer crackers 2 wafers 73 5.0 334 22.9 
Avocado ½ cup 120 5.0 160 6.7 
Broadbeans (fava beans), cooked ½ cup 94 4.6 110 5.4 
Pink beans, cooked ½ cup 126 4.5 149 5.3 
Apple, with skin 1 medium 95 4.4 52 2.4 
Green peas, cooked (frsh, frzn, cnd) ½ cup 59-67 3.5-4.4 69-84 4.1-5.5 
Refried beans, canned ½ cup 107 4.4 90 3.7 
Chia seeds, dried 1 Tbsp 58 4.1 486 34.4 
Bulgur, cooked ½ cup 76 4.1 83 4.5 
Mixed vegetables, cooked from frozen ½ cup 59 4.0 65 4.4 
Raspberries ½ cup 32 4.0 52 6.5 
Blackberries ½ cup 31 3.8 43 5.3 
Collards, cooked ½ cup 32 3.8 33 4.0 
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Table D1.8. Dietary fiber, continued.
 
 

Standard Calories in Dietary fiber Calories Dietary fiber 
Food Portion Size Standard 

Portion1 
in Standard 
Portion (g)1 

per 100 
grams1 

per 100 grams 
(g)1 

Soybeans, green, cooked ½ cup 127 3.8 141 4.2 
Prunes, stewed ½ cup 133 3.8 107 3.1 
Sweet potato, baked in skin 1 medium 103 3.8 90 3.3 
Figs, dried ¼ cup 93 3.7 249 9.8 
Pumpkin, canned ½ cup 42 3.6 34 2.9 
Potato, baked, with skin 1 medium 163 3.6 94 2.1 
Popcorn, air-popped 3 cups 93 3.5 387 14.5 
Almonds 1 ounce 164 3.5 579 12.5 
Pears, dried ¼ cup 118 3.4 262 7.5 
Whole wheat spaghetti, cooked ½ cup 87 3.2 124 4.5 
Parsnips, cooked ½ cup 55 3.1 71 4.0 
Sunflower seed kernels, dry roasted 1 ounce 165 3.1 582 11.1 
Orange 1 medium 69 3.1 49 2.2 
Banana 1 medium 105 3.1 89 2.6 
Guava 1 fruit 37 3.0 68 5.4 
Oat bran muffin 1 small 178 3.0 270 4.6 
Pearled barley, cooked ½ cup 97 3.0 123 3.8 
Winter squash, cooked ½ cup 38 2.9 37 2.8 
Dates ¼ cup 104 2.9 282 8.0 
Pistachios, dry roasted 1 ounce 161 2.8 567 9.9 
Pecans, oil roasted 1 ounce 203 2.7 715 9.5 
Hazelnuts or filberts 1 ounce 178 2.7 628 9.7 
Peanuts, oil roasted 1 ounce 170 2.7 599 9.4 
Whole wheat paratha bread 1 ounce 92 2.7 326 9.6 
Quinoa, cooked ½ cup 111 2.6 120 2.8 

1Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA National 
Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata . 
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Table D1.9. Iron: Food sources ranked by amounts of iron and energy per standard food portions and per 100 
grams of foods. 

Standard Calories in Iron in Calories Iron per 
Food Portion Size Standard 

Portion1 
Standard 

Portion (mg)1 
per 100 
grams1 

100 grams 
(mg)1 

Organ meats (spleen, liver, giblets, heart, 3 ounces 84-235 4.5-33.5 99-277 5.3-39.4 
kidney or lung) various, cooked 
Fortified ready-to-eat cereals (various) ½ -1 ½ cup 89-230 5.1-19.6 310-443 19.4-67.7 
Fortified instant cereals (various), 1 cup 174-241 5.1-14.7 62-96 2.1-6.7 
prepared 
Clams, cooked, breaded and fried 3 ounces 172 11.8 202 13.9 
Octopus, cooked, moist heat 3 ounces 139 8.1 164 9.5 
Coconut milk, canned 1 cup 445 7.5 197 3.3 
Tofu, raw, regular, prep. w/ Ca sulfate ½ cup 94 6.6 76 5.4 
Oysters, eastern, wild/farmed, cooked, 3 ounces 67 6.1-6.6 79 7.2-7.8 
dry heat 
Oysters, cooked, breaded and fried 3 ounces 169 5.9 199 7.0 
Mussels, blue, cooked, moist heat 3 ounces 146 5.7 172 6.7 
Liverwurst spread ¼ cup 168 4.9 305 8.9 
Soybeans, mature, cooked ½ cup 149 4.4 173 5.1 
Chili with beans, canned ½ cup 128 4.4 112 3.4 
Beef, plate steak, boneless, outside skirt, 
all grades, grilled2 

3 ounces 240-248 4.3-4.4 282-292 5.1-5.2 

Mushrooms, morel, raw ½ cup 10 4.0 31 12.2 
White beans, canned or cooked ½ cup 125-149 3.3-3.9 114-139 3.0-3.7 
Lentils, cooked ½ cup 115 3.3 116 3.3 
Spinach, cooked from fresh, frzn or cnd ½ cup 21-32 1.9-3.2 23-34 2.0-3.6 
Beef, shoulder pot roast, boneless, 0" fat, 3 ounces 167-173 3.1 196-204 3.5-3.6 
all grades, braised2 

Beef, loin, tenderloin steak, boneless, 0" 3 ounces 168-179 2.7-3.0 198-211 3.2-3.6 
fat, all grades, grilled2 

Ground beef (95% lean/5% fat), cooked 3 ounces 164 2.8 193 3.2 
Black turtle beans, cooked ½ cup 121 2.7 130 2.9 
Kidney beans, cooked ½ cup 113 2.6 127 2.9 
Sardines, canned in oil, drained 3 ounces 177 2.5 208 2.9 
Bagel, enriched ��VP���´�GLD� 182 2.5 264 3.6 
Chickpeas, cooked ½ cup 134 2.4 164 2.9 
Pumpkin/squash seed kernels, roasted 1 ounce 163 2.3 574 8.1 
Adzuki beans, cooked ½ cup 147 2.3 128 2.0 
Hearts of palm, canned ½ cup 21 2.3 28 3.1 
Yardlong beans, cooked ½ cup 101 2.3 118 2.6 
Lima beans, cooked ½ cup 108 2.3 115 2.4 
Tomato puree, canned ½ cup 48 2.3 38 1.8 
Navy beans, cooked ½ cup 127 2.2 140 2.4 
Cowpeas, cooked ½ cup 100 2.2 116 2.5 

1Source: U.S Department of Agriculture, Agricultural Research Service, Nutrient Data Laboratory. 2014. USDA National 
Nutrient Database for Standard Reference, Release 27. Available at: http://www.ars.usda.gov/nutrientdata. 
2Lean and fat or lean only 
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Table D1.10. USDA Food Intake Patterns (Healthy U.S.-Style Patterns) recommended daily intake amounts, weekly amounts for vegetable and 
protein foods subgroups. 

Energy Level of 
Pattern* 1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 3,000 3,200 
Food Group
Fruits 1 c 1 c 1½ c 1½ c 1½ c 2 c 2 c 2 c 2 c 2½ c 2½ c 2½ c 
Vegetables 1 c 1½ c 1½ c 2 c 2½ c 2½ c 3 c 3 c 3½ c 3½ c 4 c 4 c 

Dark green ½ 1 1 1½ 1½ 1½ 2 2 2½ 2½ 2½ 2½ vegetables (c/wk)
 

Red/Orange 
 
 2½ 3 3 4 5½ 5½ 6 6 7 7 7½ 7½ vegetables (c/wk)
 

Dry beans and 
 
 ½ ½ ½ 1 1½ 1½ 2 2 2½ 2½ 3 3 peas(c/wk)
 

Starchy vegetables 
 
 2 3½ 3½ 4 5 5 6 6 7 7 8 8 (c/wk)
 

Other vegetables 
 
 1½ 2½ 2½ 3½ 4 4 5 5 5½ 5½ 7 7 (c/wk) 

Grains 3 oz eq 4 oz eq 5 oz eq 5 oz eq 6 oz eq 6 oz eq 7 oz eq 8 oz eq 9 oz eq 10 oz eq 10 oz eq 10 oz eq 
Whole grains 1½ oz eq 2 oz eq 2½ oz eq 3 oz eq 3 oz eq 3 oz eq 3½ oz eq 4 oz eq 4½ oz eq 5 oz eq 5 oz eq 5 oz eq 
Other grains 1½ oz eq 2 oz eq 2½ oz eq 2 oz eq 3 oz eq 3 oz eq 3½ oz eq 4 oz eq 4½ oz eq 5 oz eq 5 oz eq 5 oz eq 

5½ oz 6½ oz Protein Foods 2 oz eq 3 oz eq 4 oz eq 5 oz eq 5 oz eq 6 oz eq 6½ oz eq 7 oz eq 7 oz eq 7 oz eqeq eq 

Meat, poultry, eggs
 
 10 14 19 23 23 26 28 31 31 33 33 33 (oz/wk)
 

Seafood (oz/wk) 3 4 6 8 8 8 9 10 10 10 10 10

 
Nuts seeds, soy
 
 2 2 3 4 4 5 5 5 5 6 6 6 (oz/wk)
 

Dairy 2 c 2.5 c 2.5 c 3 c 3 c 3 c 3 c 3 c 3 c 3 c 3 c 3 c

 
Oils 15 g 17 g 17 g 22 g 24 g 27 g 29 g 31 g 34 g 36 g 44 g 51g

 
Limits for:

Solid fats 10g 7g 7g 8g 11g 18g 18g 23g 25g 26g 31g 40g

 
Added Sugars 17g 12g 13g 14g 19g 30g 32g 39g 43g 45g 53g 69g

 

*Food group amounts shown in cup (c) or ounce equivalents (oz eq). Oils, solid fats, and added sugars are shown in grams (g). 
Notes continue on next page. 
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Table D1.10. USDA Food Intake Patterns (Healthy U.S.-Style Patterns), continued. 

Quantity equivalents for each food group are: 
x Grains, 1 ounce equivalent is: ½ cup cooked rice, pasta, or cooked cereal; 1 ounce dry pasta or rice; 1 slice bread; 1 small muffin (1 oz); 1 cup 

RTE cereal flakes. 
x Fruits and vegetables, 1 cup equivalent is: 1 cup raw or cooked fruit or vegetable, 1 cup fruit or vegetable juice, 2 cups leafy salad greens. 
x Protein Foods , 1 ounce equivalent is: 1 ounce lean meat, poultry, or fish; 1 egg; ¼ cup cooked dry beans or tofu; 1 Tbsp peanut butter; ½ ounce 

nuts or seeds. 
x Milk, 1 cup equivalent is: 1 cup milk or yogurt, 1½ ounces natural cheese such as Cheddar cheese or 2 ounces of processed cheese.  

Source: Center for Nutrition Policy and Promotion, USDA. USDA Food Patterns. For more information see Appendix E-3.1: Adequacy of the USDA Food 
Patterns  
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Table D1.11. Energy levels used for assignment of individuals to USDA Food Intake Patterns.
 
 

Sedentary1 Moderately Active3 

Males, age Males Active2 Male Male 
2 1000
 
3 1000
 
4 1200
 
5 1200
 
6 1400
 
7 1400
 
8 1400
 
9 1600
 
10 1600
 
11 1800
 
12 1800
 
13 2000
 
14 2000
 
15 2200
 
16 2400
 
17 2400
 
18 2400
 

19-20 2600
 
21-25 2400
 
26-30 2400
 
31-35 2400
 
36-40 2400
 
41-45 2200
 
46-50 2200
 
51-55 2200
 
56-60 2200
 
61-65 2000
 
66-70 2000
 
71-75 2000
 

76 and up 2000
 

1000
 
1400
 
1400
 
1400
 
1600
 
1600
 
1600
 
1800
 
1800
 
2000
 
2200
 
2200
 
2400
 
2600
 
2800
 
2800
 
2800
 
2800
 
2800
 
2600
 
2600
 
2600
 
2600
 
2400
 
2400
 
2400
 
2400
 
2200
 
2200
 
2200
 

1000
 
1400
 
1600
 
1600
 
1800
 
1800
 
2000
 
2000
 
2200
 
2200
 
2400
 
2600
 
2800
 
3000
 
3200
 
3200
 
3200
 
3000
 
3000
 
3000
 
3000
 
2800
 
2800
 
2800
 
2800
 
2600
 
2600
 
2600
 
2600
 
2400
 

Moderately 
Females, Sedentary1 Active2 Active3 

age Female Female Female 
2 

3 

4 

5 

6 

7 

8 

9 

10
 
11
 
12
 
13
 
14
 
15
 
16
 
17
 
18
 

19-20
 

21-25
 

26-30
 

31-35
 

36-40
 

41-45
 

46-50
 

51-55
 

56-60
 

61-65
 

66-70
 

71-75
 


76 and up
 


1000
 
1000
 
1200
 
1200
 
1200
 
1200
 
1400
 
1400
 
1400
 
1600
 
1600
 
1600
 
1800
 
1800
 
1800
 
1800
 
1800
 
2000
 
2000
 
1800
 
1800
 
1800
 
1800
 
1800
 
1600
 
1600
 
1600
 
1600
 
1600
 
1600
 

1000 1000
 
1200 1400
 
1400 1400
 
1400 1600
 
1400 1600
 
1600 1800
 
1600 1800
 
1600 1800
 
1800 2000
 
1800 2000
 
2000 2200
 
2000 2200
 
2000 2400
 
2000 2400
 
2000 2400
 
2000 2400
 
2000 2400
 
2200 2400
 
2200 2400
 
2000 2400
 
2000 2200
 
2000 2200
 
2000 2200
 
2000 2200
 
1800 2200
 
1800 2200
 
1800 2000
 
1800 2000
 
1800 2000
 
1800 2000
 

1Sedentary means a lifestyle that includes only the physical activity of independent living.
2Moderately Active means a lifestyle that includes physical activity equivalent to walking about 1.5 to 3 miles per day at 3 to 
4 miles per hour, in addition to the activities of independent living. 
3Active means a lifestyle that includes physical activity equivalent to walking more than 3 miles per day at 3 to 4 miles per 
hour, in addition to the activities of independent living. 
Source: Center for Nutrition Policy and Promotion, USDA. USDA Food Patterns. Available at 
http://www.cnpp.usda.gov/sites/default/files/usda_food_patterns/EstimatedCalorieNeedsPerDayTable.pdf 
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Table D1.12. Percent of total energy intake from the 32 as-consumed food subcategories,* NHANES 2009-10.  
 


% of total energy 
 

Subcategory consumption Cumulative %
 
 
BURGERS, SANDWICHES, and TACOS 13.8 13.8 
DESSERTS and SWEET SNACKS 8.5 22.3 
SUGAR-SWEETENED and DIET BEVERAGES 6.5 28.8 
RICE, PASTA, GRAIN-BASED MIXED DISHES 5.5 34.3 
CHIPS, CRACKERS, and SAVORY SNACKS 4.6 38.9 
PIZZA 4.3 43.2 
MEAT, POULTRY, SEAFOOD MIXED DISHES 3.9 47.1 
VEGETABLES ( Incl. Beans and Peas, not Starchy) 3.8 50.9 
ALCOHOLIC BEVERAGES 3.8 54.8 
STARCHY VEGETABLES 3.8 58.6 
YEAST BREADS AND TORTILLAS 3.8 62.4 
HIGHER FAT MILK/YOGURT 3.5 65.8 
BREAKFAST CEREALS AND BARS 3.5 69.3 
POULTRY (Not incl. Deli and Mixed Dishes) 3.3 72.6 
CANDY AND SUGARS 3.1 75.6 
FRUIT (non-juice) 2.7 78.4 
MEATS (Not incl. Deli and Mixed Dishes) 2.1 80.5 
LOWFAT MILK/YOGURT 1.9 82.4 
QUICK BREADS (Biscuits, Muffins, Pancakes, Waffles) 1.9 84.4 
100% FRUIT JUICE 1.8 86.2 
NUTS, SEEDS, AND SOY 1.7 87.9 
EGGS 1.5 89.4 
RICE AND PASTA 1.5 90.8 
COFFEE AND TEA 1.4 92.3 
SPREADS 1.3 93.6 
SOUPS 1.3 95.0 
DELI/CURED PRODUCTS (Meat and Poultry) 1.3 96.3 
CHEESE 1.3 97.6 
SEAFOOD (Not incl. Mixed Dishes) 1.1 98.7 
CONDIMENTS AND GRAVIES 0.7 99.4 
SALAD DRESSINGS 0.3 99.7 
WATERS 0.0 99.7 

*Collapsed from the 150 WWEIA Food Categories.
 
 
Note: does not total to 100% because baby foods and formulas are not included.
 
 
Source: Analysis of What We Eat in America (WWEIA) Food categories for NHANES 2009-10, population ages 2+. 
 

(see Appendix E-2.9)
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Table D1.14. Percent of individuals skipping specific meals, by age/sex groups, NHANES 2009-2010. 
 


% skipping % skipping % skipping 
Age/sex breakfast lunch dinner 
Males: 
Ages 2-5 6 7 4 
Ages 6-11 13 13 6 
Ages 12-19 26 19 7 
Ages 20-29 28 23 12 
Ages 30-39 19 22 8 
Ages 40-49 16 25 6 
Ages 50-59 12 23 7 
Ages 60-69 9 18 6 
Ages 70+ 5 28 7 
Females: 
Ages 2-5 5 7 5 
Ages 6-11 14 16 5 
Ages 12-19 25 25 11 
Ages 20-29 22 24 7 
Ages 30-39 14 17 9 
Ages 40-49 13 22 8 
Ages 50-59 8 19 8 
Ages 60-69 6 18 6 
Ages 70+ 4 21 6 
Males and Females ages 2+ 15 20 7 

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, 
USDA. WWEIA Data Tables, NHANES 2009-2010. For standard errors and documentation, see: 
http://seprl.ars.usda.gov/Services/docs.htm?docid=18349 
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Table D1.15. Meal and snack intake over time²percent reporting consumption of each meal, by age/sex group, NHANES 2005-2006 to 2009­

2010. 

Lunch Lunch Lunch Dinner Dinner Dinner Snacks Snacks Snacks 
Breakfast Breakfast Breakfast 2005­ 2007­ 2009­ 2005­ 2007­ 2009­ 2005­ 2007­ 2009­
2005-2006 2007-2008 2009-2010 2006 2008 2010 2006 2008 2010 2006 2008 2010 

% % % % % % % % % % % % 
Males: 
Ages 2-5 96 94 94 92 91 93 96 96 96 99 98 97 
Ages 6-11 91 87 87 88 90 87 97 94 94 98 95 96 
Ages 12-19 71 74 74 78 81 81 92 88 93 93 95 92 
Ages 20-29 69 72 72 73 82 77 88 91 88 98 94 96 
Ages 30-39 82 81 81 85 77 78 90 89 92 95 95 96 
Ages 40-49 83 84 84 79 79 75 94 94 94 99 97 97 
Ages 50-59 88 88 88 79 80 77 92 91 93 95 98 97 
Ages 60-69 91 91 91 74 74 82 95 91 94 94 95 94 
Ages 70+ 95 95 95 74 70 72 92 94 93 94 93 94 
Ages 20+ 83 84 84 78 78 77 92 92 92 96 95 96 
Females: 
Ages 2-5 97 95 95 91 90 93 95 95 95 96 97 97 
Ages 6-11 90 86 86 88 91 84 96 94 95 97 98 98 
Ages 12-19 71 75 75 80 82 75 92 89 89 94 95 94 
Ages 20-29 74 78 78 79 81 76 89 94 93 94 96 95 
Ages 30-39 88 86 86 83 77 83 92 92 91 97 95 97 
Ages 40-49 85 87 87 79 82 78 93 94 92 97 98 94 
Ages 50-59 92 92 92 81 83 81 94 95 92 98 98 97 
Ages 60-69 93 94 94 79 76 82 95 94 94 98 99 97 
Ages 70+ 96 96 96 79 78 79 93 93 94 93 94 94 

Ages 20+ 87 88 88 80 80 80 93 94 93 96 97 96 
M/F Ages 2+ 85 85 85 80 81 80 93 92 93 96 96 96 

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES 
2005-06, 2007-08, 2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349 
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Table D1.16. Percent of energy from each meal and snack occasion over time, by age/sex group, NHANES 2005-2006 to 2009-2010. 
 

Breakfast Breakfast Breakfast Lunch Lunch Lunch Dinner Dinner Dinner Snacks Snacks Snacks 
2005­ 2007­ 2009­ 2005­ 2007­ 2009­ 2005­ 2007­ 2009­ 2005­ 2007­ 2009­
2006 2008 2010 2006 2008 2010 2006 2008 2010 2006 2008 2010 

% % % % % % % % % % % % 
 
Males:
 
Ages 2-5 19 20 20 26 24 26 27 27 26 28 28 28 
 
Ages 6-11 17 19 19 26 27 26 30 29 31 26 25 25 
 
Ages 12-19 14 15 15 26 26 25 35 33 33 26 26 26 
 
Ages 20-29 15 15 15 24 26 25 34 34 34 28 26 26 
 
Ages 30-39 15 15 15 29 25 24 32 35 36 24 22 25 
 
Ages 40-49 15 15 15 22 24 22 39 37 37 24 23 25 
 
Ages 50-59 16 16 16 23 25 22 38 36 37 23 23 25 
 
Ages 60-69 19 19 19 21 21 23 39 37 39 21 24 20 
 
Ages 70+ 22 22 22 21 19 20 38 38 39 18 20 19 
 
Ages 20+ 16 16 16 24 24 23 36 36 36 24 23 24 
 
Females:
 
Ages 2-5 20 19 19 24 23 24 26 26 27 30 29 29 
 
Ages 6-11 19 19 19 26 27 24 31 30 33 24 26 24 
 
Ages 12-19 14 16 16 25 27 25 35 30 33 26 28 26 
 
Ages 20-29 15 16 16 26 25 23 33 36 35 26 25 25 
 
Ages 30-39 17 18 18 26 23 25 34 35 33 23 25 24 
 
Ages 40-49 16 17 17 24 24 23 37 36 35 23 25 24 
 
Ages 50-59 18 18 18 25 24 23 37 37 36 21 23 23 
 
Ages 60-69 19 18 18 22 22 22 39 36 37 20 23 23 
 
Ages 70+ 22 21 21 22 24 24 36 37 38 20 19 18 
 
Ages 20+ 17 18 18 24 24 23 35 36 35 23 24 23 
 
M/F Ages 
2+ 17 17 17 25 25 24 35 35 35 24 24 24 

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultural Research Service, USDA. WWEIA Data Tables, NHANES 
2005-06, 2007-08, 2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.htm?docid=18349 
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Table D1.17. Percent of nutrient intake from snacks by age/sex group, NHANES 2009 

Source: Food Surveys Research Group, Beltsville Human Nutrition Research Center, Agricultu 
2009-2010. For standard errors and documentation, see: http://seprl.ars.usda.gov/Services/docs.h 

 

 
 

 
   

 
            

           
            
            
            
            
            
            

         
 
            

           
            
            
            
            
            
            

           
 

 
 

 
 

-2010. 

ral Research Service, USDA. WWEIA Data Tables, NHANES 
tm?docid=18349 

2015 D
ietary G

uidelines A
dvisory C

om
m

ittee R
eport 

Food 
energy 

Age/sex % 
Males: 
Ages 2-5 28 
Ages 6-11 25 
Ages 12-19 26 
Ages 20-29 26 
Ages 30-39 25 
Ages 40-49 25 
Ages 50-59 25 
Ages 60-69 20 
Ages 70+ 19 
Females: 
Ages 2-5 29 
Ages 6-11 24 
Ages 12-19 26 
Ages 20-29 25 
Ages 30-39 24 
Ages 40-49 24 
Ages 50-59 23 
Ages 60-69 23 
Ages 70+ 18 

*Overconsumed nutrient 

Protein 
% 

19 
15 
14 
14 
12 
14 
14 
11 
10 

21 
14 
16 
14 
13 
14 
13 
14 
10 

Dietary 
fiber 

% 

25 
22 
23 
22 
19 
21 
21 
16 
16 

28 
25 
26 
21 
22 
19 
20 
19 
15 

Folate 
% 

18 
17 
17 
21 
17 
19 
18 
13 
11 

17 
17 
20 
16 
14 
18 
17 
14 
11 

Vitamin 
 
D
 
%
 

24 
21 
17 
22 
17 
20 
17 
14 
9 

29 
14 
19 
18 
16 
17 
15 
16 
13 

Calcium 
% 

27 
23 
23 
28 
24 
25 
24 
22 
19 

32 
19 
26 
25 
24 
28 
23 
26 
20 

Iron 
% 

18 
18 
18 
20 
17 
17 
17 
13 
11 

19 
19 
21 
17 
15 
18 
17 
15 
11 

Potas­
sium 

% 

26 
22 
21 
24 
21 
22 
21 
18 
17 

29 
20 
24 
22 
22 
22 
20 
21 
16 

Sodium* 
% 

18 
16 
16 
15 
13 
14 
13 
11 
9 

18 
16 
19 
15 
14 
14 
13 
13 
10 

Saturated 
Caffeine Fat* 

% % 

36 26 
41 24 
60 23 
48 18 
45 17 
48 21 
43 23 
37 17 
41 18 

44 30 
39 23 
47 24 
39 23 
42 20 
40 24 
42 22 
42 24 
35 18 
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Table D1.18. Vegetable density (cup equivalents per 1000 calorie) for all vegetable subgroups, by point of 
purchase, NHANES 2003-2004 to 2009-2010. 

Point of purchase 2003-2004 2005-2006 2007-2008 2009-2010 
DARK GREEN VEGETABLES (cup eq/1000 calorie) 
Store 0.04 0.05 0.05 0.06 
Restaurant 0.07 0.08 0.09 0.09 
Quick serve restaurant 0.02 0.02 0.03 0.03 
School/day care 0.01 0.02 0.01 0.02 
Other 0.05 0.08 0.07 0.07 
RED AND ORANGE VEGETABLES (cup eq/1000 calorie) 
Store n/a 0.16 0.16 0.16 
Restaurant n/a 0.23 0.23 0.20 
Quick serve restaurant n/a 0.22 0.17 0.17 
School/day care n/a 0.19 0.17 0.14 
Other n/a 0.23 0.22 0.22 
STARCHY VEGETABLES (cup eq/1000 calorie) 
Store 0.20 0.18 0.20 0.19 
Restaurant 0.23 0.24 0.26 0.24 
Quick serve restaurant 0.24 0.22 0.23 0.23 
School/day care 0.16 0.17 0.21 0.12 
Other 0.22 0.23 0.25 0.25 
OTHER VEGETABLES (cup eq/1000 calorie) 
Store 0.20 0.20 0.20 0.22 
Restaurant 0.44 0.42 0.42 0.38 
Quick serve restaurant 0.26 0.28 0.23 0.25 
School/day care 0.16 0.16 0.13 0.12 
Other 0.32 0.33 0.27 0.35 

Source: Analysis of food group content, expressed as Food Pattern Equivalents, by point of purchase for What We Eat in 
America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010, population ages 2+ (see Appendix E-2.15). 

2015 Dietary Guidelines Advisory Committee Report 129 



 
 

  
 
 

   

   

       

       

 

   

    

       

  

  

  

         

     

  

  

 

     

  

  

 
 

      

  

 

  
   

 

  

 

 

  

 

Table D1.19. Body mass index (BMI)*, by sex, age, and race/ethnicity, adults ages 20 years and older, NHANES 
2009-2012. 

Normal weight Overweight Obese 
% (SE) % (SE) % (SE) 

All adults ages 20 y and older 29.6 (0.9) 33.3 (0.8) 35.3 (0.8) 

Men 26.5 (1.1) 38.1 (0.9) 34.5 (1.1) 

Women 32.6 (1.0) 28.8 (1.1) 36.0 (1.0) 

Age group (years)  

20-39  36.8 (1.8) 29.5 (1.2) 31.5 (1.3) 

40-59  24.5 (1.0) 35.9 (1.2) 38.0 (1.0) 

��� 25.4 (1.1) 35.7 (1.1) 37.5 (1.3) 

Race/ethnicity**  

Non-Hispanic White 31.2 (1.2) 33.5 (1.1) 33.4 (1.1) 

Non-Hispanic Black 21.7 (0.9) 27.7 (1.1) 48.7 (1.4) 

Hispanic 21.0 (1.0) 37.5 (1.2) 40.8 (1.2) 

Race/ethnicity by sex 

Men 

Non-Hispanic White 26.7 (1.5) 38.4 (1.1) 34.3 (1.3) 

Non-Hispanic Black 28.5 (1.1) 31.7 (1.5) 37.9 (1.5) 

Hispanic 19.4 (1.4) 41.5 (1.5) 38.5 (1.5) 

Women 

Non-Hispanic White 35.7 (1.4) 28.8 (1.7) 32.5 (1.5) 

Non-Hispanic Black 16.2 (1.2) 24.5 (1.4) 57.5 (1.7) 

Hispanic 22.7 (1.1) 33.5 (1.4) 43.0 (1.5) 

* Normal weight = �������%0,�����kg/m2; Overweight = ����%0, <30 kg/m2; Obese= %0,� �����kg/m2 

Estimates are age-adjusted to the year 2000 standard population using three age groups: 20±39 years, 40±59 years, and 60 
years and over; estimates are weighted; all pregnant women excluded from analysis. SE = standard error. 
**Participants with a race-+LVSDQLF�RULJLQ�FDWHJRUL]HG�DV�³RWKHU´�DUH�LQFOXGHG�LQ�RYHUDOO�HVWLPDWHV�EXW�DUH�QRW�VHSDUDWHO\� 
reported.  
Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition 
Examination survey (NHANES). Body Mass Index, Adults 20 y and over, NHANES 2009 -2012. 
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Table D1.20. Percent of overweight and obesity* by income in relation to poverty level, adults ages 20 years and older.
 

Income as % of % Overweight % Obese % Overweight % Obese % Overweight % Obese  % Overweight % Obese 
 
poverty level 1988-1994 1988-1994 1999-2002 1999-2002 2003-2006 2003-2006 2007-2010 2007-2010 
 

Below 100% 31.5 28.1 30 34.7 30.7 35 32.5 37.2 

100%-199% 31.9 26.1 33.2 34.1 30.6 35.9 33.2 37.3 

200%-399% 33.3 22.7 36.5 32.1 33.3 35.7 31.8 36.8 

400% or more 33.7 18.7 36.7 25.5 35.8 28.9 35.6 31.3 

*Overweight = ����%0, <30 kg/m2; Obese= %0,� �����NJ�P2 .
 
Source: Centers for Disease Control and Prevention. National Center for Health Statistics. U.S. Department of Health and Human Services. Table 74. Healthy
 
weight, overweight, and obesity among persons 20 years of age and over, by selected characteristics: United States, selected years 1960±1962 through 2007±
 
2010. Health, United States, 2011. 2011. Available from: http://www.cdc.gov/nchs/data/hus/2011/074.pdf.
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Table D1.21. Trends in prevalence of abdominal obesity@ among adults, by age, sex, and race/ethnicity, NHANES*. 

1999-2000 2001-2002 2003-2004 2005-2006 2007-2008 2009-2010 2011-2012 

Overall		 46.4 43.4 52.1 51.6 52.7 52.8 54.2 
Men		 37.1 39.1 42.5 44.8 43.4 43 43.5 
Women	 	 55.4 57.1 61.3 58.2 61.6 62.3 64.7 

Age group (years)** 	 Men 
20 - 39 25.3 26.5 28.7 29.9 28.5 NA NA 
40 - 59 41.8 43.9 49.8 52.7 49.4 NA NA 
60 + 52.8 55 57.2 60.9 60.4 NA NA 

Women 
20 - 39 43.8 45.6 48.5 46.2 51.3 NA NA 
40 - 59 60.3 59.9 66.7 63.5 65.5 NA NA 
60 + 69.1 73.5 76.3 72.4 73.8 NA NA 

Race/ethnicity Overall	 	 Non-Hispanic White 45.8 48.4 51.8 51.2 53.3 52.3 53.8 

Non-Hispanic Black 52.4 52.3 57.5 57.1 57.4 60.2 60.9 

Mexican American 48.1 49.9 55 51.4 55.5 58.4 57.4 
Men 
Non-Hispanic White 38.6 42.4 45.1 46.2 46.6 45.3 44.5 
Non-Hispanic Black 31.5 30.6 35.1 40 38.9 39.5 41.5 
Mexican American 35.8 34.5 38 34.8 41.6 43.4 43.2 

Women 
Non-Hispanic White 52.9 54.1 57.9 56.3 59.7 59.3 63.3 

Non-Hispanic Black 69.7 70.1 75.7 71 72.3 77.7 75.9 

Mexican American 60.2 66.9 73.8 70.5 71 75.5 71.6 

@Abdominal obesity, as measured by waist circumference (WC) is defined as WC >102 centimeters in men and >88 centimeters in women.
 
*All data from 1999 -2012, except age group ±source: Ford ES, Maynard LM, Li C. Trends in mean waist circumference and abdominal obesity among US 

adults, 1999-2012. JAMA. 2014;312(11):1151-3. PMID: 25226482. http://www.ncbi.nlm.nih.gov/pubmed/25226482.
 
**Age group data only available from 1999 -2008 ± source: Ford ES, Li C, Zhao G, Tsai J. Trends in obesity and abdominal obesity among adults in the 

United States from 1999-2008. Int J Obes (Lond). 2011;35(5):736-43. PMID: 20820173. http://www.ncbi.nlm.nih.gov/pubmed/20820173. 

Age adjustment was performed using the direct method using the projected year 2000 US population aged 20 years or older. 
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Table D1.22. Body mass index (BMI) * among children and adolescents ages 2 to 19 years, NHANES 2009­
2012. 

Normal weight Overweight Obese 
% (SE)  % (SE)  % (SE)  

Total  64.8 (0.8) 14.9 (0.6)  16.9 (0.6)  
Sex 

Boys 63.7 (1.0) 14.9 (0.8)  17.6 (0.9)  
Girls 65.9 (1.3) 14.9 (0.8)  16.1 (0.7)  
Age group (years)  
2- 5  72.1 (1.5)  14.5 (1.3)  10.2 (0.9)  
6-11  62.7 (1.1)  15.5 (0.8)  17.9 (0.9)  
12-19  62.7 (1.2)  14.6 (0.8)  19.4 (1.1)  
Race/ethnicity** 
Non-Hispanic White 68.2 (1.2)  14.1 (1.0)  14.0 (1.0)  

Non-Hispanic Black 60.0 (1.4)  14.9 (0.7)  22.1 (1.2)  
Hispanic 58.4 (0.9)  17.2 (0.7) 21.8 (0.6)  
Boys 
Non-Hispanic White 66.8 (1.6)  14.5 (1.5) 14.4 (1.5)  
Non-Hispanic Black 61.2 (1.8)  13.6 (1.1)  21.9 (1.4)  
Hispanic 57.1 (1.3)  16.4 (0.9)  23.7 (1.0)  

Girls 
Non-Hispanic White 69.8 (1.9)  13.7 (1.4)  13.6 (1.2)  
Non-Hispanic Black 58.7 (2.0)  16.3 (1.3)  22.3 (2.0)  
Hispanic 59.7 (1.2)  18.0 (0.9)  19.8 (1.1) 

th th th th th
*5 - 84  percentile = normal weight; 85 - 94  percentile = overweight; ���  percentile = obese. 

**Race-+LVSDQLF�RULJLQ�FODVVLILHG�DV�³RWKHU´�QRW�VHSDUDWHO\�UHSRUWHG�E\�LQFOXGHG�LQ�RYHUDOO�HVWLPDWHV��$QDO\VHV�EDVHG�RQ� 
age at the time of exam and exclude pregnant women. 
SE = standard error.  
Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition 
Examination survey (NHANES). Body Mass Index Among Children and Adolescents Ages 2 ± 19 years, NHANES 2009 ­
2012. 
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Table D1.23. Hypertension, lipid profile, and diabetes by body mass index (BMI) and waist circumference, adults ages 20 years and older, 

NHANES 2009-2012. 

Total 
cholesterolǧ 

% (SE) 

HDL-Cǧ 
% (SE) 

LDL-C� 
% (SE) 

Triglycerides� 
%(SE) 

Hypertension*@ � 

% (SE) 
Diabetes**� 

% (SE) 

������PJ�GO < 40 mg/dl ������PJ�GO � 200 mg/dl 
BMI¼ 
Normal weight 12.1 (0.8) 8.5 (0.7) 8 (0.8) 4.8 (0.7) 20.0 (1.1) 5.5 (0.8) 
Over weight 15.2 (1) 18.8 (1) 12 (1.2) 12 (0.8) 26.4 (0.8) 9.0 (0.9) 
Obese  11.7 (0.6) 30.2 (1.3) 11.2 (0.8) 17.2 (1.6) 39.2 (0.8) 20.3 (1.2) 
Waist Circumference (cm)& 

0HQ������ :RPHQ������ 12.1 (0.8) 13.7 (0.8) 8 (0.9) 7.6 (0.8) 21.2 (0.9) 6.0 (0.9) 
Men >102, Women >88 13.4 (0.6) 24.9 (1.1) 12.1 (0.9) 14.8 (1.3) 34.6 (0.6) 16.2 (0.9) 
BMI, waist circumference (cm) by sex 
Men 
Normal weight 9.7 (1.1) 14.2 (1) 8.3 (1.3) 7 (1.4) 20.1 (1.2) 8.8 (1.6) 
Over weight 13.7 (1) 26.8 (1.7) 11 (1.5) 15.6 (1.4) 28.1 (1.3) 10.0 (1.3) 
Obese  10.9 (0.9) 42.2 (1.7) 10.2 (1.1) 20.2 (1.9) 39.1 (1.2) 21.6 (1.6) 
�����FP 12 (1) 20.4 (1.1) 9.3 (0.9) 10.8 (1.2) 23.3 (1) 8.3 (1.2) 
>102 cm 11.3 (1) 40.3 (1.6) 11 (1.3) 20.4 (2) 37.2 (1) 19.6 (1.3) 
Women 
Normal weight 13.6 (1.1) 4.3 (0.7) 7.7 (0.9) 3.2 (0.7) 19.9 (1.3) 3.2 (0.7) 
Over weight 16.7 (1.4) 8.6 (0.9) 12.8 (1.5) 7 (1.1) 24.3 (1) 7.8 (0.8) 
Obese  12.3 (0.8) 18.9 (1.4) 11.9 (1.2) 14.2 (1.9) 39.2 (1) 19.2 (1.1) 
�����FP 12.1 (1.1) 3.6 (0.5) 5.9 (1.2) 2.4 (0.6) 17.8 (1.3) 2.6 (0.6) 
> 88 cm 14.9 (0.7) 14.9 (1) 12.8 (0.9) 11.2 (1.2) 32.9 (0.7) 13.9 (0.9) 

* Adults ages 18 years and older. 
@ Hypertension is defined as having measured systolic pressure of at least 140 millimeters of mercury or diastolic pressure of at least 90 millimeters of mercury 
and/or taking antihypertensive medication. Estimates are based on the average of up to 3 measurements. 
**Total diabetes is the sum of self-reported diabetes and undiagnosed diabetes. Diagnosed diabetes was obtained by self-report and excludes women who 
reported having diabetes only during pregnancy. Undiagnosed diabetes is defined as fasting plasma glucose (FPG) of at least 126 milligrams per deciliter or a 
hemoglobin A1c of at least 6.5% and no reported physician diagnosis. Respondents had fasted for at least 8 hours and less than 24 hours. The definition of 
undiagnosed diabetes was based on recommendations from the American Diabetes Association. For more information, see Standards of medical care in diabetes 
± 2010. Diabetes Care 2010: 33 (suppl 1): S11-S61. 

Notes continue on next page 

134 



 

 

 
 

     

  

 
 

 

  
 

  
 
 
 

 

 

 

 

 

 

 

 

 

 

Table D1.23, continued. 

¼BMI= 18.5-24.9 kg/m2 = normal weight; BMI =25-29.9 kg/m2 �RYHUZHLJKW��%0,� �����NJ�P2= obese. 
&Abdominal obesity, as measured by waist circumference (WC) is defined as WC >102 centimeters in men and >88 centimeters in women.
 
SE = standard error.  
 
Source:
 
ǧCenters for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total 
 
cholesterol and high density lipoprotein cholesterol (HDL), adult 20 years and over, NHANES 2009 -2012. 
 
�Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Low
 
density lipoprotein cholesterol (LDL-C) and triglycerides, adults 20 years and over, NHANES 2009-2012.
 
�Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). 
 
Prevalence of high blood pressure, adults 18 years and over, NHANES 2009-2012.

�Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total 
 
diabetes, in adults 20 years and over, NHANES 2009 -2012.
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Table D1.24. Lipid profile by weight status, among children and adolescents, NHANES 2009-2012. 


Total cholesterol*$ǧ 

� 200 mg/dL 
% (SE) 

HDL-C*ǧ 
< 40 mg/dL 

% (SE) 

LDL-C**# � 

� 130 mg/dL 
% (SE) 

Triglycerides**$ � 

� 130 mg/dL 
% (SE) 

Body mass index (BMI) 
Normal weight 6.9 (0.7) 7.7 (0.6) 6.7 (1.4) 6.5 (1.2) 
Overweight 7.1 (1.2) 16.4 (2.3) 8.0 (2.1) 11.4 (2.7) 
Obese 11.3 (1.5) 30.5 (2.5) 6.8 (1.8) 24.1 (3.4) 
Weight Status by Sex 
Boys 
Normal weight 5.1 (0.7) 8.8 (1.1) 6.1 (2.0)@ 5.8 (1.4) 
Overweight 5.3 (1.4) 16.9 (3.2) 7.5 (2.7)@ 11.6 (2.9) 
Obese 13.2 (2.4) 35.1 (2.6) 8.8 (3.0)@ 38.6 (5.0) 
Girls 
Normal weight 8.7 (1.1) 6.5 (0.9) 7.3 (1.8) 7.2 (2.5)@

 

Overweight 9.1 (2.1) 15.8 (2.6) + 11.2 (4.4)@

 

Obese 9.1 (1.9) 25.5 (3.7) 4.6 (1.8)@ 7.9 (2.4) 
 

Analyses based on age at exam and exclude pregnant adolescents. Estimates are weighted. 
 
$Cut-point criteria based on Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and Adolescents .
 
*Data for children and adolescents ages 6 to 19 years old.
 
**Data for children and adolescents ages 12 ± 19 years old. 
 
#LDL-C calculated using the Friedewald equation (which is valid when triglyceride <400 mg/dL).
 
Normal weight = 5th-84th percentile; overweight = 85th-94th SHUFHQWLOH��REHVH� ����th percentile.
 
@5HODWLYH�VWDQGDUG�HUURU��56(�����EXW��������� �56(�����

SE = standard error.  
 
Sources:
 
ǧCenters for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Total 
 
cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL-cholesterol among children and adolescents ages 6 ±19 years, NHANES 2009 -2012.
 
�Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition Examination survey (NHANES). Low
 
density lipoprotein cholesterol (LDL-C) and triglycerides among adolescents ages 12-19 years, NHANES 2009-2012. 
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Table D1.25. Prevalence of high and borderline high blood pressure (BP) in children, 2009-2012. 
 


High BP* Borderline high BP* 
% (SE) % (SE) 

Total 1.7 (0.2) 8.3 (0.7) 
Boys 1.7 (0.4) 12.0 (1.3) 
Girls 1.6 (0.2) 4.6 (0.8) 
Age group (years) 
8 - 12 1.8 (0.4) 3.8 (0.7) 
13 -17 1.5 (0.4) 12.4 (1.1) 
Race/Ethnicity** 
Non-Hispanic White 1.4 (0.3) 7.2 (0.9) 
Non-Hispanic Black 2.3 (0.5) 12.1 (1.3) 
Hispanic 1.8 (0.6)@ 8.5 (1.4) 
Body Mass Index (BMI) 
Normal weight 1.4 (0.3) 5.4 (0.8) 
Overweight + 10.9 (1.6) 
Obese 1.8 (0.6) @ 16.2 (1.8) 
Race/Ethnicity by Sex 
Boys 
Non-Hispanic White ** 10.8 (1.8) 
Non-Hispanic Black 2.5 (0.7) 16.6 (2.0) 
Hispanic + 12.7 (2.3) 

Girls 
Non-Hispanic White 1.8 (0.4) 3.8 (1.1) 
Non-Hispanic Black + 7.5 (1.6) 
Hispanic 1.5 (0.6) @ 4.3( 1.0) 
BMI by Sex 
Boys 
Normal weight 1.8 (0.5) 8.6 (1.5) 
Overweight + 16.3 (2.8) 
Obese 1.8 (0.6) @ 20.1 (3.0) 
Girls 
Normal weight 1.0 (0.3) 2.4 (0.8) @ 

Overweight + 5.3 (1.2) 

Obese + 12.0 (2.7) 

Analyses based on age at exam and exclude pregnant adolescents. Estimates are weighted.  SE = standard error.  

%RUGHUOLQH�KLJK�%3�ZDV�GHILQHG�DV�D�V\VWROLF�RU�GLDVWROLF�%3����WK�SHUFHQWLOH�EXW����WK�SHUFHQWLOH�RU�%3�OHYHOV���������PP� 
+J�DQG�KLJK�%3�ZDV�GHILQHG�DV�D�V\VWROLF�RU�GLDVWROLF�%3����WK�SHUFHQWLOH��'HILQLWLRQV�DUH�EDVHG�RQ�WKH�)RXUWK�5HSRUW�RQ�WKH�
Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescent. Estimates are based on the 
average of up to 3 measurements. 
**Race-+LVSDQLF�RULJLQ�FODVVLILHG�DV�³RWKHU´�QRW�VHSDUDWHO\�UHSRUWHG�EXW included in overall estimates 
Normal weight = 5th - 84th percentile; overweight = 85th - 94th percentile; obesH� ����th percentile 
@ 5HODWLYH�VWDQGDUG�HUURU��56(�����EXW��������� �56(�����
Source: Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition 
Examination survey (NHANES). Prevalence of high and borderline high blood pressure (BP), children and adolescents, Ages 
8-17 years, NHANES 2009-2012. 
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Table D1.26. Prevalence of overweight and obesity among youth ages 3 to 19* years with type 2 diabetes by race and ethnicity , compared 

to youth without type 2 diabetes, SEARCH population, 2001-2004. 


Children ages 3 to 19 years Children ages 3 to 19 without 
with type 2 diabetes who are: N % (95% CI) diabetes** who are: % (95% CI) 

Overweight ¼ Overweight ¼ 

All  50 10.4 (6.7,15.9) All  16.1 (15.0,17.3) 
 
Non-Hispanic White 10 13.9 (6.3,28) Non-Hispanic White 15.9 (14.3,17.6) 
 
Non-Hispanic Black 15 8 (3.2,18.4) Non-Hispanic Black 14.8 (13.4,16.3) 
 
Hispanic 11 10.5 (4.2,23.8) Hispanic 18.8 (16.6,21.1) 
 

Asian Pacific Islander 7 14.9 (4.4,39.9) Asian Pacific Islander -­
American Indian 7 3.3(0.4,20.7) American Indian -­

Obese & Obese & 

All  331 79.4 (72.8, 84.8) All  16.9 (15.8,18.0) 
Non-Hispanic White 64 68.8 (53.2,81) Non-Hispanic White 15.8 (14.3,17.5) 
Non-Hispanic Black 111 91.1 (81,96.1) Non-Hispanic Black 20.2 (18.6,21.9) 
Hispanic 63 75 (59.8,85.7) Hispanic 18.3 (16.2,20.5) 
Asian Pacific Islander 34 68.2 (43.4,85.7) Asian Pacific Islander -­
American Indian 59 88 (67.9, 96.2) American Indian -­

* 93% of children with type 2 diabetes are 12 -19 years old.  
** US population estimates based on non-diabetic youth (NHANES 2001±2004).  
-- NHANES does not contain large enough samples of Asian Pacific Islander I and American Indian to provide comparable estimates. 
¼�Overweight defined as BMI from the 85th to <95th percentile for age and sex 
&2EHVLW\�GHILQHG�DV�%0,�����WK�SHUFHQWLOH� 

Source: Liu LL, Lawrence JM, Davis C, Liese AD, Pettitt DJ, Pihoker C, et al. Prevalence of overweight and obesity in youth with diabetes in USA: the 
SEARCH for Diabetes in Youth study. Pediatr Diabetes. 2010;11(1):4-11. PMID: 19473302. http://www.ncbi.nlm.nih.gov/pubmed/19473302 
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Table D1.27. Prevalence of hypertension and diabetes in US adults, NHANES 2009-2012.
 
 

Hypertension*ǧ Total Diabetes**, � 

% (SE) % (SE) 
Overall 29.1 (0.6) 12.3 (0.8) 
Men 29.8 (0.8) 14.0 (1.0) 
Women 28.3 (0.6) 10.8 (0.8) 
Age group (years) 

&
18-39 7.1 (0.4) 3.2 (0.5) 
40-59  31.7 (1.2) 13.5 (1.3) 
���� 66.3 (1.3) 26 (1.7) 
Race/ethnicity@ 

Non-Hispanic white 27.9 (0.7) 9.8 (0.8) 
Non-Hispanic black 41.5 (0.9) 18.4 (1.3) 
Hispanic 26.1 (0.9) 19.3 (1.5) 
Race/ethnicity by sex 
Men 
Non-Hispanic White 28.9 (1.1) 11.7 (1.3) 
Non-Hispanic Black 40.5 (1.1) 18.8 (1.8) 
Hispanic 26.2 (1.4) 21 (1.7) 
Women 
Non-Hispanic White 26.8 (0.8) 8.0 (0.9) 
Non-Hispanic Black 42.1 (1.3) 18.1 (1.5) 
Hispanic 25.8 (0.8) 17.6 (1.9) 

Estimates are age-adjusted to the year 2000 standard population. Estimates are weighted. All pregnant women excluded 
from analysis. 
SE = standard error. 
*Hypertension is reported for adults ages 18 yrs and older and is defined as having measured systolic pressure of at least 
140 mm Hg or diastolic pressure of at least 90 mm Hg and/or taking antihypertensive medication. Estimates are based on 
the average of up to 3 measurements. 
**Total diabetes is reported for adults ages 20 years and older and is the sum of self-reported diabetes and undiagnosed 
diabetes. Diagnosed diabetes was obtained by self-report and excludes women who reported having diabetes only during 
pregnancy. Undiagnosed diabetes is defined as fasting plasma glucose (FPG) of at least 126 mg/dLor a hemoglobin A1c of 
at least 6.5% and no reported physician diagnosis. Respondents had fasted for at least 8 hours and less than 24 hours. 
& Data for diabetes is reported for adults ages 20 to 39 years old. 
@Participants with a race-+LVSDQLF�RULJLQ�FDWHJRUL]HG�DV�³RWKHU´�DUH�LQFOXGHG�LQ�RYHUDOO�HVWLPDWHV�EXW�DUH�QRW�VHSDUDWHO\� 
reported.  
Sources:  
ǧCenters for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition 
Examination survey (NHANES). Prevalence of high blood pressure, adults 18 years and over, NHANES 2009-2012.
�Centers for Disease Control and Prevention. National Center for Health Statistics. National Health and Nutrition 
Examination survey (NHANES). Total diabetes, in adults 20 years and over, NHANES 2009 -2012 
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Table D1.28. Prevalence of type 2 diabetes by sex, age, and race/ethnicity in children and adolescents.* 

Cases with type 2 diabetes Prevalence /1000 youth (95% CI) 
Overall (< 20 years old) 819 0.46 (0.43 - 0.49) 
Sex 

Boys 314 0.35 (0.31 - 0.39) 
Girls 505 0.58 (0.53 - 0.63) 
Age group (years) 
10 to 14 198 0.23 (0.2 - 0.26) 
15 to 19 621 0.68 (0.63 - 0.74) 
Race/ethnicity 
Non-Hispanic White 172 0.17 (0.15 -0.2) 
Non-Hispanic Black 209 1.06 (0.93 - 1.22) 
Hispanic 317 0.79 (0.7 - 0.88) 
Asian Pacific Islander 46 0.34 (0.26 - 0.46) 
American Indian 75 1.2 (0.96 - 1.51) 

*2009 SEARCH population
 
 
Source: Dabelea D, Mayer-Davis EJ, Saydah S, Imperatore G, Linder B, Divers J, et al. Prevalence of type 1 and type 2 
 

diabetes among children and adolescents from 2001 to 2009. JAMA. 2014;311(17):1778-86. PMID: 24794371. 
 

http://www.ncbi.nlm.nih.gov/pubmed/24794371. 
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Table D1.29. Cancer incidence and death rates per 100,000 persons by age category, sex and race and ethnicity, United States, 2007 -2011.* 
 

Incidence Death Incidence Death Incidence Death Incidence Lung Death Lung
 
Rates per 100,000 persons Breast Breast Prostate Prostate Colorectal Colorectal & Bronchus & Bronchus 
 
Age (years), men and women 
<20 0 0 0 0 0.1 0 0 0 
20-34 1.8 0.9 0 0 1.2 0.6 0.3 0.1 
35-44 9.3 5.2 0.6 0.1 4.1 2.5 1.3 1 
45-54 22 14.5 9.7 1.6 14.2 9.1 8.6 7.7 
55-64 25.5 21.7 32.7 8.5 21.2 17.6 21.4 19.7 
65-74 21.3 20.6 36.3 20.1 23.9 21.9 31.7 30.6 
75-84 14.4 21 16.8 36.8 23.2 27.3 27.9 29.8 
>84 5.7 16.2 3.8 33 12.1 20.9 8.9 11.2 
Men 
all race/ethnicities í í 147.8 22.3 50.6 19.1 72.2 61.6

 
Non-Hispanic White í í 139.9 20.6 49.6 18.5 72.4 61.4

 
Non-Hispanic Black í í 223.9 48.9 62.3 27.7 93 75.7

 
Hispanic í í 121.8 18.5 44.3 15.8 39.6 30.5

 
Asian/Pacific Islander í í 79.3 10 43.1 13.1 49.4 34.7

 
American Indian/Alaska Native í í 71.5 21.2 45.5 19.2 49.5 50

 
Women 
all race/ethnicities 124.6 22.2 í í 38.2 13.5 51.1 38.5

 

128

Non-Hispanic White 21.7 í í 37.3 13 53.8 39.8

 
122.8
Non-Hispanic Black 30.6 í í 47.5 18.5 51.2 36.5

 
91.3
Hispanic 14.5 í í 30.6 9.9 25.5 14

 
93.6
Asian/Pacific Isldander 11.3 í í 32 9.5 28.1 18.4

 
79.3
American Indian/Alaska Native 15.2 í í 35.5 15.6 34.7 32.4
 

*SEER 18, 2007 -2011; rates (numbers) of new cases and deaths are per 100,000 persons and are age-adjusted to the 2000 U.S. standard population. 
 
Data are from selected statewide and metropolitan area cancer registries that meet the data quality criteria for all invasive cancer sites combined. 
 
Rates cover approximately 95% of the U.S. population. 
 
Source: Data are from NCI factsheets, and can be found in the SEER Cancer Statistics Review (http://seer.cancer.gov/csr/1975_2011/)  
 
Breast cancer - http://seer.cancer.gov/statfacts/html/breast.html , Prostate Cancer - http://seer.cancer.gov/statfacts/html/prost.html , 
 
Colon and Rectum Cancer - http://seer.cancer.gov/statfacts/html/colorect.html , Lung and Bronchus Cancer - http://seer.cancer.gov/statfacts/html/lungb.html
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Table D1.30. Estimates of the prevalence and number of US adults ages 50 years and older with osteoporosis (OP) 
and low bone mass (LBM) at either the femoral neck or lumber spine (NHANES 2005-2010). 

OP Prevalence * OP N LBM Prevalence * % LBM, N 
% (SE) (95% CI)** (SE) (95% CI)** 

Both Sexes 
Overall (ages 50 above) 10.3 (0.37) 10.2 (9.4,10.9) 43.9 (0.72) 43.4 (42.0,44.8) 
Men 
Overall 4.3 (0.40) 2.0 (1.6,2.3) 35.2 (0.93) 16.1 (15.3,17.0) 
Age group (years) 
50-59 3.4 (0.68) 0.7 (0.4,1.0) 30.7 (1.78) 6.3 (5.6,7.0) 
60-69 3.3 (0.73) 0.5 (0.3,0.7) 32.9 (1.82) 4.6 (4.1,5.1) 
70-79 5.0 (0.78) 0.4 (0.3,0.5) 41.8 (2.51) 3.1 (2.7,3.5) 
80+ 10.9 (1.7) 0.4 (0.3,0.6) 53.1 (2.82) 2.2 (1.9,2.4) 
Race/ethnicity @ 

Non-Hispanic White 3.9 (0.39) 1.4 (1.1,1.6) 36.0 (1.13) 12.7 (11.9,13.4) 
Non-Hispanic Black 1.3* (0.40) 0.1 (0.02,0.1) 21.3 (1.75) 0.9 (0.8,1.1) 
Mexican American 5.9 (1.08) 0.1 (0.1,0.2) 38.3 (2.55) 0.9 (0.7,1.0) 
Women 
Overall  15.4 (0.63) 8.2 (7.5,8.9) 51.4 (0.93) 27.3 (26.3,28.3) 
Age group (years) 
50-59 6.8 (0.83) 1.5 (1.1,1.8) 49.3 (1.69) 10.6 (9.9,11.3) 
60-69 12.3 (1.44) 1.9 (1.5,2.3) 53.4 (1.54) 8.2 (7.7,8.6) 
70-79 25.7 (1.56) 2.4 (2.1,2.6) 51.8 (1.70) 4.7 (4.4,5.1) 
80+ 34.9 (2.44) 2.5 (2.2,2.8) 52.7 (3.07) 3.8 (3.3,4.2) 
Race/ethnicity c 

Non-Hispanic White 15.8 (0.81) 6.3 (5.7,7.0) 52.6 (1.17) 21.1 (20.2,22.0) 
Non-Hispanic Black 7.7 (1.10) 0.4 (0.3,0.5) 36.2 (2.03) 2.0 (1.8,2.2) 
Mexican American 20.4 (1.70) 0.5 (0.4,0.6) 47.8 (2.33) 1.1 (1.0,1.2) 

* Prevalence from NHANES 2005-2010 has been adjusted to the age, sex, and race/ethnic distribution of the US population 
 
at the time of the 2010 Census using the direct method. 
 
**Count expressed in millions; 95% CI=95% confidence limits 
 
@ Other races not shown separately 
 
OP = osteoporosis; LBM= low bone mass; NH= non-Hispanic. SE = standard error.  
 
Osteoporosis and low bone mass were defined using the WHO criteria. Specifically, osteoporosis was defined as a T-VFRUH���­

2.5 at either the femoral neck or the lumbar spine. Among those without osteoporosis, low bone mass was defined as those 
 
with T-scores between -1.0 and -2.5 at either skeletal site. The reference group for calculation of the scores at the femoral 
 
neck for both men and women, consisted of 20-29 non-Hispanic White females from NHANES III. As there is no 
 
internationally recommended reference group for the lumbar spine, the reference group for calculation of these scores at the 
 
lumbar spine consisted of 30-year old White females from the DXA manufacturer reference database. These reference groups 
 
were used to calculate T-scores for all race/ethnic groups and for both sexes. 
 
Source: Wright NC, Looker AC, Saag KG, Curtis JR, Delzell ES, Randall S, et al. The Recent Prevalence of Osteoporosis 
 
and Low Bone Mass in the United States Based on Bone Mineral Density at the Femoral Neck or Lumbar Spine. J Bone 
 
Miner Res. 2014. PMID: 24771492. http://www.ncbi.nlm.nih.gov/pubmed/24771492. 
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Table D1.31 Studies included in the analysis of Dietary Patterns Composition. Abbreviations listed below are 
used in Figures D1.56 to D1.60. 

Abbreviation Used in Study/Cohort Citation 
Figures 
Interventions²feeding 
studies 
DASH DASH ± Dietary Approaches to Stop Hypertension Trial Karanja et al. 

199997 

OMNI CHO OmniHeart trial ± Carbohydrate-rich pattern Swain et al. 2008101 

OMNI PRO OmniHeart trial ± higher-protein pattern 
OMNI UNSAT OmniHeart trial ± higher unsaturated fat pattern 

Interventions²other 
EVOO PREDIMED (Prevención con Dieta Mediterránea) trial. Extra 

Virgin Olive Oil group 
Estruch et al. 
201394 

NUTS PREDIMED Mixed nuts group 

Cohorts--Med Diet score 
SUN F (CVD endpoint) Seguimiento Universidad de Navarra (SUN) project. Female 

subjects 
Martínez-González 
et al. 201098 

SUN M (CVD endpoint) SUN project. Male subjects 

SUN (blood pressure 
endpoint) 

Seguimiento Universidad de Navarra (SUN) project Núñez-Córdoba et 
al.. 200999 

NHS (CVD endpoint) 1XUVHV¶�+HDOWK�6WXG\� Fung et al. 200995 

EPIC PAN F European Prospective Investigation into Cancer and Nutrition 
± Physical Activity, Nutrition, Alcohol, Cessation of 

Romaguera et al. 
2009100 

Smoking, Eating Out of Home and Obesity project (EPIC­
PANACEA) Female subjects 

EPIC PAN M EPIC-PANACEA Male subjects 

EPIC SPAIN EPIC Spanish Cohort Buckland et al. 
201193 

WAICAP Washington Heights-Inwood Columbia Aging Project 
(WHICAP) 

Scarmeas et al. 
2006112 

NHS (cognitive decline 
endpoint) 

1XUVHV¶�+HDOWK�6WXG\� Samieri et al. 
2013111 

Cohorts/Other scores 
WHI :RPHQ¶V�+HDOWK�,QLWLDWLYH� George et al. 

201496 

HPFS Health Professionals Follow-up Study McCullough et al. 
2000114 

EPIC POT F 
EPIC POT M 

EPIC Potsdam (Germany) study Female Subjects 
EPIC Potsdam (Germany) study Male Subjects 

von Ruesten et al. 
2010109 
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Table D1.31, continued. 
 


Abbreviation Used in 
Figures 

Study/Cohort Citation 

Factor/Cluster Analyses 
NHS (type 2 diabetes 
endpoint) 
NHS (CHD endpoint) 

1XUVHV¶�+HDOWK�6WXG\� 

1XUVHV¶�+HDOWK�6WXG\ 

Fung et al. 2004103 

Fung et al. 2001104 

HPFS Health Professionals Follow-up Study Hu et al. 2000105 

FOS 

WHITEHALL 

SHANGHAI 

SINGAPORE 

Framingham Offspring Study 

Whitehall II study 

6KDQJKDL�:RPHQ¶V�+HDOWK�6WXG\ 

Singapore Chinese Health Study 

McKeown et al. 
2002107 

Brunner et al. 
2008102 

Villegas et al. 
2010108 

Butler 2010110 
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Table D1.32. Composition of three USDA Food Patterns (Healthy U.S.-Style, Healthy Vegetarian, and Healthy 
Mediterranean-style) at the 2000 calorie level. Daily or weekly amounts from selected food groups, subgroups, 
and components. 

Food group  Healthy US-style Pattern Healthy Vegetarian Pattern Healthy Med-style Pattern 

Fruit 2 c per day 2 c per day 2 ½ c per day 

Vegetables  2 ½ c per day 2 ½ c per day 2 ½ c per day 

-Legumes  1 ½ c per wk 3 c per wk 1 ½ c per wk 

Whole Grains 3 oz eq per day 3 oz eq per day 3 oz eq per day 

Dairy 3 c per day 3 c per day 2 c per day 

Protein Foods  5 ½ oz eq per day 3 ½ oz eq per day 6 ½ oz eq per day 

--Meat  12 ½ oz eq/wk -­ 12 ½ oz eq/wk 

--Poultry 10 ½ oz eq/wk -­ 10 ½ oz eq/wk 

--Seafood  8 oz eq/wk -­ 15 oz eq/wk 

--Eggs 3 oz eq/wk 3 oz eq/wk 3 oz eq/wk 

--Nuts/seeds  4 oz eq/wk 7 oz eq/wk 4 oz eq/wk 

--Processed soy ½ oz eq/wk 8 oz eq/wk ½ oz eq/wk 

Oils 27 g per day 27 g per day 27 g per day 

Source: Food Pattern Modeling report: Appendix E-3.7 Developing Vegetarian and Mediterranean-style Food Patterns 
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Table D1.33. Nutrients in the three USDA Food Patterns (Healthy US Style, Healthy Vegetarian, and Healthy
 
 
Mediterranean-style) at the 2000 calorie level as a percent of the goal or limit for a 19 to 30 year old woman.
 
 

Nutrient Healthy US-style Healthy Vegetarian Healthy Med-style  
Pattern Pattern Pattern 

% goal/limit % goal/limit % goal/limit 

Protein -%RDA 198 155 194 

Protein -%calorie  18 14 18 

Fat-%calorie  33 34 32 

Saturated fat* - %calorie 8 8 8 

CHO-%RDA 197 211 199 

CHO-%calorie  51 55 52 

Fiber -% goal 109 126 112 

Calcium-%RDA 127 133 100 

Iron-%RDA 93 96 95 

Vitamin D-%RDA 46 37 42 

Potassium-%AI 71 70 71 

Sodium*-%UL 78 61 73 

*overconsumed nutrient
 
 

Source: Food Pattern Modeling report: Developing Vegetarian and Mediterranean-style Food Patterns (see Appendix E-3.7)
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Part D. Chapter 1:  Figures 

Figure Number Figure Title, by chapter section 
 


Nutrients of Concern 

Figure D1.1 Percent of population with usual intakes below EAR.
 
 

Figure D1.2 Percent of population with usual intakes above AI. 
 


Figure D1.3 Sodium:  Percent of age/sex groups with usual intakes above UL. 
 


Figure D1.4 Saturated fat: Percent of age/sex groups with usual intake above 10% of calories.
 
 

Figure D1.5 Supplement users: Percent with usual intakes from foods, beverages, and supplements 
 

greater than the UL. 

Figure D1.6 Caffeine: Mean and percentiles of usual intake by age/sex groups-adults. 

Figure D1.7 Caffeine: Mean and percentiles of usual intake by age/sex groups-children and 
adolescents. 

Figure D1.8 USDA Food Patterns:  Range of nutrients in patterns as a percent of the target levels 
for all age/gender groups. 

Food Groups 

Figure D1.9 Total Fruit:  Estimated percent of persons below, at, or above recommendation.
 
 

Figure D1.10 Whole fruit vs. fruit juice consumption by age/sex groups.
 
 

Figure D1.11 Total vegetables: Estimated percent of persons below, at, or above recommendation.
 
 

Figure D1.12 Dark green vegetables: Estimated percent of persons below, at, or above 
 

recommendation. 

Figure D1.13 Red and orange vegetables: Estimated percent of persons below, at, or above 
recommendation. 

Figure D1.14 Beans and peas: Estimated percent of persons below, at, or above recommendation. 

Figure D1.15 Starchy vegetables: Estimated percent of persons below, at, or above 
recommendation. 

Figure D1.16 Other vegetables: Estimated percent of persons below, at, or above recommendation. 

Figure D1.17 Whole grains: Estimated percent of persons below, at, or above recommendation. 

Figure D1.18 Refined grains: Estimated percent of persons below, at, or above limits. 

Figure D1.19 Dairy: Estimated percent of persons below, at, or above recommendation. 

Figure D1.20 Total protein foods: Estimated percent of persons below, at, or above 
recommendation. 

Figure D1.21 Meat, poultry, eggs: Estimated percent of persons below, at, or above 
recommendation. 

Figure D1.22 Seafood: Estimated percent of persons below, at, or above recommendation. 

Figure D1.23 Nuts, seeds, soy: Estimated percent of persons below, at, or above recommendation. 

Figure D1.24 Empty calories: Estimated percent of persons below, at, or above limits. 
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Figure D1.25 Fruit: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.26 Vegetables: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.27 Whole grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.28 Refined grains:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.29 Dairy:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.30 Protein foods: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

Figure D1.31 Added sugars intakes in 2001-04 and 2007-10 by age/sex groups in comparison to 
added sugars limits in the USDA Food Patterns. 

Food categories 

Figure D1.32 Percent of total intake from mixed dishes. 

Figure D1.33 Percent of energy intake from major food categories. 

Figure D1.34 Food sources saturated fat. 

Figure D1.35 Food sources of sodium. 

Figure D1.36 Food sources of added sugars. 

Figure D1.37 Caffeine sources by age group. 

Figure D1.38 Percent of beverage energy from various beverages, all persons 2+. 

Eating Behaviors 

Figure D1.39 Number of meals reported per day by age/sex group. 

Figure D1.40 Percent of total daily intake of nutrients of concern from each eating occasion, for the 
population 2+. 

Figure D1.41 Percent of calories by where food was obtained and consumed. 

Figure D1.42 Fruit group density: Cups per 1000 calories by where obtained and eating location, 
over time (2003-2004 to 2009-2010). 

Figure D1.43 Vegetable density: Cups per 1000 calories by where obtained, over time (2003-04 to 
2009-10). 

Figure D1.44 Vegetable subgroup density: Cups per 1000 calories by where obtained, over time 
(2003-2004 to 2009-2010). 

Figure D1.45 Dairy group density: Cups per 1000 calories by where obtained, over time (2003-2004 
to 2009-2010). 

Figure D1.46 Grain group density (whole and refined): Ounce eqs per 1000 calories by where 
obtained over time (2003-2004 to 2009-2010). 

Figure D1.47 Protein foods group density: Ounce eqs per 1000 calories by where obtained, over 
time (2001-2004 vs. 2007-2010). 

Figure D1.48 Sodium density:  Milligrams per 1000 calories by where obtained and eating location, 
over time (2003-2004 to 2009-2010). 

Figure D1.49 Saturated fat density: Percent of energy by where obtained, over time (2003-2004 to 
2009-2010). 
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Figure D1.50 Empty calorie density:  Calories per 1000 calories by where obtained, over time 
(2003-2004 to 2009-2010). 

Figure D1.51 Added sugars density:  Added sugars per 1000 calories by where obtained, over time 
(2003-2004 to 2009-2010). 

Figure D1.52 Solid fats density:  Solid fats per 1000 calories by where obtained, over time (2003­
2004 to 2009-2010). 

Health Conditions 

Figure D1.53 Trends in overweight and obesity, males and females ages 20+. 

Figure D1.54 Trends in overweight and obesity, boys and girls ages 2-19. 

Figure D1.55 Prevalence and number of CVD risk factors by weight category, among adults 18 
years and older, NHANES 2007-10. 

Dietary Patterns Composition 

Figure D1.56 Vegetable intake (g/1000 calories) in dietary patterns identified as having health 
benefits, in comparison to usual vegetable intake by adults, NHANES 2007-2010, and 
to amounts in the USDA Food Patterns for adults. 

Figure D1.57 Fruit intake (g/1000 calories) in dietary patterns identified as having health benefits, 
in comparison to usual fruit intake by adults, NHANES 2007-2010, and to amounts in 
the USDA Food Patterns for adults. 

Figure D1.58 Dairy intake (g/1000 calories) in dietary patterns identified as having health benefits, 
in comparison to usual dairy intake by adults, NHANES 2007-2010, and to amounts 
in the USDA Food Patterns for adults. 

Figure D1.59 Red and processed meat intake (g/1000 calories) in dietary patterns identified as 
having health benefits, in comparison to usual red and processed meat intake by 
adults, NHANES 2007-2010, and to amounts in the USDA Food Patterns for adults. 

Figure D1.60 Seafood intake (g/1000 calories) in dietary patterns identified as having health 
benefits, in comparison to usual seafood intake by adults, NHANES 2007-2010, and 
to amounts in the USDA Food Patterns for adults. 

Figure D1.61 Average HEI-2010 scores for Americans by age group, 2009-10. 

Figure D1.62 Intake from protein foods subgroups by self-identified vegetarians in comparison to 
non-vegetarian and amounts in USDA Food Pattern at 2000 calories. 
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Figure D1.1 Percent of population with usual intakes below EAR.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 

Figure D1.2 Percent of population with usual intakes above AI.
 
 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.3 Sodium:  Percent of age/sex groups with usual intakes above UL. 
 


Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.4 Saturated fat: Percent of age/sex groups with usual intake above 10% of calories.
 
 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.5 Supplement users: Percent with usual intakes from foods, beverages, and supplements greater than 
the UL. 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.6 Caffeine:  Mean and percentiles of usual intake by age/sex groups-adults.
 
 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.7 Caffeine: Mean and percentiles of usual intake by age/sex groups-children and adolescents.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 

Figure D1.8 USDA Food Patterns:  Range of nutrients in patterns as a percent of the target levels for all 
 
age/gender groups. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.9 Total Fruit:  Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.10 Whole fruit vs. fruit juice consumption by age/sex groups. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.11 Total vegetables: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.12 Dark green vegetables: Estimated percent of persons below, at, or above recommendation. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.13 Red and orange vegetables: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.14 Beans and peas: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.15 Starchy vegetables: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.16 Other vegetables: Estimated percent of persons below, at, or above recommendation. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.17 Whole grains: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.18 Refined grains: Estimated percent of persons below, at, or above limits 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.19 Dairy: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.20 Total protein foods: Estimated percent of persons below, at, or above recommendation. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.21 Meat, poultry, eggs: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.22 Seafood: Estimated percent of persons below, at, or above recommendation. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.23 Nuts, seeds, soy: Estimated percent of persons below, at, or above recommendation.
 
 

Source: What We Eat in America, NHANES 2007-2010 
 


Figure D1.24 Empty calories: Estimated percent of persons below, at, or above limits. 

Source: What We Eat in America, NHANES 2007-2010 
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Figure D1.25 Fruit:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 
 


*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
 

Figure D1.26 Vegetables: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
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Figure D1.27 Whole grains:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group.
 
 

*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
 

Figure D1.28 Refined grains: Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
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Figure D1.29 Dairy:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 
 


*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
 

Figure D1.30 Protein foods:  Mean intakes over time (2001-04 vs. 2007-10) by age/sex group. 

*p<.05 
Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
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Figure D1.31 Added sugars intakes in 2001-04 and 2007-10 by age/sex groups in comparison to added sugars 
limits in the USDA Food Patterns. 

Source: What We Eat in America, NHANES 2001-2004 and 2007-2010 
 

Figure D1.32 Percent of total intake from mixed dishes. 
 

Note:  Bars in lighter VKDGHV�DUH�IRU�VXEJURXSV�WKDW�³EUHDN�RXt´�WKH�IRRG�JURXS�DERYH�WKHP� 
Source: What We Eat in America, NHANES 2009-2010 
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Figure D1.33 Percent of energy intake from major food categories.
 
 

Source: What We Eat in America, NHANES 2009-2010 

Figure D1.34 Food sources saturated fat.
 
 

Source: What We Eat in America, NHANES 2009-2010 
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Figure D1.35 Food sources of sodium.
 
 

Source: What We Eat in America, NHANES 2009-2010 

Figure D1.36 Food sources of added sugars.
 
 

Source: What We Eat in America, NHANES 2009-2010 
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Figure D1.37 Caffeine sources by age group.
 
 

Source: What We Eat in America, NHANES 2009-2010 
 


Figure D1.38 Percent of beverage energy from various beverages, all persons 2+. 

Source: What We Eat in America, NHANES 2009-2010 
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Figure D1.39 Number of meals reported per day by age/sex group.
 
 

Source: What We Eat in America, NHANES 2009-2010 
 

Figure D1.40 Percent of total daily intake of nutrients of concern from each eating occasion, for the population 
2+. 

Source: What We Eat in America, NHANES 2009-2010 
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Figure D1.41 Percent of calories by where food was obtained and consumed.
 
 

Darker shading indicates food eaten at home; lighter shading indicates food eaten away from home.  
 

FS = Full Service (sit-down service); QS = Quick Service (fast food, food trucks, etc.) 
 

Source: What We Eat in America, NHANES2003-2004, 2005-2006, 2007-2008, 2009-2010 
 


Figure D1.42 Fruit group density: Cups per 1000 calories by where obtained, over time (2003-04 to 2009-10) in 
 

comparison to the 2010 HEI standard per 1000 calories for the fruit group.
 
 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
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Figure D1.43 Vegetable density: Cups per 1000 calories by where obtained, over time (2003-04 to 2009-10) in 
comparison to the 2010 HEI standard per 1000 calories for the vegetable group. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 

Figure D1.44 Vegetable subgroup density: Cups per 1000 calories by where obtained, over time (2003-04 to 
2009-10). 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
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Figure D1.45 Dairy group density: Cups per 1000 calories by where obtained, over time (2003-04 to 2009-10) in 
comparison to the 2010 HEI standard per 1000 calories for the dairy group. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 

Figure D1.46 Grain group density (whole and refined): Ounce eqs per 1000 calories by where obtained over time 
(2003-04 to 2009-10) in comparison to the 2010 HEI standard per 1000 calories for the whole grains and limit for 
refined grains. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 

2015 Dietary Guidelines Advisory Committee Report  173 



 

 
 

   
 
 

 
 

 

 
 

   

Figure D1.47 Protein foods group density: Ounce eqs per 1000 calories by where obtained, over time (2001-04 vs. 
2007-10) in comparison to the 2010 HEI standard per 1000 calories for the protein foods group. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.)
 
 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
 


Figure D1.48 Sodium density:  Milligrams per 1000 calories by where obtained, over time (2003-04 to 2009-10) 
in comparison to the 2010 HEI limit per 1000 calories for sodium. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.)
 
 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
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Figure D1.49 Saturated fat density: Percent of energy by where obtained, over time (2003-04 to 2009-10), in 
comparison to the 2010 DGA limit for saturated fat as a percent of energy. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.)
 
 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
 


Figure D1.50 Empty calorie density: Calories per 1000 calories by where obtained, over time (2003-04 to 2009­
10), in comparison to the HEI limit for empty calories per 1000 calories. 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.) 
 

Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
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Figure D1.51 Added sugars density: Added sugars per 1000 calories by where obtained, over time (2003-04 to 
2009-10). 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.)
 
 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
 


Figure D1.52 Solid fats density: Solid fats per 1000 calories by where obtained, over time (2003-04 to 2009-10). 

Restaurant = Full Service (sit-down service); Quick Serve = (fast food, food trucks, etc.)
 
 
Source: What We Eat in America, NHANES 2003-2004, 2005-2006, 2007-2008, 2009-2010 
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Figure D1.53 Trends in overweight and obesity, males and females ages 20+.
 
 

Source: Fryar, CD, Carroll, MD, Ogden, CL. Prevalence of Overweight and Obesity among Adults: United States, 
1960±1962 Through 2011±2012. CDC/NCHS, the Health E-Stat, September 2014 

Figure D1.54 Trends in overweight and obesity, boys and girls ages 2-19. 

Source: Fryar, CD, Carroll, MD, Ogden, CL. Prevalence of Overweight and Obesity among Children and 
Adolescents: United States, 1963±1965 Through 2011±2012. CDC/NCHS, the Health E-Stat, September 2014 
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Figure D1.55 Prevalence and number of CVD risk factors by weight category, among adults 18 years and older, 
NHANES 2007-10. 

Note:  Risk factors included: total diabetes, total hypertension, total dislipidemia, and self reported smoking 
Source: Saydah S, Bullard KM, Cheng Y, Ali MK, Gregg EW, Geiss L, et al. Trends in cardiovascular disease 
risk factors by obesity level in adults in the United States, NHANES 1999-2010. Obesity (Silver Spring). 2014. 

Figure D1.56 Vegetable intake (g/1000 calories) in dietary patterns identified as having health benefits, in 
comparison to usual vegetable intake by adults, NHANES 2007-2010, and to amounts in the USDA Food Patterns 
for adults. 

Source:  USDA Food Patterns, What We Eat in America, NHANES 2007-2010, articles identified in table D1.31. 
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Figure D1.57 Fruit intake (g/1000 calories) in dietary patterns identified as having health benefits, in comparison 
to usual fruit intake by adults, NHANES 2007-2010, and to amounts in the USDA Food Patterns for adults. 

Source:  USDA Food Patterns, What We Eat in America, NHANES 2007-2010, articles identified in table D1.31. 
 


Figure D1.58 Dairy intake (g/1000 calories) in dietary patterns identified as having health benefits, in comparison 
 

to usual dairy intake by adults, NHANES 2007-2010, and to amounts in the USDA Food Patterns for adults. 

Source:  USDA Food Patterns, What We Eat in America, NHANES 2007-2010, articles identified in table D1.31 
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Figure D1.59 Red and processed meat intake (g/1000 calories) in dietary patterns identified as having health 
benefits, in comparison to usual red and processed meat intake by adults, NHANES 2007-2010, and to amounts in 
the USDA Food Patterns for adults. 

Source:  USDA Food Patterns, What We Eat in America, NHANES 2007-2010, articles identified in table D1.31 

Figure D1.60 Seafood intake (g/1000 calories) in dietary patterns identified as having health benefits, in 
comparison to usual seafood intake by adults, NHANES 2007-2010, and to amounts in the USDA Food Patterns 
for adults. 

Source:  USDA Food Patterns, What We Eat in America, NHANES 2007-2010, articles identified in table D1.31 
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Figure D1.61 Average HEI-2010 component scores for Americans by age group, 2009-10, as a percent of the total possible score for each 
component. 

Source:  HEI scores for Americans by age group, What We Eat in America, NHANES 2009-10 Appendix E2.x. Average Healthy Eating Index­
2010 Scores for Americans ages 2 years and older 



 

 
 

  

 
  

Figure D1.62 Intake from protein foods subgroups by self-identified vegetarians in comparison to non-
 

vegetarian and to amounts in USDA Food Pattern at 2000 calories. 

Source: Juan, WY, S. Yamini, P. Britten (2014) Food intake patterns of self-identified vegetarians among 
the U.S. population, 2007-2010. 38th Nutrient Data Bank Conference, May 2014 
http://www.nutrientdataconf.org/PastConf/NDBC38/NNDC38_PosterAbstracts.pdf� 
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3DUW�'��&KDSWHU����'LHWDU\�3DWWHUQV��)RRGV�
DQG�1XWULHQWV��DQG�+HDOWK�2XWFRPHV 

,1752'8&7,21� 

A healthy diet is a pillar of well-being throughout the 
lifespan. It promotes the achievement of healthy 
pregnancy outcomes; supports normal growth, 
development and aging; helps maintain healthful body 
weight; reduces chronic disease risks; and promotes 
overall health and well-being. Previous Dietary 
Guidelines Advisory Committees focused on 
examining specific foods, nutrients, and dietary 
components and their relationships to health outcomes. 
In its review, however, the 2010 DGAC noted that it is 
often not possible to separate the effects of individual 
nutrients and foods, and that the totality of diet²the 
combinations and quantities in which foods and 
nutrients are consumed²may have synergistic and 
cumulative effects on health and disease.1 This 
approach has been adopted by others as well (e.g. 
American Heart Association, American College of 
Cardiology and the National Cancer Institute) and is 
being used by the 2015 DGAC. The 2010 Committee 
acknowledged the importance of dietary patterns and 
recommended additional research in this area. After the 
release of the 2010 Dietary Guidelines for Americans, 
the USDA Nutrition Evidence Library (NEL) 
completed a systematic review project examining the 
relationships between dietary patterns and several 
health outcomes, including cardiovascular disease 
(CVD), body weight and type 2 diabetes.2 Their report 
has been used by the 2015 DGAC. 

As also noted in the 2010 Dietary Guidelines for 
Americans, individuals can achieve a healthy diet in 
multiple ways and preferably with a wide variety of 
foods and beverages. Optimal nutrition can be attained 
with many dietary patterns and a single dietary pattern 
approach or prescription is unnecessary. Indeed, for 
long-term maintenance, a dietary pattern to support 
optimal nutrition and health should be based on the 
biological and medical needs as well as preferences of 
the individual. 

Dietary patterns are defined as the quantities, 
proportions, variety or combinations of different foods 
and beverages in diets, and the frequency with which 

they are habitually consumed. Americans consume 
many habitual dietary patterns, rather than a ³typical 
American pattern�´ which reflect their life experiences 
and wide-ranging personal, socio-cultural and other 
environmental influences. The nutritional quality of a 
dietary pattern can be determined by assessing the 
nutrient content of its constituent foods and beverages 
and comparing these characteristics to age- and sex-
specific nutrient requirements and standards for 
nutrient adequacy, as shown in Part D. Chapter 1: 
Food and Nutrient Intakes, and Health: Current 
Status and Trends for the USDA Food Patterns, 
including the ³Healthy U.S.-style Pattern,´ the 
³Healthy Mediterranean-style Pattern�´ and the 
³Healthy Vegetarian Pattern�´ Understanding the array 
of dietary patterns in a population and their nutrient 
quality allows a more complete characterization of 
individual eating behaviors and enables their 
examination in relationship with diverse health 
outcomes. For these reasons, the DGAC focused on 
considering the evidence for overall dietary patterns in 
addition to key foods and nutrients. A major goal was 
to describe the common characteristics of a healthy 
diet, which informed and is complementary to the 
quantitative description of dietary patterns provided in
Part D. Chapter 1: Food and Nutrient Intakes, and 
Health: Current Status and Trends. 

Dietary patterns can be characterized in three main 
ways, drawing from Dr. Susan Krebs-Smith¶V
presentation to the DGAC during the second public 
meeting (available at www.DietaryGuidelines.gov). 
The first is by the use of an a priori index that is based 
on a set of dietary recommendations for a healthy 
dietary pattern as a result of scientific consensus or 
proposed by investigators using an evidence-based 
approach. $Q�LQGLYLGXDO¶V�LQGH[�VFRUH�LV�GHULYHG�E\�
comparing and quantifying their adherence to the 
criterion food and/or nutrient component of the index 
and then summed up over all components. A 
SRSXODWLRQ¶V�DYHUDJH�PHDQ�DQG�individual component 
scores can be similarly determined. Examples of 
dietary quality scores include: the Healthy Eating Index 
(HEI)-2005 and 2010,3 the Alternate HEI (AHEI) and 
updated AHEI-2010,4 the Recommended Food Score 
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(RFS),5 the Dietary Approaches to Stop Hypertension 
(DASH) score,6 the Mediterranean Diet Score (MDS),7 

and the Alternate Mediterranean Diet Score (aMed).8 

The second method of dietary pattern assessment is 
through data-driven approaches, such as cluster 
DQDO\VLV��ZKLFK�DGGUHVVHV�WKH�TXHVWLRQ��³8VLQJ�WKH�VHOI­
reported food and beverage intake data are there groups 
of people with distinct (non-overlapping) dietary 
SDWWHUQV"´��DQG�IDFWRU�DQDO\VLV��ZKLFK�DGGUHVVHV�WKH� 
TXHVWLRQ��³:KLFK�FRPSRQHQWV�RI�WKH�GLHW�WUDFN�WRJHWKHU� 
to explain variations in food or beverage intake across 
diet patternV"´���7KHVH�GDWD-driven approaches are 
outcome-independent. That is, the relationships 
between the dietary patterns and intermediate or 
longer-term health outcomes are examined once the 
patterns themselves are defined. Other data-driven 
approaches are outcome-dependent, such as reduced 
rank regression (which addUHVVHV�WKH�TXHVWLRQ��³:KDW� 
combination of foods explains the most variation in one 
RU�PRUH�LQWHUPHGLDWH�KHDOWK�PDUNHUV"´��� 

The third method examines individuals¶�IRRG�DQG�
beverage intake preferences as they are commonly 
defined by foods included or eliminated. In cohort 
studies, this pattern is usually based upon qualitative 
self-reported behaviors rather than detailed 
questionnaires. Vegetarianism and its various forms 
(e.g., ovo-lacto vegetarianism) are examples of this 
type of dietary pattern.  

The dietary patterns approach has a number of major 
strengths. The method captures the relationship 
between the overall diet and its constituent foods, 
beverages and nutrients in relationship to outcomes of 
interest and quality, thereby overcoming the 
collinearity among single foods and nutrients. In so 
doing, it considers the inherent interactions between 
foods and nutrients in promoting health or increasing 
disease risk. Because foods are consumed in 
combinations, it is difficult, if not impossible, to 
determine their separate effects on health. 
Relationships or effects attributed to a particular food 
or nutrient may be accurate or reflect those of other 
dietary components acting in synergy. The dietary 
pattern approach has advanced nutrition research by 
capturing overall food consumption behaviors and its 
quality in relationship to health.  

Despite these considerable strengths, however, the 
approach has several limitations that are important to 

consider. First, the dietary assessment instruments used 
to define the dietary patterns (e.g., food frequency 
questionnaires [FFQ] and 24±hour or multi-day dietary 
recalls or records) are based upon self-report and may 
introduce levels of report bias that can attenuate diet-
health relationships. The FFQ has been evaluated as a 
valid and reliable measure of usual food and nutrient 
intake. However, the extent to which data from FFQs 
are valid measures of dietary patterns is not well 
established. Second, dietary patterns are not uniformly 
defined by investigators and vary substantially from 
one study to the next even though studies may use the 
same nomenclature. This may hamper cross-study 
comparisons and limits reproducibility. Third, scoring 
algorithms used to evaluate dietary pattern adherence 
may differ and affect the results of studies examining 
specific health outcomes. Fourth, data-driven methods 
may not derive comparable patterns in different 
populations because these patterns may be population 
specific. Lastly, dietary patterns do not assess the 
frequency of meal and snack consumption, specific 
combinations of foods consumed together, and aspects 
of food purchase and preparation, all of which may 
influence the overall dietary pattern. 

Another challenge to examining dietary patterns is that 
randomized dietary intervention studies have used 
different approaches for ensuring that subjects comply 
with the intervention diet when testing their 
relationships with health outcomes. For example, 
randomized controlled trials (RCTs), such as 
Prevencion con Dieta Mediterranean (PREDIMED), 
coached participants to follow a dietary pattern and 
provided them with key foods (e.g., olive oil or nuts) to 
facilitate adherence. In contrast, feeding studies 
(another form of intervention study), such as those 
conducted in the DASH and the Optimal Macronutrient 
Intake Trial for Heart Health (OmniHeart), provided all 
food to be consumed to each participant. These study 
designs across randomized trials and feeding studies 
provide strong evidence for the benefits and risks of 
particular dietary patterns because a prescribed 
intervention allows relatively precise definition of 
dietary exposures, and randomization helps ensure that 
any potential confounding variables are randomly 
distributed between study arms. However, some trials 
(i.e. DASH, OmniHeart) are necessarily restricted to 
WHVWLQJ�D�GLHWDU\�SDWWHUQ¶V�HIIHFW�RQ�DQ�LQWHUPHGLDWH�
outcome or a surrogate endpoint, such as blood lipids, 
because of the complexities involved in maintaining 
dietary compliance over long study duration. 
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Additionally, the feeding trials fail to represent what 
happens in real world situations. Thus, well-conducted 
observational cohort studies provide an important 
evidentiary complement to RCTs because they enable 
the study of hard endpoints for disease in addition to 
intermediate outcomes and often provide a wider range 
of exposures for study. 

Dietary patterns and their food and nutrient 
characteristics are at the core of the conceptual model 
that has guided the DGAC¶V�ZRUN��VHH�Part B. Chapter
2: 2015 DGAC Themes and Recommendations: 
Integrating the Evidence), and the relationship of 
dietary patterns to health outcomes is the centerpiece of 
this chapter. The Committee considered evidence about 
the relationship of diet with several health outcomes 
that are listed as major public health outcomes of 
concern in Part D. Chapter 1: Food and Nutrient 
Intakes, and Health: Current Status and Trends. 
Several of these outcomes²CVD, overweight and 
obesity, type 2 diabetes, congenital anomalies, and 
bone health²also were addressed by the 2010 DGAC. 
Others²cancers (lung, colon, prostate and breast) and 
neurological and psychological illness²while 
previously addressed, are considered here in more 
depth and represent an expanded list of health 
outcomes for which there is growing evidence of a diet-
disease relationship. The 2015 Committee was not able 
to consider the relationship between dietary patterns 
during the peri- and prenatal period and pregnancy 
outcomes (e.g., birth weight, preterm birth, pregnancy 
complications) or other cancer outcomes, such as total 
cancer mortality or gynecological, pancreatic, and 
gastric-esophageal cancers due to time limitations and 
limited work done in these areas involving dietary 
patterns. However, it is important to note that recently 
the NIH-AARP Diet and Health Study (n = 492,823) 
conducted in the United States demonstrated that high 
adherence on several indices (the HEI-2010, the AHEI­
2010, the aMED, and DASH) was associated with 
lower risk of overall CVD and cancer mortality.9 The 
authors concluded that this finding provides further 
credence for using the dietary pattern approach, 
indicating that multiple dietary indices reflecting core 
tenets of a healthy diet may lower the risk of mortality 
outcomes.9 

Over the course of the DGAC¶V�UHYLHZ��ZKHQ�VWURQJ�RU�
moderate evidence related to dietary patterns and a 
particular health outcome was available, the Committee 
focused its discussion on dietary patterns and, as 

possible, highlighted the most consistent common food 
and nutrient characteristics identified in the dietary 
patterns literature. When only limited or insufficient 
evidence related to dietary patterns and a particular 
health outcome was available (as in the case of 
congenital anomalies and neurological and 
psychological illnesses), the Committee summarized 
these findings and also provided a brief summary of 
existing evidence on specific foods and/or nutrients and 
selected health outcomes.  

In addition to its work on dietary patterns, the DGAC 
considered conducting an evidence review on the 
relationship between the role of the microbiome and 
various health outcomes. This novel area of research 
has generated considerable interest in the scientific 
community and the lay public. Investigators are 
examining the diversity of organisms (i.e., microbes) 
that inhabit different parts of the body such as the gut, 
mouth, skin, and vagina, and are attempting to 
understand how the microbial communities are 
influenced by diet, environment, host genetics and 
other microbes, as well as their association with various 
health outcomes. The DGAC conducted an exploratory 
search but did not find sufficient evidence to address 
this question in the 2015 report. However, the 
Committee considers the microbiome to be an 
emerging topic of potential importance to future 
DGACs. 

/,67�2)�48(67,216� 

'LHWDU\�3DWWHUQV�DQG�&DUGLRYDVFXODU�'LVHDVH� 

1.		 What is the relationship between dietary patterns 
and risk of cardiovascular disease? 

'LHWDU\�3DWWHUQV�DQG�%RG\�:HLJKW� 

2.		 What is the relationship between dietary patterns 
and measures of body weight or obesity? 

'LHWDU\�3DWWHUQV�DQG�7\SH���'LDEHWHV� 

3.		 What is the relationship between dietary patterns 
and risk of type 2 diabetes? 

� 
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'LHWDU\�3DWWHUQV�DQG�&DQFHU� 

4.		 What is the relationship between dietary patterns 
and risk of cancer? 

'LHWDU\�3DWWHUQV�DQG�&RQJHQLWDO�$QRPDOLHV� 

5.		 What is the relationship between dietary patterns 
and risk of congenital anomalies? 

'LHWDU\�3DWWHUQV�DQG�1HXURORJLFDO�DQG� 
3V\FKRORJLFDO�,OOQHVVHV� 

6.		 What is the relationship between dietary patterns 
and risk of neurological and psychological 
illnesses? 

'LHWDU\�3DWWHUQV�DQG�%RQH�+HDOWK� 

7.		 What is the relationship between dietary patterns 
and bone health? 

0(7+2'2/2*<� 

For the first time, the 2015 DGAC included a chapter 
focusing solely on the relationship between dietary 
patterns and health outcomes. Although the 2010 
DGAC considered some research on certain dietary 
patterns and specific health outcomes, notably body 
weight, they did not complete NEL systematic reviews 
on this research. The 2015 DGAC began by 
acknowledging a desire to continue and expand on the 
total diet approach initiated by the 2010 DGAC. They 
then identified outcomes of public health concern on 
which to focus their reviews. 

For the purposes of the 2015 DGAC, dietary patterns 
were defined as the quantities, proportions, variety or 
combinations of different foods and beverages in diets, 
and the frequency with which they are habitually 
consumed. Because the purpose of the Dietary 
Guidelines is to develop food-based recommendations 
to promote health and reduce risk of diet-related 
disease, one of the key aspects of the research that the 
DGAC considered was a description of the foods and 
beverages consumed by participants in the studies that 
the Committee reviewed. This was particularly 
important for the NEL systematic reviews, for which a 
description of foods and beverages was a key criterion 
for inclusion. Data on nutrients were not required for 

inclusion, but were considered when provided as part 
of the dietary pattern description. 

Self-reported food and beverage intake was typically 
assessed using a qualitative or semi-quantitative food 
intake questionnaire (i.e., FFQ). However, some studies 
used other methods, such as 24-hour recalls. When 
reviewing the evidence, the Committee attempted to 
adhere to the language used by the study authors in 
describing food groupings. There was variability across 
the food groupings, and this was particularly apparent 
in the meat group; for example, ³total meat´ may have 
been defined as ³meat, sausage, fish, and eggs,´ ³red 
meat, processed meat, and poultry,´ or various other 
combinations of meat. Similarly, ³vegetables´ seemed 
to most often exclude potatoes, but some studies 
included potatoes, yet they rarely provided information 
on how the potatoes were consumed (e.g., fried versus 
baked). When reported in the studies, the Committee 
considered these definitions in their review.  

Because of the variability in dietary patterns 
methodology and food groupings reported, the 
Committee focused on providing a qualitative 
description of healthy dietary patterns. Additionally, as 
most studies reported intake in relative terms (e.g., 
comparing the first and fifth quintiles or across tertiles), 
the Committee has presented its conclusions with 
relative terminology (e.g., ³higher´ and ³lower´ in a 
certain component). Quantitative information on 
dietary patterns is provided in Part D. Chapter 1: Food
and Nutrient Intakes, and Health: Current Status and 
Trends as part of the Dietary Patterns Composition 
section. 

A number of studies in the scientific literature describe 
diets based on macronutrient proportion or test only a 
specific food group or nutrient in the diet. For example, 
a low-carbohydrate diet fits this description and has 
been of public interest. The DGAC reviewed the body 
of evidence related to this type of diet as part of 
Question 2. Additionally, the Committee examined the 
results of exploratory searches on low-carbohydrate 
diets (defined as less than 45 percent of calories from 
carbohydrate) and all of the health outcomes 
considered in this chapter published since 2000. 
Overall, it appears that only limited evidence is 
available to address the relationship between low-
carbohydrate diets and health, particularly evidence 
derived from U.S.-based populations. The most 
evidence available focuses on low-carbohydrate diets 

2015 Dietary Guidelines Advisory Committee Report 186 



 

  

 
 

 

 

 
 

 

 
 

 

  
 

 

 

 

 
  

  
 

 

  
 

 

 

 
 

 

  

 
  

 
 

 

and body weight. The 2010 DGAC examined the 
relationship between macronutrient proportion and 
various body weight outcomes, concluding that: 

“1) There is strong and consistent evidence that 
when calorie intake is controlled, macronutrient 
proportion of the diet is not related to losing 
weight; 2) A moderate body of evidence provides 
no data to suggest that any one macronutrient is 
more effective than any other for avoiding weight 
re-gain in weight reduced persons; 3) A moderate 
body of evidence demonstrates that diets with less
than 45% of calories as carbohydrates are not
more successful for long-term weight loss (12 
months). There is also some evidence that they may 
be less safe. In shorter-term studies, low-calorie, 
high-protein diets may result in greater weight 
loss, but these differences are not sustained over 
time; and 4) A moderate amount of evidence 
demonstrates that intake of dietary patterns with 
less than 45% calories from carbohydrate or more 
than 35% calories from protein are not more 
effective than other diets for weight loss or weight 
maintenance, are difficult to maintain over the long
term, and may be less safe.” 

The published literature since that review does not 
provide sufficient evidence to change these 
conclusions. Thus, in summary, although studies that 
examine macronutrient proportion or that test only a 
specific food group or nutrient are important, they 
answer different questions related to diet and health 
than those proposed by the DGAC. In addition, these 
studies JHQHUDOO\�GLG�QRW�PHHW�WKH�'*$&¶V�GHILQLWLRQ�
of a dietary pattern study unless a full description of the 
dietary pattern consumed was provided and appropriate 
methods were used to adjust for the confounding of 
foods and nutrients. 

Questions 1, 2, and 3 were answered using existing 
reports, systematic reviews, and meta-analyses. All 
three of these questions were addressed in the NEL 
Dietary Patterns Systematic Review Project. This 
pURMHFW�ZDV�VXSSRUWHG�E\�86'$¶V�&HQWHU�IRU�1XWULWLRQ�
Policy and Promotion and was informed by a Technical 
Expert Collaborative of experts in dietary patterns 
research.2 Additionally, the DGAC reviewed reports 
from systematic reviews recently conducted by the 
National Heart, Lung, and Blood Institute (NHLBI) 
that included dietary patterns research. For Question 1, 
the DGAC used the NHLBI Lifestyle Interventions to 
Reduce Cardiovascular Risk: Systematic Evidence 

Review from the Lifestyle Work Group10 and the 
associated American Heart Association (AHA)/ 
American College of Cardiology (ACC) Guideline on 
Lifestyle Management to Reduce Cardiovascular 
Risk.11 For Question 2, the DGAC used the NHLBI 
Managing Overweight and Obesity in Adults: 
Systematic Evidence Review from the Obesity Expert 
Panel12 and the associated AHA/ACC/The Obesity 
Society (TOS) Guideline for the Management of
Overweight and Obesity in Adults.13 For all three 
questions, in an attempt to capture new research 
published since the searches for these systematic 
reviews were completed, the Committee considered 
existing systematic reviews and meta-analyses 
published in peer-reviewed journals since 2008. The 
existing systematic reviews and meta-analyses 
considered by the DGAC had to meet the general 
inclusion criteria of the DGAC, and were required to 
consider dietary patterns and the outcomes of interest. 
A description of the process the DGAC used to answer 
existing report questions is provided in Part C: 
Methodology. The DGAC followed this approach, 
including consideration of reference overlap, for all 
three questions. For more information on the existing 
reports, systematic reviews, and meta-analyses 
considered by the DGAC, the reader is encouraged to 
review the original sources, which are referenced 
within each evidence review. 

Questions 4, 5, 6, and 7 were answered using NEL 
systematic reviews. A description of the NEL process 
is provided in Part C: Methodology. All reviews were 
conducted in accordance with NEL methodology, and 
the DGAC made all substantive decisions required 
throughout the process to ensure that the most complete 
and relevant body of evidence was identified and 
evaluated to answer each question. All steps in the 
process were documented to ensure transparency and 
reproducibility. Specific information about individual 
systematic reviews can be found at www.NEL.gov, 
including the search strategy, inclusion and exclusion 
criteria, a complete list of included and excluded 
articles, and a detailed write-up describing the included 
studies and the body of evidence. A link for each 
question is provided following each evidence review. 

Introductory sections were written for Questions 4, 5, 
6, and 7 because the conclusion statements for these 
questions were graded limited or insufficient. The 
purpose of the introduction was to provide a brief 
description of the current evidence available related to 
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foods and nutrients and the health outcome of interest. 
However, this evidence was not considered in 
developing the dietary pattern conclusion statements. 
During the course of the dietary pattern reviews, the 
DGAC chose to highlight particular components of the 
diet, which are discussed further in Part D. Chapter 6:
Cross-Cutting Topics of Public Health Importance. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ULVN�RI�FDUGLRYDVFXODU� 
GLVHDVH"� 

Source of evidence: Existing reports 

&RQFOXVLRQ� 

The DGAC concurs with the conclusions of the NEL 
Dietary Patterns Systematic Review Project and 
AHA/ACC Guideline on Lifestyle Management to 
Reduce Cardiovascular Risk that strong and consistent 
evidence demonstrates that dietary patterns associated 
with decreased risk of CVD are characterized by higher 
consumption of vegetables, fruits, whole grains, low-fat 
dairy, and seafood, and lower consumption of red and 
processed meat, and lower intakes of refined grains, 
and sugar-sweetened foods and beverages relative to 
less healthy patterns. Regular consumption of nuts and 
legumes and moderate consumption of alcohol also are 
shown to be components of a beneficial dietary pattern 
in most studies. Randomized dietary intervention 
studies have demonstrated that healthy dietary patterns 
exert clinically meaningful impact on cardiovascular 
risk factors, including blood lipids and blood pressure. 
Additionally, research that includes specific nutrients in 
their description of dietary patterns indicate that 
patterns that are lower in saturated fat, cholesterol, and 
sodium and richer in fiber, potassium, and unsaturated 
fats are beneficial for reducing cardiovascular disease 
risk. DGAC Grade: Strong 

,PSOLFDWLRQV� 

Individuals are encouraged to consume dietary patterns 
that emphasize vegetables, fruits, whole grains, 
legumes, and nuts; include low-fat dairy products and 
seafood; limit sodium, saturated fat, refined grains, and 
sugar-sweetened foods and beverages; and are lower in 
red and processed meats. Multiple dietary patterns can 
achieve these food and nutrient patterns and are 
beneficial for cardiovascular health, and they should be 
WDLORUHG�WR�LQGLYLGXDOV¶�ELRORJLFDO�QHHGV�DQG�cultural as 

well as individual food preferences. The Committee 
recommends the development and implementation of 
programs and services at the individual and population 
levels that facilitate the improvement in eating 
behaviors consistent with the above dietary patterns. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The DGAC examined research compiled in the NEL 
Dietary Patterns Systematic Review Project, which 
included 55 articles summarizing evidence from 52 
prospective cohort studies and 7 RCTs, and the 2013 
AHA/ACC Lifestyle Guideline and associated NHLBI 
Lifestyle Report, which included primarily RCTs. The 
Committee drew additional evidence and effect size 
estimates from six published systematic reviews/meta­
analyses published since 2008 that included one or 
more studies not covered in the NEL or NHLBI 
Lifestyle reports.14-19 In total, 142 articles were 
considered in these reports, of which 35 were included 
in two or more reviews. Little evidence on the 
contribution of dietary patterns to CVD risk factors in 
the pediatric populations was available, and that which 
was published was not systematically reviewed. 

Most evidence examining hard disease endpoints 
comes from large, prospective cohort studies in adults 
using a priori scores to rank individuals with respect to 
adherence to dietary patterns of interest. Though the 
observational design allows the necessary duration of 
follow-up to observe CVD endpoints, comparison 
across studies was difficult because of different 
methods for deriving scores and different versions of 
scores measuring adherence to the same dietary pattern. 
In the Mediterranean dietary indices and the AHEI 
VFRUHV��PRGHUDWH�DOFRKRO�ZDV�LQFOXGHG�DV�D�³SRVLWLYH´� 
component (associated with potential benefits). Red 
DQG�SURFHVVHG�PHDWV�ZHUH�³QHJDWLYH´��SRWHQWLDOO\� 
detrimental) components in the Mediterranean scores, 
AHEI scores, and DASH. Certain scores also included 
sugars or sugar-sweetened beverages as negative 
components. Poultry was considered as a positive 
component in the original AHEI. Total high-fat dairy 
was a negative component in the Mediterranean diet 
scores, but dairy was a positive component when 
meeting recommended intakes for the HEI-2005, and 
low-fat dairy was positive in the DASH scores. As the 
NEL systematic review points out, several components 
of scores associated with decreased CVD risk recurred 
in multiple dietary patterns and were associated as part 
of scores and as individual components with reduced 
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CVD risk. These included consumption of vegetables, 
fruits, whole grains, nuts, legumes, unsaturated fats, 
and fish. 

The NHLBI Lifestyle Report summarized the evidence 
from two RCTs of the DASH dietary pattern and two 
trials testing DASH variations with differing levels of 
sodium or macronutrients. The diet provided to 
participants in standard DASH intervention trials was 
high in vegetables, fruits, low-fat dairy products, whole 
grains, poultry, fish, and nuts. It also was low in 
sweets, sugar-sweetened beverages, and reduced in (or 
lower in) red and processed meats. The DASH dietary 
pattern is high in fiber and potassium and low in 
sodium, saturated fat, total fat, and cholesterol. It is rich 
in potassium, magnesium, and calcium, as well as 
protein and fiber. 

In contrast to the patterns described above, vegetarian 
diets were defined by what they excluded. Variations 
included: vegan (no meat, fish, eggs, or dairy); lacto­
ovo vegetarian (includes eggs and dairy, but no fish or 
meat), and pesco-vegetarian (includes fish, but no 
meat) diets. The content of these diets varied 
substantially, though they tended to emphasize plant 
based foods, especially fruits and vegetables, legumes, 
nuts, and whole grains. 

Dietary Patterns and Blood Pressure (BP) 
DASH or DASH-style Dietary Patterns 
The NEL systematic review and AHA/ACC Lifestyle 
Guideline conclude that strong and consistent evidence 
from RCTs demonstrates that compared to a dietary 
pattern that is relatively high in saturated fat and 
sodium and low in vegetables and fruits, the DASH-
style dietary pattern reduced BP by approximately 6/3 
millimeters of mercury (systolic blood 
pressure/diastolic blood pressure) across subgroups 
defined by sex, race, age, and hypertension status. The 
DASH trial provided all food to participants for 8 
weeks. Fat intake was relatively low at 26 percent of 
energy (7 percent each monounsaturated and saturated, 
10 percent polyunsaturated), compared to 36 percent in 
the control group. Carbohydrates accounted for 57 
percent of energy and protein for 18 percent. Sodium 
was stable at 3000 milligrams per day and body weight 
did not change. Variations of the DASH diet also 
lowered blood pressure: in the OmniHeart Trial, 
compared to the standard DASH, replacing 10 percent 
of calories from carbohydrate with either the same 
calorie content of protein or with unsaturated fat (8 

percent MUFA and 2 percent PUFA) lowered systolic 
BP by 1 mmHg. Among adults with BP 140–159/90– 
95 millimeters of mercury, these substitutions lowered 
systolic BP by 3 millimeters of mercury relative to 
standard DASH.2, 11 

Observational evidence summarized in the NEL report 
included one cohort showing that increased DASH 
score was associated with small, but decreased levels of 
systolic and diastolic BP over time;20 two others 
cohorts showed no relationship between DASH scores 
and risk of hypertension.21, 22 

Mediterranean-style Dietary Patterns 
Several RCTs provide limited to moderate evidence on 
the benefits of a Mediterranean-style diet for reducing 
blood pressure. The AHA/ACC Lifestyle Guideline 
conclude that consuming a Mediterranean dietary 
pattern instead of a lower-fat dietary pattern had 
beneficial effects on blood pressure. The NHLBI 
Lifestyle Report reviewed two RCTs of free-living 
middle-aged or older adults (with type 2 diabetes or at 
least three CVD risk factors) in which a Mediterranean 
diet intervention reduced BP by 6–7/2–3 millimeters of 
mercury.23, 24 The report also reviewed one 
observational study of healthy younger adults. Higher 
adherence to a Mediterranean-style diet, as measured 
through a Mediterranean score, was associated with a 
decrease in BP of 2–3/1–2 millimeters of mercury.25 

Vegetarian Dietary Patterns 
Evidence for the blood pressure benefits of vegetarian 
dietary patterns is more limited, but moderately 
consistent trends appear to exist. A recent meta-
analysis of seven RCTs found that consumption of 
vegetarian diets was associated with a reduction in 
mean systolic blood pressure (-4.8 mm Hg; 95% CI = ­
6.6 to -3.1; p<0.01) and diastolic blood pressure (-2.2 
mm Hg; 95% CI = -3.5 to -1.0) compared with the 
consumption of omnivorous diets.19 The AHA/ACC 
Lifestyle Guideline did not find sufficient evidence to 
examine vegetarian dietary patterns, and the NEL 
systematic review summarized only three studies 
comparing blood pressure outcomes in lacto-ovo 
vegetarian diets versus non-vegetarian diets in which 
meat and fish were consumed. Of the two studies, one 
was a large prospective cohort that found no 
association with blood pressure,26 and the other was a 
RCT among individuals with hypertension that 
demonstrated a decrease in systolic blood pressure, but 
not diastolic blood pressure.27 The more recent EPIC­
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Oxford cohort found lower systolic, but not diastolic 
blood pressure compared to the findings of Crowe, 
2013.28 

2WKHU�'LHWDU\�3DWWHUQV� 
As summarized in the NEL systematic 
review, adherence to the 2005 Dietary Guidelines for 
Americans was related to lower blood pressure in one 
study of healthy young adults. Zamora et al reported 
20-year findings from the CARDIA study 
including 4,381 Black and White young 
adults.29 Participants in the highest (vs. lowest) quartile 
of adherence to the 2005 Dietary Guidelines 
had significantly less increase in systolic and diastolic 
blood pressure over time. 

'LHWDU\�3DWWHUQV�DQG�%ORRG�/LSLGV��
'$6+�RU�'$6+�VW\OH�'LHWDU\�3DWWHUQV� 
As reviewed in the NHLBI Lifestyle Report, RCTs of 
the DASH diet show favorable effects on low-density 
lipoprotein cholesterol (LDL-C) and total cholesterol: 
high-density lipoprotein cholesterol (total-C: HDL-C) 
ratio, and no effect on triglycerides (TG). Benefits were 
seen with a variety of different macronutrient 
compositions, though they were enhanced when some 
carbohydrates in the standard DASH pattern were 
replaced with protein or unsaturated fat. In the standard 
DASH, when food was supplied to adults with a total 
cholesterol level of less than 260 milligrams per 
deciliter and LDL-C less than 160 milligrams per 
deciliter, and body weight was kept stable, the DASH 
dietary pattern compared to the control diet decreased 
LDL-C by 11 milligrams per deciliter, decreased HDL­
C by 4 milligrams per deciliter, and had no effect on 
TG. The OmniHeart trial tested the DASH dietary 
pattern with different macronutrient compositions 
among adults with average baseline LDL-C 130 
milligrams per deciliter, HDL-C 50 milligrams per 
deciliter, and TG 100 milligrams per deciliter. 
Modifying the DASH diet by replacing 10 percent of 
calories from carbohydrate with 10 percent of calories 
from protein decreased LDL-C by 3 milligrams per 
deciliter, decreased HDL-C by 1 milligram per 
deciliter, and decreased TG by 16 milligrams per 
deciliter compared to the DASH dietary pattern. 
Replacing 10 percent of calories from carbohydrate 
with 10 percent of calories from unsaturated fat (8 
percent MUFA and 2 percent PUFA) decreased LDL-C 
similarly, increased HDL-C by 1 milligram per 
deciliter, and decreased TG by 10 milligrams per 
deciliter compared to the DASH dietary pattern.11 

0HGLWHUUDQHDQ�VW\OH�'LHWDU\�3DWWHUQV� 
As with blood pressure, few trials have evaluated the 
effects of Mediterranean dietary patterns on blood 
lipids. According to the AHA/ACC Lifestyle 
Guideline, consuming a Mediterranean-style diet 
(compared to minimal or no dietary advice) resulted in 
no consistent effect on plasma LDL-C, HDL-C, and 
TG. In part, this was due to substantial differences in 
dietary interventions conducted among free-living 
middle aged or older adults with or without CVD or at 
high risk for CVD.11 In the PREDIMED trial (reviewed 
in both the NHLBI Lifestyle and NEL reports), both 
treatment groups (Mediterranean diet +olive oil or 
+nuts) had favorable changes in HDL-C, total-C: HDL­
C ratio and TG when compared to the control group, 
which received minimal advice to follow a lower-fat 
diet.23 One of the prospective cohort studies reviewed 
by the NEL showed each one-point increase in alternate 
Mediterranean diet score assessed in adolescence and 
early adulthood was associated with a -6.19 (-10.44, ­
1.55) milligrams per deciliter lower total cholesterol in 
adulthood but no significant effects on HDL-C.30 Of 
other observational cohorts reviewed, one reported 
adherence to a Mediterranean diet was associated with 
favorable changes in HDL-C and TG,31 and another 
found no associations between adherence to a 
Mediterranean diet and blood lipids.32 

9HJHWDULDQ�'LHWDU\�3DWWHUQV� 
The NEL systematic review included three articles on 
vegetarian patterns that measured blood pressure or 
blood lipids.26-28 One study reported decreased total-C26 

and another reported decreased non-HDL-C in 
vegetarian versus non-vegetarian participants.28 

2WKHU�'LHWDU\�3DWWHUQV� 
Of note, adherence to the 2005 Dietary Guidelines for 
Americans also was related to higher HDL-C levels in a 
cohort of Black and White young adults.29 

'LHWDU\�3DWWHUQV�DQG�&DUGLRYDVFXODU�'LVHDVH� 
2XWFRPHV� 
The NHLBI Lifestyle review did not include any trials 
examining the evidence of particular dietary patterns 
with CVD outcomes. Overall, the NEL systematic 
review found that individuals whose diets mirrored the 
dietary patterns of interest (typically compared with 
diets having lower scores) was associated with lower 
CVD incidence and mortality in 14 out of 17 studies. 
The studies were predominantly observational, but 
included some trial evidence, and they typically 
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assessed dietary intakes through self-report. The effect 
sizes varied substantially, with the decrease in risk of 
CVD ranging from 22 to 59 percent for increased 
adherence to various Mediterranean-style dietary 
patterns and from 20 to 44 percent for increased 
adherence to a U.S. Dietary Guidelines-related pattern 
(e.g., HEI or AHEI and updates). The majority of 
studies that assessed coronary heart disease (CHD) 
incidence or mortality also reported a favorable 
association between adherence to a healthy dietary 
pattern and CHD risk. The lower CHD risk ranged 
from 29 to 61 percent for greater adherence to 
Mediterranean-style dietary patterns, from 24 to 31 
percent for greater adherence to a U.S. Dietary 
Guidelines-related pattern, and from 14 to 27 percent 
for greater adherence to DASH. Similarly, the majority 
of studies assessing stroke incidence or mortality 
reported favorable associations, with the lower stroke 
risk ranging from 13 to 53 percent for greater 
adherence to a Mediterranean-style dietary pattern and 
from 14 to 60 percent for greater adherence to a U.S. 
Dietary Guidelines-related pattern.2 

0HGLWHUUDQHDQ�VW\OH�'LHWDU\�3DWWHUQV� 
To gather additional information on dietary patterns 
and CVD outcomes, the DGAC consulted two meta­
analyses,15, 18 which included many of the same 
observational prospective cohort studies as one another 
and as the NEL systematic review. These meta-
analyses each reported summary estimates across 
studies as a 10 percent reduction in risk of CVD (fatal 
or nonfatal clinical CVD event) per 2-increment 
increase in adherence to the Mediterranean-style diet. 
The NEL report also included results from the largest 
Mediterranean diet trial, PREDIMED, which found that 
a Mediterranean diet (plus extra virgin olive oil or nuts) 
had favorable effects in high-risk participants compared 
to the control group who were advised to reduce dietary 
fat intake. An approximately 30 percent decrease in 
risk of major CVD events (a composite endpoint 
including myocardial infarction, stroke, and deaths) 
was observed and the trial was stopped early for 
meeting benefit requirements.2, 33 According to food 
questionnaires measuring adherence to the assigned 
diet by the end of follow-up, the intervention groups 
had significantly increased consumption of fish and 
legumes and non-significant reductions in refined 
grains and red meat from baseline, in addition to 
increased intake of supplemental foods (olive oil or 
nuts depending on the intervention arm), compared to 
the control group. 

'$6+�VW\OH�'LHWDU\�3DWWHUQV� 
A recent meta-analysis17 of six prospective cohort 
studies with CVD endpoints assessed DASH-style diet 
through the Fung et al. method,6 which assigns points 
based on population-specific quintiles of eight DASH 
dietary pattern components: fruits, vegetables, nuts and 
legumes, whole grains, low-fat dairy, sodium, red and 
processed meats, and sweetened beverages. This meta-
analysis reported that greater adherence to a DASH-
style diet significantly reduced CVD (Relative Risk 
[RR]=0.80; 95% CI = 0.74 to 0.86), CHD (RR=0.79; 
95% CI = 0.71 to 0.88), and stroke (RR=0.81; 95% CI 
= 0.72 to 0.92). All of the studies meta-analyzed also 
ZHUH�LQFOXGHG�WKH�1(/¶V�HYLGHQFH�EDVH�IRU�WKH�'$6+­
style diet. 

9HJHWDULDQ�'LHWDU\�3DWWHUQV� 
The NEL systematic review concluded that evidence 
for the effects of vegetarian dietary patterns on 
cardiovascular endpoints is limited. Most of this 
evidence was from prospective cohort studies; four out 
of six studies suggested that a vegetarian dietary 
pattern was associated with reduced incidence of 
ischemic heart disease (IHD) or CVD mortality. A 
meta-analysis of seven studies related to CVD 
mortality and vegetarian diet14 (including two of the 
studies from the NEL systematic review) found that 
mortality from IHD was significantly lower in 
vegetarians than in non-vegetarians (RR=0.71; 95% CI 
= 0.56 to 0.87). The authors estimated a 16 percent 
lower mortality from circulatory diseases (RR=0.84; 
95% CI = 0.54 to 1.14) and a 12 percent lower 
mortality from cerebrovascular disease (RR=0.88; 95% 
CI = 0.70 to 1.06) in vegetarians compared to non-
vegetarians. 

For additional details on this body of evidence, visit: 
References 2, 10, 11, 14-19 and Appendix E-2.26 

',(7$5<�3$77(516�$1'�%2'<�:(,*+7� 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�PHDVXUHV�RI�ERG\�ZHLJKW� 
RU�REHVLW\"� 

Source of evidence: Existing reports  

� 
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&RQFOXVLRQ� 

The DGAC concurs with the 2013 AHA/ACC/TOS
Guideline for the Management of Overweight and 
Obesity that strong evidence demonstrates that, 
preferably as part of a comprehensive lifestyle 
intervention carried out by multidisciplinary teams of 
professionals or nutrition professionals, overweight and 
obese adults can achieve weight loss through a variety 
of dietary patterns that achieve an energy deficit. 
Clinically meaningful weight losses that were achieved 
ranged from 4 to 12 kilogram at 6-month follow-up. 
Thereafter, slow weight regain is observed, with total 
weight loss at 1 year of 4 to 10 kilograms and at 2 years 
of 3 to 4 kilograms. However, some dietary patterns 
may be more beneficial in the long-term for 
cardiometabolic health. DGAC Grade: Strong 

The DGAC concurs with the NEL Dietary Patterns 
Systematic Review Project that moderate evidence 
indicates dietary patterns that are higher in vegetables, 
fruits, and whole grains; include seafood and legumes; 
are moderate in dairy products (particularly low and 
non-fat dairy) and alcohol; lower in meats (including 
red and processed meats), and low in sugar-sweetened 
foods and beverages, and refined grains are associated 
with favorable outcomes related to healthy body weight 
(including lower BMI, waist circumference, or percent 
body fat) or risk of obesity. Components of the dietary 
patterns associated with these favorable outcomes 
include higher intakes of unsaturated fats and lower 
intakes of saturated fats, cholesterol, and sodium. 
DGAC Grade: Moderate 

Evidence for children is limited, but studies in the NEL 
Dietary Patterns Systematic Review Project and the 
systematic review focused on this age group by 
Ambrosini et al.34 suggest that dietary patterns in 
childhood or adolescence that are higher in energy-
dense and low-fiber foods, such as sweets, refined 
grains, and processed meats, as well as sugar-
sweetened beverages, whole milk, fried potatoes, 
certain fats and oils, and fast foods increase the risk of 
obesity later on in life. DGAC Grade: Limited 

,PSOLFDWLRQV� 

To achieve and maintain a healthy body weight, 
individuals are encouraged to consume dietary patterns 
that are higher in vegetables, fruits, and whole grains; 
include seafood and legumes; are moderate in dairy 

products (with an emphasis on low- and non-fat dairy), 
and alcohol; and are lower in meats (including red and 
processed meats), sugar-sweetened foods and 
beverages, and refined grains. During childhood and 
adolescence, a time period critical for the prevention of 
obesity later in life, a dietary pattern similar to that 
associated with a healthy weight in adults should be 
encouraged.  

Among overweight and obese individuals, an energy 
deficit is necessary to achieve weight loss. This can be 
achieved through a variety of evidence-based dietary 
patterns and should be approached with comprehensive 
lifestyle interventions. While it is possible to lose 
weight on his/her own, it is more successful if 
conducted by trained professionals or by referral to a 
nutrition professional for individual or group 
counseling (for more details refer to AHA/ACC/TOS 
Guideline for the Management of Overweight and 
Obesity13 algorithm Box 11B). Strategies should be 
EDVHG�RQ�WKH�LQGLYLGXDO¶V�SUHIHUHQFHV�DQG�KHDOWK�VWDWXV�
and consider the socio-cultural influences on lifestyle 
behaviors that relate to long-term behavior 
maintenance. These approaches are best complemented 
with population-based approaches, as mentioned in 
Part D. Chapter 3: Individual Diet and Physical 
Activity Behavior Change and Part D. Chapter 4:
Food Environment and Settings, which will allow all 
factors influencing lifestyle behaviors to be addressed 
as defined in the socio-ecological model.  

5HYLHZ�RI�WKH�(YLGHQFH� 

The DGAC considered evidence from the 2013 
AHA/ACC/TOS Obesity Guideline and associated 
NHLBI Obesity Report, which included only 
randomized trials,12, 13 the NEL Dietary Patterns 
Systematic Review Project,2 which included 38 studies 
predominately of prospective cohort design and a few 
randomized trials, and two systematic reviews/meta­
analyses published since 2008.34, 35 In total, 81 articles 
were considered in these reports. The published 
reviews provided evidence for the pediatric population 
(included 7 studies of which 2 overlapped with those in 
the NEL review) and further evidence for dietary 
patterns related to the Mediterranean-style diet and its 
effect on obesity and weight loss (all randomized trials 
of which 1 out of the 16 studies overlapped with the 
NEL review). 
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'LHWDU\�3DWWHUQV�DQG�WKH�0DQDJHPHQW�RI� 
2YHUZHLJKW�DQG�2EHVLW\� 
In the NHLBI Obesity Report, the 12 randomized 
studies described in summary Table 3.1 of the report all 
confirm that to lose weight, a variety of dietary pattern 
approaches can be used and a reduction in caloric 
intake is required. The energy balance equation 
requires that for weight loss, one must consume less 
energy than one expends or expend more energy than 
one consumes. The report states that any one of the 
following methods can be used to reduce food and 
calorie intake: prescription of 1200 to 1500 kilocalories 
per day for women and 1500 to 1800 kilocalories per 
day for men (kcal levels are usually adjusted for the 
LQGLYLGXDO¶V�ERG\�ZHLJKW���SUHVFULSWLRQ�RI�D�����
kilocalories per day or 750 kilocalories per day energy 
deficit; or prescription of an evidence-based diet that 
restricts certain food types (such as high-carbohydrate 
foods, low-fiber foods, or high-fat foods) in order to 
create an energy deficit by reduced food intake. 

For the different dietary approaches (provided either as 
part of a comprehensive lifestyle change intervention 
carried out by a multi-disciplinary team of trained 
professionals or within nutrition interventions 
conducted by nutrition professionals) that the authors 
of the report evaluated, it is evident that all prescribed 
diets that achieved an energy deficit were associated 
with weight loss. There was no apparent superiority of 
one approach when behavioral components were 
balanced in the treatment arms. Results indicated that 
average weight loss is maximal at 6 months with 
smaller losses maintained for up to 2 years, while 
treatment and follow-up taper. Weight loss achieved by 
dietary techniques aimed at reducing daily energy 
intake ranges from 4 to 12 kilograms at 6-month 
follow-up. Thereafter, slow weight regain is observed, 
with total weight loss at 1 year of 4 to 10 kilograms and 
at 2 years of 3 to 4 kilograms. The following dietary 
approaches are associated with weight loss if reduction 
in dietary energy intake is achieved: 

x A diet from the European Association for the 
Study of Diabetes Guidelines, which focuses 
on targeting food groups, rather than formal 
prescribed energy restriction while still 
achieving an energy deficit. 

x Higher protein (25 percent of total calories 
from protein, 30 percent of total calories from 
fat, 45 percent of total calories from 

carbohydrate) with provision of foods that 
realized energy deficit. 

x	 +LJKHU�SURWHLQ�=RQH�-type diet (5 meals/day, 
each with 40 percent of total calories from 
carbohydrate, 30 percent of total calories from 
protein, 30 percent of total calories from fat) 
without formal prescribed energy restriction 
but realized energy deficit. 

x	 Lacto-ovo-vegetarian-style diet with prescribed 
energy restriction. 

x	 Low-calorie diet with prescribed energy 
restriction. 

x	 Low-carbohydrate (initially less than 20 g/day 
carbohydrate) diet without formal prescribed 
energy restriction but realized energy deficit. 

x	 Low-fat (10 percent to 25 percent of total 
calories from fat) vegan-style diet without 
formal prescribed energy restriction but 
realized energy deficit. 

x	 Low-fat (20 percent of total calories from fat) 
diet without formal prescribed energy 
restriction but realized energy deficit. 

x	 Low-glycemic load diet, either with formal 
prescribed energy restriction or without formal 
prescribed energy restriction but with realized 
energy deficit. 

x	 /RZHU�IDW����� percent fat), high dairy (4 
servings/day) diets with or without increased 
fiber and/or low-glycemic index/load foods 
(low-glycemic load) with prescribed energy 
restriction. 

x	 Macronutrient-targeted diets (15 percent or 25 
percent of total calories from protein; 20 
percent or 40 percent of total calories from fat; 
35 percent, 45 percent, 55 percent, or 65 
percent of total calories from carbohydrate) 
with prescribed energy restriction. 

x	 Mediterranean-style diet with prescribed 
energy restriction. 

x	 Moderate protein (12 percent of total calories 
from protein, 58 percent of total calories from 
carbohydrate, 30 percent of total calories from 
fat) with provision of foods that realized 
energy deficit. 

x	 Provision of high-glycemic load or low­
glycemic load meals with prescribed energy 
restriction. 
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x The AHA-style Step 1 diet (with prescribed 
energy restriction of 1500 to 1800 kilocalories 
per day, <30 percent of total calories from fat, 
<10 percent of total calories from saturated 
fat). 

Although these dietary patterns with an energy deficit 
will result in weight loss during a 6-months to 2-year 
period, long-term health implications with certain 
patterns may be detrimental to cardiometabolic health. 
These associations have been discussed in the dietary 
patterns and cardiovascular health section as well as the 
saturated fat and cardiovascular health section.  

As presented in Table D2.1 at the end of the chapter, 
the results of the randomized studies considered in the 
AHA/ACC/TOS Guideline provide evidence for what 
works in terms of the components of a comprehensive 
lifestyle intervention or nutrition interventions that are 
needed to achieve weight loss with the variety of 
dietary approaches described above. 

'LHWDU\�3DWWHUQV�DQG�7KHLU�$VVRFLDWLRQ�ZLWK� 
%RG\�:HLJKW� 
A total of 14 studies met the inclusion criteria for the 
index/score question of the NEL systematic review and 
were categorized based on dietary pattern exposure. 
Two major categories were identified: (1) studies that 
examined exposure based on a Mediterranean-
designated dietary pattern and (2) studies that examined 
exposure based on expert dietary guidelines 
recommendations. Taken together, there were six 
studies on Mediterranean-designated diet scores,23, 31, 32, 

36-38 five studies on dietary guidelines-based indices,39-43 

two studies on Mediterranean-designated scores and 
dietary guidelines indices,44, 45 and one study that used 
a trial-based customized score.46 Two of the studies 
were RCTs of positive quality23, 46 and 12 were 
prospective cohort studies. The studies were carried out 
between 2006 and 2012. 

The sample sizes for prospective cohort studies ranged 
from 732 to 373,803 participants, with follow-up times 
from 1.5 to 20 years. Ten out of 12 of the prospective 
cohort studies were conducted with generally healthy 
adults with a mean age of 25 to 63 years. Two studies 
were conducted with children and adolescents (one 
with girls).39, 40 The two RCTs were conducted in adults 
with elevated chronic disease risk: one study with a 
Mediterranean-designated diet intervention on older 
adults at increased CVD risk with more than 90 percent 

overweight or obese23 and one study using an a priori 
diet intervention on men with pre-existing metabolic 
syndrome.46 The sample sizes for the RCTs were from 
187 to 769 subjects and duration of follow-up ranged 
from 3 to 12 months. 

0HGLWHUUDQHDQ�VW\OH�'LHWDU\�3DWWHUQ� 
Four out of the six studies evaluating the 
Mediterranean style dietary pattern were conducted in 
Spain.23, 32, 36, 37 Of the other two, one study was the 
European multicenter study that was part of the EPIC-
Physical Activity, Nutrition, Alcohol Consumption, 
Cessation of Smoking, Eating out of Home, and 
Obesity (EPIC-PANACEA) study,38 and one was 
conducted in the United States.31 

Dietary Patterns and Body Weight and Incidence of 
Overweight and/or Obesity 

The Prevencion con Dieta Mediterranean 
(PREDIMED) study tested the effects of a 
Mediterranean diet on the primary prevention of 
cardiovascular disease in a high-risk group of men and 
women. Subjects either had type 2 diabetes or three 
cardiovascular disease risk factors (such as 
hypertension or current smoking) and 90 percent were 
RYHUZHLJKW�RU�REHVH�GHILQHG�DV�%0,�����kilograms per 
square meter. The PREDIMED trial randomly assigned 
participants to three interventions: (1) Mediterranean 
diet with extra virgin olive oil, (2) Mediterranean diet 
with mixed nuts, and (3) low-fat diet. At end of 3 
months of a 4-year clinical trial, the authors found that 
the Mediterranean diet score increased in the two 
Mediterranean diet groups of the trial and remained 
unchanged in the low-fat group. However, no 
significant changes in body weight and adiposity 
occurred within or between groups from baseline to the 
3 months. Beunza et al., 2010 reported on a prospective 
cohort study in Spain, the Seguimiento Universidad de 
Navarra (SUN) study.36 Participants with the highest 
adherence to a Mediterranean dietary pattern, assessed 
using the Trichopoulou Mediterranean Diet Score 
(MDS) were found to have lower average yearly weight 
gain, -0.059 kilograms per year (95% CI = -0.111 to ­
0.008 kg/y; p for trend = 0.02), than participants in the 
lowest adherence group.7 However, the MDS was not 
associated with incidence of overweight or obesity in 
participants who were normal weight at baseline. 
Mendez et al., 2006 reported on the EPIC-Spain 
prospective cohort study.37 Adherence to a 
Mediterranean diet was assessed using a slight 
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modification of the Trichopoulou MDS, with exposure 
categorized in tertiles of low (0-3), medium (4-5), and 
high (6-8) adherence. Participants with highest MDS 
adherence had reduced incidence of obesity when 
overweight at baseline; overweight women and men 
were 27 percent and 29 percent, respectively, less likely 
to become obese. High MDS adherence was not 
associated with incidence of overweight in subjects 
who were normal weight at baseline. The EPIC­
PANACEA study examined the association between 
adherence to the relative Mediterranean dietary pattern 
(rMDS), prospective weight change, and the incidence 
of overweight or obesity. Participants with high rMED 
adherence gained less weight in 5 years than did 
participants with low rMED adherence (-0.16 kg; 95% 
CI = -0.24 to -0.07 kg) and had a 10 percent lower odds 
of becoming overweight or obese (OR = 0.90; 95% CI 
= 0.82 to 0.96). The contribution of each rMED scoring 
component also was assessed and it was found that the 
association between rMED and weight change was no 
longer significant when meat and meat products were 
not part of the score. Lastly, a meta-analysis of the 
odds ratio scores of all 10 European countries showed 
that a 2-point increase in rMED score was associated 
with 3 percent (95% CI = 1 to 5%) lower odds of 
becoming overweight or obese over 5 years. 

Dietary Patterns and Waist Circumference 

Rumawas et al., 2009 conducted a prospective cohort 
study using a subset of the Framingham Offspring and 
Spouse (FOS) study.31 Dietary exposure was assessed 
in quintiles of low to high adherence to the 
Mediterranean style dietary pattern score (MSDPS). 
Participants with a higher MSDPS had significantly 
lower waist circumference (p for trend < 0.001). 
Tortosa et al., 2007 reported on the association of the 
Mediterranean dietary pattern and metabolic syndrome 
in the SUN study conducted in Spain.32 Participants in 
the highest tertile of adherence to the MDS had lower 
waist circumference, -0.05 centimeters over 6 years (p 
for trend = 0.038), compared to the lowest tertile.  

Although some mixed results from prospective studies 
may be due to differences in the length of follow up, 
definition of the Mediterranean dietary pattern and 
population included, the results of randomized studies 
indicate a significant reduction in body weight when 
calories are restricted. A high quality meta-analysis 
(AMSTAR rating of 11) on the association of a 
Mediterranean-style diet with body weight conducted 

by Esposito included 16 randomized studies of which 
one32 overlapped with the NEL systematic review was 
included in the DGAC body of evidence for this 
question. The meta-analysis included studies conducted 
in the United States, Italy, Spain, France, Israel, 
Greece, Germany, and the Netherlands that lasted from 
4 weeks to 24 months with a total of 3,436 participants. 
Using a random effects model, participants in the 
Mediterranean diet group had significant weight loss 
(mean difference between Mediterranean diet and 
control diet, -1.75 kg; 95% CI = -2.86 to -0.64) and 
reduction in BMI (mean difference, -0.57 kg/m2; 95% 
CI = 0.93 to 0.21 kg/m2) compared to those in the 
control arm. The effect of Mediterranean diet on body 
weight was greater in association with energy 
restriction (mean difference, -3.88 kg; 95% CI = -6.54 
to -1.21 kg), increased physical activity (-4.01 kg; 95% 
CI = -5.79 to -2.23 kg), and follow up longer than 6 
months (-2.69 kg; 95% CI = -3.99 to -1.38 kg). Across 
all 16 studies, the Mediterranean style dietary pattern 
did not cause weight gain. 

'LHWDU\�*XLGHOLQHV�EDVHG�,QGLFHV� 
Of the seven studies conducted on dietary guidelines-
based indices, three studies were conducted in the 
United States with U.S.-based indices.39, 41, 43 One study 
was conducted in Germany with an index developed in 
the United States,40 and two studies were conducted in 
France (one used a French index,42 and the other 
compared six different dietary scores).44 

Dietary Patterns and Body Weight and Incidence of 
Overweight and/or Obesity 

Gao et al., 2008 reported on a prospective cohort study 
of White, African American, Hispanic, and Chinese 
men and women in the Multi-Ethnic Study of 
Atherosclerosis (MESA) in the US. Two versions of 
the 2005 HEI were used: the original and a modified 
version that adjusted the food group components to 
incorporate levels of caloric need based on sex, age, 
and activity level.41 For the overall population, there 
was an inverse association between quintiles of each 
HEI score and BMI (p<0.001). The risk of obesity in 
normal weight participants was inversely associated 
with HEI scores only for Whites (p<0.05). A 
comparison of the HEI-1995 and HEI-2005 scores 
indicated that beta-coefficients, as predictors of body 
weight and BMI, were higher for the HEI-2005 scores 
in Whites. Zamora et al., 2010 analyzed data from the 
prospective cohort study, Coronary Artery Risk 
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Development in Young Adults (CARDIA), conducted 
in the United States, to examine the association 
between diets consistent with the 2005 Dietary 
Guidelines and subsequent weight gain in Black and 
White young adults.43 The Diet Quality Index (DQI) 
included 10 components of the 2005 Dietary 
Guidelines relating to the consumption of total fat, 
saturated fat, cholesterol, added sugars, reduced-fat 
milk, fruit, vegetables, whole grains, nutrient-dense 
foods, and limited sodium and alcohol intake. They 
found, a 10-point increase in DQI score was associated 
with a 10 percent lower risk of gaining 10 kilograms in 
normal-weight Whites. However, the same magnitude 
increase in score was associated with a 15 percent 
higher risk in obese Blacks (p<0.001). Kesse-Guyot et 
al., 2009 conducted a prospective cohort study in 
France to examine the association between adherence 
to a dietary score based on the French 2001 nutritional 
guidelines (Programme National Nutrition Sante´ 
guidelines score (PNNS-GS) and changes in body 
weight, body fat distribution, and obesity risk.42 The 
PNNS-GS includes 12 nutritional components: fruit 
and vegetables, starchy foods, whole grains, dairy 
products, meat, seafood, added fat, vegetable fat, 
sweets, water and soda, alcohol, and salt. The last 
PNNS-GS component is physical activity. In fully 
adjusted models, an increase of one PNNS-GS unit was 
associated with lower weight gain (p=0.004), and lower 
BMI gain (p=0.002). An increase of 1 PNNS-GS unit 
was associated with a lower probability of becoming 
overweight (including obese) (OR = 0.93; 95% CI = 
0.88 to 0.99). Similarly, an increase of 1 PNNS-GS unit 
was associated with a lower probability of becoming 
obese (OR = 0.89; 95% CI = 0.80 to 0.99). 

Two studies were conducted in children. Cheng et al., 
2010 analyzed data from a prospective cohort study 
conducted in Germany, the Dortmund Nutritional and 
Anthropometric Longitudinally Designed (DONALD) 
study, to examine whether the diet quality of healthy 
children before puberty was associated with body 
composition at onset of puberty.40 Adherence to a diet 
SDWWHUQ�ZDV�DVVHVVHG�E\�WKH�5HYLVHG�&KLOGUHQ¶V�'LHW�
Quality Index (RC-DQI) which was based on the 
Dietary Guidelines for Americans. In this study, a 
higher dietary quality was associated with a higher 
energy intake, and children with a lower diet quality 
had lower BMI and Fat Mass Index (FMI) Z-scores at 
baseline (p<0.01) but not at onset of puberty. Berz et 
al., 2011 reported on a prospective cohort study to 
assess the effects of the DASH eating pattern on BMI 

in adolescent females over a 10-year period.39 Only 
seven out of the 10 original components of the DASH 
score were used; the three excluded were added sugars, 
discretionary fats and oils, and alcohol. Overall, girls in 
the highest vs. lowest quintile of DASH score had an 
adjusted mean BMI of 24.4 vs. 26.3 kilograms per 
square meter (p<0.05). 

Dietary Patterns and Waist Circumference  

Gao et al., found, for the overall population in the 
MESA study, an inverse association between quintiles 
of each HEI score and waist circumference (WC) 
(p<0.001).41 The study by Kesse-Guyot conducted in 
France showed, in fully adjusted models, an increase of 
one PNNS-GS unit was associated with lower waist 
circumference gain (p=0.01) and lower waist-to-hip 
ratio gain (p=0.02).42 

2WKHU�,QGLFHV� 
Jacobs et al., 2009 conducted an RCT in Norway, the 
Oslo Diet and Exercise Study, to examine the effect of 
changes in diet patterns on body weight and other 
outcomes among men who met the criteria for the 
metabolic syndrome (n=187 men).46 Study participants 
were randomly assigned to: (1) the diet protocol, (2) 
the exercise protocol, (3) the diet + exercise protocol, 
or (4) the control protocol. The trial duration was 12 
months. The authors created their own diet score to 
assess adherence to the intervention. The score was 
based on summing the participants ranking of intake 
(across tertiles) of 35 food groups that, based on the 
literature, had a beneficial neutral or detrimental effect 
on health. A higher score reflected greater adherence to 
the diet intervention. Over the course of the 
intervention, the diet score increased by 2 points (SD 
±5.5) in both diet groups, with a decrease of an 
equivalent amount in the exercise and control groups. 
A 10-point change in the diet score during the 
intervention period was associated with a 3.5 kilograms 
decrease in weight, a 2.8 centimeter decrease in waist 
circumference and 1.3 percent decrease in percent body 
fat (all significant at p<0.0001). 

6WXGLHV�WKDW�&RPSDUHG�9DULRXV�'LHWDU\�,QGLFHV� 
In a study by Lassale et al., subjects were participants 
in the SUpplementation en VItamines et Minereaux 
AntioXydants (SU.VI.MAX) study and diet quality 
was assessed using a Mediterranean Score (MDS, 
rMED, MSDPS), the Diet Quality Index-International 
(DQI-I), the 2005 Dietary Guidelines for Americans 

2015 Dietary Guidelines Advisory Committee Report 196 



  

 

  

 

 
 

 
 

 

 
 

 
 

 

 
 

  
 

 

 

 

 

 

 

 

 
   

 

 
 

 

   
 

  
 

 

 

 

 

 
 

 
 

  
 

 
 

 
  

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

Adherence Index (DGAI), and the French Programme 
National Nutrition Sante-Guidelines Score (PNNS­
GS).44 Overall, better adherence to a Mediterranean diet 
(except for the MSDPS) or expert dietary guidelines 
was associated with lower weight gain in men who 
were normal weight at baseline (p for trend = <0.05). In 
addition, among the 1,569 non-obese men at baseline, 
the odds of becoming obese associated with one 
standard deviation increase in dietary score ranged 
from OR = 0.63 (95% CI = 0.51 to 0.78) for the DGAI 
to OR = 0.72 (95% CI = 0.59 to 0.88) for the MDS, 
only the MSDPS was non-significant. In women, no 
association between diet scores and weight gain or 
incidence of obesity was found. Woo et al., 2008 
reported on a prospective cohort study in Hong Kong to 
examine adherence to a diet pattern using the MDS and 
the Diet Quality Index International (DQI-I).45 They 
found that increased adherence to either the MDS or 
DQI-I was not associated with becoming overweight. 

'LHWDU\�3DWWHUQV�IURP�'DWD�GULYHQ�0HWKRGV� 
In the NEL review, a total of 11 studies from 
prospective cohort studies were included that either 
used factor or cluster analyses to derive dietary 
patterns. Eight of the eleven studies were conducted in 
the United States, with additional studies from the 
United Kingdom, Iran, and Sweden. The sample sizes 
ranged from 206 to 51,670 participants with follow-up 
times from 3 to 20 years. The majority of the studies 
were conducted with generally healthy adult men and 
women,47-52 five studies included women only,53-57 and 
one was conducted in children to examine weight gain 
in adolescence over the period of follow-up.56 

Outcomes examined included change in body weight (3 
studies), BMI (7 studies), and waist circumference (6 
studies); one study examined both percent body fat and 
incidence of overweight/obesity. 

Most of the studies found at least two generic food 
SDWWHUQV��D�³KHDOWK\�SUXGHQW´�IRRG�SDWWHUQ�DQG�DQ� 
³XQKHDOWK\�ZHVWHUQ´�SDWWHUQ��*HQHUDOO\��KHDOWKy 
patterns were associated with more favorable body 
weight outcomes, while the opposite was seen for 
unhealthy patterns. However, not all studies reported 
significant associations. There was a potential 
difference in associations found by sex: of the three 
studies that analyzed men and women separately, men 
tended to have null results. However, data were 
insufficient to draw conclusions about population 
subgroups. Furthermore, because the patterns are data-
driven, they represent what was consumed by the study 

population, and thus it is difficult to compare across the 
disparate patterns. The one study that analyzed the 
dietary patterns of pre-pubescent children transitioning 
into adolescence showed that patterns vary widely at 
this age and caution should be observed when 
analyzing these data because the diet of children 
changes rapidly, as does their weight. 

The DGAC considered the systematic review by 
Ambrosini et al. that included seven articles, two of 
which overlapped with the NEL review.34 Results 
demonstrated a positive association between a dietary 
pattern high in energy-dense, high fat, and low fiber 
foods and later obesity (4 of the 7 studies), while three 
studies demonstrated null associations. The seven 
longitudinal studies of children from the United 
Kingdom, United States, Australia, Norway, Finland, 
and Colombia had follow-up periods ranging from 2 to 
21 years and had sample sizes from 427 to 6772 
individuals. The studies determined dietary patterns 
using factor or cluster analysis (5) or reduced rank 
regression (2). 

For additional details on this body of evidence, visit: 
References 2, 13, 34, 35 and Appendix E-2.27 

',(7$5<�3$77(516�$1'�7<3(���
',$%(7(6� 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ULVN�RI�W\SH���GLDEHWHV"� 

Source of evidence: Existing reports  

&RQFOXVLRQ� 

Moderate evidence indicates that healthy dietary 
patterns higher in vegetables, fruits, and whole grains 
and lower in red and processed meats, high-fat dairy 
products, refined grains, and sweets/sugar-sweetened 
beverages reduce the risk of developing type 2 
diabetes. DGAC Grade: Moderate 

Evidence is lacking for the pediatric population. 

,PSOLFDWLRQV� 

To reduce the risk of developing type 2 diabetes, 
individuals are encouraged to consume dietary patterns 
that are rich in vegetables, fruits, and whole grains and 
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lower in red and processed meats, high-fat dairy, 
refined grains, and sweets/sugar-sweetened beverages 
in addition to maintaining a healthy body weight. 
Diabetes can be prevented through the consumption of 
a variety of healthy dietary patterns that share these 
components and that are tailored to the biological needs 
and socio-cultural preferences of the individual and 
carried out preferably through counseling by a nutrition 
professional. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The Committee considered two sources of evidence. 
The primary source was the NEL Dietary Patterns 
Systematic Review Project which included 37 studies 
predominantly of prospective cohorts design and some 
randomized trials (n=8).2 This primary source was 
supplemented by a published meta-analysis58 that 
included 15 cohort studies of which 13 overlapped with 
the NEL review.58 The meta-analysis provided an 
estimate of the effect size of incident type 2 diabetes 
associated with a healthy and unhealthy dietary pattern.  

Although the NEL rated the overall body of evidence 
for type 2 diabetes as limited, this was primarily a 
result of examining the different methods for defining 
dietary patterns (e.g. indices, data driven, and reduce 
rank regression) separately. As such, the NEL noted 
these methodological inconsistencies across studies but 
stated general support for the consumption of a dietary 
pattern rich in vegetables and fruits and low in high-fat 
dairy and meats. The DGAC concurred with this 
conclusion. However, the DGAC has elevated the 
grade of the entire body of evidence to moderate given 
that the NEL findings were corroborated by the results 
of a high quality meta-analysis (AMSTAR rating of 11) 
and the magnitude of the associations that showed 
when the results of 15 cohort studies are pooled, 
evidence indicated a 21 percent reduction in the risk of 
developing type 2 diabetes associated with dietary 
patterns characterized by high consumption of whole 
grains, vegetables, and fruit. Conversely, a 44 percent 
increased risk of developing type 2 diabetes was seen 
with an unhealthy dietary pattern characterized by 
higher consumption of red or processed meats, high-fat 
dairy, refined grains, and sweets. 

'LHWDU\�3DWWHUQV�DQG�,QFLGHQW�7\SH���'LDEHWHV� 
'LHWDU\�$SSURDFKHV�WR�6WRS�+\SHUWHQVLRQ��'$6+��� 
One study used the DASH score in a cohort of 820 U.S. 
adults ages 40 to 69 years and with equal sex 

distribution and racial diversity.59 Liese et al. found 
adherence to the DASH score was associated with 
markedly reduced odds of type 2 diabetes in Whites but 
not in the total population, or in the Blacks and 
Hispanics, which comprised the majority of this cohort. 

0HGLWHUUDQHDQ�VW\OH�'LHWDU\�3DWWHUQV� 
Three studies assessed Mediterranean-style dietary 
pattern adherence (Mediterranean Diet Score [MDS]) 
with sample sizes ranging from 5,000 to more than 
20,000 in both Mediterranean and U.S. populations. 
One study conducted in Spain with the SUN cohort 
(n=13,380) found a favorable association between the 
MDS (the original MDS of Trichopoulou) and risk of 
type 2 diabetes. Overall, a 2-point increase in MDS was 
associated with a 35 percent reduction in risk of type 2 
diabetes.60 Another study, conducted in Greece with the 
EPIC-Greece cohort (n=22,295), also assessed the 
relationship between the MDS and type 2 diabetes. In 
this second Mediterranean population, adherence to the 
MDS also was favorably associated with decreased risk 
of diabetes.61 Conversely, a study conducted in the 
8QLWHG�6WDWHV��XVLQJ�WKH�DXWKRUV¶�0HG'LHW�6FRUH�ZLWK�
the Multi-Ethnic Study of Atherosclerosis (MESA) 
cohort (n=5,390) found no association between their 
MedDiet Score and type 2 diabetes incidence in the 
total population, in men or women, or in specific 
racial/ethnic groups.62 

'LHWDU\�,QGLFHV�%DVHG�RQ�WKH�'LHWDU\�*XLGHOLQHV� 
Four studies used dietary guidelines-based indices such 
as the AHEI and the Diet Quality Index (DQI). The 
sample sizes of the studies ranged from 1,821 to 
80,029. A study that assessed adherence to the AHEI in 
the United States found a favorable association 
between AHEI score and risk of incident type 2 
GLDEHWHV�LQ�ZRPHQ�LQ�WKH�1XUVHV¶�+HDOWK�6WXG\�
(n=80,029).63 In the CARDIA study (n=4,381), also 
from the United States, the authors found no 
association between DQI-2005 score and type 2 
diabetes incidence in the total population or in Blacks 
or Whites.29 Studies from outside the United States 
included one conducted in Australia using a Total Diet 
score in the Blue Mountains Eye Study (BMES, 
n=1,821) and one from Germany using a German Food 
Pyramid Index with the EPIC-Potsdam cohort 
(n=23,531). Neither found an association between these 
scores and incident type 2 diabetes.64, 65 Thus, evidence 
for an association only exists with the AHEI, which 
does contain slightly different components from the 
other indices, such as nuts and legumes, trans fat, EPA 
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+ DHA (n±3 FAs), PUFAs, alcohol, red and processed 
meat.  

'DWD�GULYHQ�$SSURDFKHV� 
Eleven studies used factor analysis and one study used 
cluster analysis. These analyses were all conducted 
using data from prospective cohort studies published 
between 2004 and 2012 and had sample sizes ranging 
from 690 to more than 75,000 individuals. Five studies 
were conducted in the United States and the rest from 
developed countries around the world. Each study 
identified one to four dietary patterns, with the most 
common comparison between "western"/"unhealthy" 
and "prudent"/"healthier" patterns; a total of 35 diverse 
dietary patterns were identified within the body of 
evidence. Many studies had null findings, particularly 
studies with duration of less than 7 years of follow 
up.66-69 Patterns associated with lower risk of type 2 
diabetes were characterized by higher intakes of 
vegetables, fruits, low-fat dairy products, and whole 
grains, and those associated with increased risk were 
characterized by higher intakes of red meat, sugar-
sweetened foods and drinks, French fries, refined 
grains, and high-fat dairy products. However, the food 
groups identified varied substantially, even among 
patterns with the same name. 

Three prospective cohort studies used reduced rank 
regression to examine the relationship between dietary 
patterns and type 2 diabetes.70-72 Two of the studies 
were conducted in the United States and one in the 
United Kingdom. The sample sizes were 880 for Liese 
(2009), 2,879 for Imamura (2009), and 6,699 for 
McNaughton (2008). The independent variables in 
these studies were dietary pattern scores, and 
biomarkers were used as response variables in two of 
the studies. Dietary patterns that included meat intake 
and incident type 2 diabetes were positively associated 
in the two studies that used biomarkers as response 
variables, though the definitions of meat differed.70, 71 

However, because so few studies were available and 
the methodology used and different populations 
considered varied so much, the information was 
insufficient to assess consistency or draw conclusions. 

2WKHU�'LHWDU\�3DWWHUQV� 
The body of evidence examined included seven studies 
conducted between 2004 and 2013, consisting of six 
RCTs73-79 and one prospective cohort study (PCS).80 

Two studies were conducted in the United States; one 
in the United States and Canada; one in Spain (2 

PREDIMED articles); and one each in Greece, Italy, 
and Sweden. The sample sizes of the RCTs ranged 
from 82 to 1,224 participants and the PCS had a sample 
size of 41,387 participants. All eight studies were 
conducted in adults. RCT duration ranged from 6 
weeks to a median of 4 years and the PCS duration was 
2 years. The RCTs were primary prevention studies of 
at-risk participants. Baseline health status in the study 
participants included those with mild 
hypercholesterolemia, overweight or obesity, metabolic 
syndrome, abdominal obesity, and three or more CVD 
risk factors, including metabolic syndrome. The PCS 
participants were individuals in the Adventist Health 
Study who did not have type 2 diabetes.80 Three studies 
looked at a Mediterranean-style diet,75, 77-79 one study 
examined the Nordic diet (defined by the authors of the 
study as a diet rich in high-fiber plant foods, fruits, 
berries, vegetables, whole grains, rapeseed oil, nuts, 
fish and low-fat milk products, but low in salt, added 
sugars, and saturated fats),73 and three studies looked at 
either the DASH diet or a variation of the DASH diet,74, 

76 or a vegetarian diet.80 

Two of the seven studies examined the association 
between adherence to a dietary pattern and incidence of 
type 2 diabetes.79, 80 Although the results of both studies 
showed a favorable association between either a 
Mediterranean-style or a vegetarian dietary pattern and 
incidence of type 2 diabetes the studies differed in 
design and dietary pattern used to assess diet exposure. 
The other studies examined the intermediate outcomes 
of impaired glucose tolerance and/or insulin resistance 
and are discussed in the next section. 

'LHWDU\�3DWWHUQV�DQG�,QWHUPHGLDWH�2XWFRPHV� 
Five studies examined adherence to a dietary pattern 
and intermediate outcomes related to glucose tolerance 
and/or insulin resistance: two RCTs23, 46 and three 
prospective cohort studies.29, 31, 64 It was difficult to 
assess food components across these studies, as 
numerous different scores were used and no compelling 
number of studies used any one score or index. Even 
so, favorable associations between dietary patterns and 
intermediate outcomes were found.  

The two RCTs were conducted in populations in 
Europe that were at risk of diabetes. An early report 
from the PREDIMED trial showed that a 
Mediterranean diet decreased fasting blood glucose, 
fasting insulin, and HOMA-IR scores in a Spanish 
population at risk of CVD.23 In the Oslo Diet and 
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Exercise Study (ODES), increased adherence to the 
DXWKRUV¶�D�SULRUL diet score resulted in decreased fasting 
insulin and insulin after a glucose challenge, but not 
fasting glucose, in Norwegian men with metabolic 
syndrome.46 Results from prospective cohort studies 
were consistent in showing a favorable association 
between diet score and fasting glucose, fasting insulin 
or HOMA-IR,29, 31 with the exception of one study that 
found the association with fasting glucose only in 
men.64 

'DWD�GULYHQ�$SSURDFKHV� 
Variations in populations studies, definition of 
outcomes, dietary assessment methodologies, and 
methods used to derive patterns resulted in a highly 
variable set of dietary patterns, thus making it difficult 
to draw conclusions from studies using data-driven 
approaches. For example, one study measured fasting 
blood glucose with a cutoff of 6.1 and greater 
millimoles per liter;47 another study measured plasma 
glucose with a cutoff of 5.1 and greater millimoles per 
liter,81 while a third study measured plasma glucose 
after an overnight fast and after a standard 75 grams 
oral glucose tolerance test.82 Three prospective cohort 
studies assessed the association between dietary 
patterns and plasma glucose levels. Two U.S. studies 
derived patterns using cluster analysis47, 81 and one 
study conducted in Denmark used factor analysis.82 

Duffey et al. LGHQWLILHG�WZR�GLHW�FOXVWHUV��³3UXGHQW� 
'LHW´�DQG�³:HVWHUQ�'LHW´�47 Kimokoti et al. identified 
ILYH�FOXVWHUV��³+HDUW�+HDOWKLHU�´�³/LJKWHU�(DWLQJ�´�
³:LQH�DQG�0RGHUDWH�(DWLQJ�´�³+LJKHU�)DW�´�DQG�
³(PSW\�&DORULHV´�81 and Lau et al. derived two factors: 
³0RGHUQ´�DQG�³7UDGLWLRQDO�´82 

For additional details on this body of evidence, visit: 
References 2, 58, and Appendix E-2.28 

',(7$5<�3$77(516�$1'�&$1&(5� 

([LVWLQJ�(YLGHQFH�DURXQG�)RRGV�DQG�1XWULHQWV�
DQG�&DQFHU� 

The role of dietary composition in cancer risk has been 
postulated since ancient times, yet scientific evidence 
for such relationships was sparse until nearly a century 
ago. Experimental models of cancer based upon 
chemical carcinogens, radiation, viral-transmission, and 
inherited genetic variations gradually emerged in first 
half of the 20th century and were soon found to be 

influenced by dietary and nutritional interventions. The 
establishment of population-based cancer registries 
around the globe in the years following World War II 
clearly indicated that the incidence and mortality of 
specific cancers and the patterns of cancers varied 
widely between countries. Soon, studies of migrant 
populations demonstrated that in parallel with 
acculturation, cancer risk evolved toward that observed 
in the adopted country, implicating a strong role for 
environmental influences, such as dietary patterns, in 
cancer risk. When coupled with national food 
consumption data, relationships between dietary 
patterns or components and cancer risk were 
hypothesized. The development of dietary assessment 
tools, such as FFQs, paved the way for large 
prospective epidemiologic cohort studies designed to 
examine more precisely the role of dietary patterns, 
foods, and specific nutrients in the risk of various 
cancers.83 Additional diet assessment tools, such as 
food diaries, and single and multi-day 24-hour recalls 
enhanced the ability to undertake population studies 
and mechanism-based RCTs. These studies were made 
possible by USDA support of research to advance 
laboratory methods to define the nutrient content of 
foods in the U.S. food supply and establish a database 
that, when coupled with diet assessment tools, provides 
an estimated intake of energy, macronutrients, 
vitamins, minerals and other dietary variables. More 
recently, inclusion into the database of non-nutrient 
bioactive components primarily found in vegetables 
and fruits has enhanced the ability to define human 
intake of bioactive components that may affect health 
and disease. 

In 1982, the American Institute for Cancer Research 
(AICR), a part of the World Cancer Research Fund 
(WCRF) global philanthropic network, was established. 
Together, the mission of WCRF/AICR is to fund 
research and disseminate evidence-based cancer 
prevention guidelines to the public. In 1997, the 
AICR/WCRF published the results of a comprehensive 
multi-year effort to systematically review the published 
scientific literature and develop dietary guidelines for 
cancer prevention.84 With a rapid expansion of 
available data in the subsequent years, the process was 
repeated for the 2007 AICR/WCRF report.85 This effort 
has been enhanced in subsequent years by the 
AICR/WCRF Continuous Update Project (CUP), in 
which data are reviewed and updated on a continuous, 
rolling basis for specific cancers, with several reports 
completed annually.86 This effort is accomplished 
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through a rigorous systematic review process in which 
scientific evidence is gathered, reviewed and judged by 
panels of experts in nutrition and cancer in order to 
generate nutrition and cancer prevention goals for 
policy makers, the general population, and individuals 
seeking to reduce cancer risk.87 The most recent 
summary of the systematic review which documents 
important information about the relationship between 
specific foods, nutrients and other lifestyle behavior 
and cancer risk is found in Table D2.2. 

As previously mentioned, the 2015 DGAC chose to 
determine whether an examination of dietary patterns, 

could inform the understanding of diet and cancer risk. 
As this scientific literature is relatively early in its 
development, we limited our search to the four most 
common malignancies affecting the American public² 
lung, breast, colon/rectal, and prostate²which account 
for the majority of the cancer burden in the United 
States. Although the published literature on dietary 
patterns and cancer risk is relatively young, the DGAC 
felt it was important to examine the evidence and 
conclusions, consider the implications for development 
of dietary guidelines, and indicate areas for future 
research. 
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Table D2.2. American Institute for Cancer Research / World Cancer Research Fund (AICR/WCRF) Summary of 
Strong Evidence on Diet, Nutrition, Physical Activity, and Cancer Prevention, updated 2014 

pp Convincing decreased risk. 
p Probable decreased risk. 
nn Convincing increased risk. 
n Probable increased risk. 
x Substantial effect on risk unlikely. 
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Foods containing dietary fiber pp 

Aflatoxins nn 

Non-starchy vegetables1 p p p 

Allium vegetables p 

Garlic p 

Fruits2 p p p p 

Red meat nn 

Processed meat nn 

Cantonese-style salted fish n 

Diets high in calcium3 p 

Salt, salted and salty foods n 

Glycemic load n 

Arsenic in drinking water nn n 

Mate n 

Alcoholic drinks4 nn nn n n nn nn nn x 

Coffee x p x 

Beta-carotene5 nn x x 

Physical activity6 pp p p 

Body fatness7 nn nn n nn p nn n nn n nn 

Adult attained height n nn n nn nn n 

Greater birth weight n 

Lactation pp pp 

1 Includes evidence on foods containing carotenoids for mouth, pharynx, larynx; foods containing beta-carotene for esophagus; foods containing vitamin C for esophagus.
 
2 Includes evidence on foods containing carotenoids for mouth, pharynx, larynx, and lung; foods containing beta-carotene for esophagus; food containing vitamin C for 

esophagus.

3 Evidence is from milk and studies using supplements for colorectum.
 
4 Convincing increased risk for men and probably increased risk for women for colorectum. Evidence applies to adverse effect for kidney.
 
5 Evidence derived from studies using supplements for lung.
 
6 Convincing increased risk for colon not rectum.
 
7 Probable increased risk for advanced not non-advanced prostate cancer.
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AICR/WCRF Evidence Stratification87 

Convincing: The evidence for a convincing grade is strong enough to support a causal relationship. This relationship is robust enough 
that it is unlikely to be modified of research in the foreseeable future. $�JUDGH�RI�³FRQYLQFLQJ´�UHTXLUHV�HYLGHQFH�IURP�PRUH�WKDQ�RQe study 
type, data from at least two cohort studies, no unexplained heterogeneity between study types with regard to the presence or absence of an 
association, good quality studies where random or systematic errors are unlikely, presence of a dose-response relationship, and strong and 
plausible experimental evidence relating typical human exposures to relevant cancer outcomes. 

Probable: The criteria for determining a probable diet and cancer relationship include: evidence from at least two cohort studies or at 
least five case-control studies, no substantial unexplained heterogeneity between or within study types in the presence or absence of an 
association or direction of effect, good quality studies where the likelihood of random or systematic error is low, and evidence for biologic 
plausibility. 

Limited²suggestive: This grade is assigned when the evidence is too limited to permit a probable or convincing judgment, but there 
is evidence of a direction of effect. The evidence may have methodological flaws, or there may be a limited number of studies. A grade of 
³OLPLWHG-VXJJHVWLYH´�UHTXLUHV�WKH�IROORZLQJ��HYLGHQFH�IURP�DW�OHDVW�WZR�FRKRUW�VWXGLHV�RU�ILYH�FDVH-control studies, there is some evidence 
for biologic plausibility, and the direction of the effect is generally consistent, although there may be some unexplained heterogeneity. 

Limited²no conclusion: This grade describes diet and cancer relationships where the evidence was ample for review by the panel, 
but it was too limited to receive one of the other grades. The available studies may be of good quality, but limited in number or yielding 
inconsistent results. 

Substantial effect on risk unlikely: This grade is assigned when the evidence is strong that a particular nutrient, food, dietary pattern, 
or physical activity is unlikely to have a substantial causal relationship to a cancer outcome. Data must be strong enough that modification 
in the foreseeable future is unlikely. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ULVN�RI�FDQFHU"� 

Source of evidence: NEL systematic review 

&RQFOXVLRQV� 

Colon/Rectal Cancer²Moderate evidence indicates 
an inverse association between dietary patterns that are 
higher in vegetables, fruits, legumes, whole grains, lean 
meats/seafood, and low-fat dairy and moderate in 
alcohol; and low in red and/or processed meats, 
saturated fat, and sodas/sweets relative to other dietary 
patterns and the risk of colon/rectal cancer. Conversely, 
diets that are higher in red/processed meats, French 
fries/potatoes, and sources of sugars (i.e., sodas, 
sweets, and dessert foods) are associated with a greater 
colon/rectal cancer risk. DGAC Grade: Moderate 

Breast Cancer²Moderate evidence indicates that 
dietary patterns rich in vegetables, fruit, and whole 
grains, and lower in animal products and refined 
carbohydrate, are associated with reduced risk of post-
menopausal breast cancer. The data regarding this 
dietary pattern and pre-menopausal breast cancer risk 
point in the same direction, but the evidence is limited 
due to fewer studies. DGAC Grade: Moderate for 
postmenopausal breast cancer risk; Limited for 
premenopausal breast cancer risk 

Lung Cancer²Limited evidence from a small number 
of studies suggests a lower risk of lung cancer 

associated with dietary patterns containing more 
frequent servings of vegetables, fruits, seafood, 
grains/cereals, and legumes, and lean versus higher fat 
meats and lower fat or non-fat dairy products. Despite 
reported modest significant reductions in risk, 
definitive conclusions cannot be established at this time 
due to the small number of articles, as well as wide 
variation in study design, dietary assessment, and case 
ascertainment. DGAC Grade: Limited 

Prostate Cancer²No conclusion can be drawn 
regarding the relationship between dietary patterns and 
the risk of prostate cancer. This is due to limited 
evidence from a small number of studies with wide 
variation in study design, dietary assessment 
methodology and prostate cancer outcome 
ascertainment. DGAC Grade: Grade not assignable 

,PSOLFDWLRQV� 

The data accumulating regarding the impact of dietary 
patterns on risk of certain types of cancers supports the 
concept that a healthy dietary pattern may significantly 
reduce the overall burden of cancer in the United 
States. Emerging studies on dietary patterns support the 
findings of expert reviews regarding individual foods 
and nutrients. Effective strategies to initiate early in life 
and maintain a healthy dietary pattern and body weight, 
coupled with regular physical activity, will 
significantly reduce the cancer burden in America. 

� 
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5HYLHZ�RI�WKH�(YLGHQFH� 

'LHWDU\�3DWWHUQV�DQG�&RORUHFWDO�&DQFHU� 
This systematic review included 21 articles from 
prospective cohort studies and one article from an RCT 
published since 2000 that examined the relationship 
between dietary patterns and risk of colorectal 
cancer.88-109 The articles used diverse methodology to 
assess dietary patterns. Nine articles used 
indices/scores to assess dietary patterns, 10 articles 
used data-driven methods, and three used other 
approaches.  

The dietary patterns examined in this systematic review 
were defined in various ways, making comparisons 
between articles difficult. However, despite general 
heterogeneity in this body of evidence, some protective 
dietary patterns emerged, particularly in articles where 
patterns were defined by index or score; articles using 
data-driven methods were less consistent. Patterns 
emphasizing vegetables, fruits, fish/seafood, legumes, 
low-fat dairy, and whole grains were generally 
associated with reduced risk of colorectal cancer. 
Patterns higher in red/processed meats, potatoes/French 
fries, and sodas/sweets/added sugars were generally 
associated with increased risk of colorectal cancer. 

The relationship between dietary patterns and 
colorectal cancer risk often varied by sex and tumor 
location. Results based on analysis by sex were mixed, 
while analysis in tumor subgroups seemed to indicate 
that dietary patterns may be more strongly associated 
with tumor development in distal regions of the 
colon/rectum. Although most cohort studies make 
extensive efforts to include participants across a wide 
range of race/ethnic groups and across the socio­
economic continuum, there still may be some groups 
for which the association between dietary patterns and 
colorectal cancer risk cannot be reliably assessed and 
therefore conclusions cannot be drawn.  

'LHWDU\�3DWWHUQV�DQG�%UHDVW�&DQFHU� 
This systematic review included 25 prospective cohort 
studies and one RCT published since 2000 that 
examined the relationship between dietary patterns and 
risk of breast cancer.94, 101, 104, 110-131 The studies used 
multiple approaches to assess dietary patterns and 
cancer risk. Eight studies used indices/scores to assess 
dietary patterns, 13 studies used factor or principal 
components analysis, two used reduced rank 
regression, two made comparisons on the basis of 

animal product consumption, and one conducted an 
RCT of a low-fat dietary pattern. 

This moderate body of evidence encompassed a large 
diversity in methods to assess or determine dietary 
patterns, making comparison across studies 
challenging. Despite this variability, 17 of the included 
studies found statistically significant relationships 
between dietary patterns and breast cancer risk, 
particularly among certain groups of women. Because a 
variety of different methodologies were employed to 
derive dietary patterns, and the patterns, while similar 
in many respects, were composed of different 
combinations of foods and beverages, it was difficult to 
determine which patterns had the greatest impact on 
breast cancer risk reduction. 

The relationship between dietary patterns and breast 
cancer risk may be more consistent among 
postmenopausal women, but additional research is 
needed to explore the relationships for both pre- and 
post- menopausal cancer. Certain histopathologic and 
molecular phenotypes of breast cancer may be affected 
more by certain dietary patterns, but this has not yet 
been explored sufficiently. For example, limited studies 
to date suggest that estrogen or progesterone receptor 
status of breast cancers may define subgroups with 
unique dietary risk profiles, but no conclusions can be 
drawn at this time. More research is needed to explore 
other factors that may influence the relationship 
between dietary patterns during various stages of life 
and breast cancer risk, such as anthropometrics, BMI 
(including weight change over adulthood), physical 
activity, sedentary behavior, and reproductive history, 
including ages of menarche, age of menopause, parity, 
and breast feeding. 

'LHWDU\�3DWWHUQV�DQG�/XQJ�&DQFHU� 
This systematic review included three prospective 
cohort studies and one nested case-cohort study 
published since 2000 that examined the relationship 
between dietary patterns and risk of lung cancer.101, 104, 

132, 133 The studies used different methods to assess 
dietary patterns. Two studies used an index/score to 
measure adherence to a dietary pattern, one study 
derived dietary patterns using principal components 
analysis, and another based dietary patterns on 
participant reports of animal product intake. With only 
four relevant studies that used different approaches for 
assessing or determining dietary patterns, the evidence 
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available to examine the relationship between dietary 
patterns and risk of lung cancer is limited. 

'LHWDU\�3DWWHUQV�DQG�3URVWDWH�&DQFHU� 
This systematic review included seven prospective 
cohort studies (from six different cohorts) published 
since 2000 that examined the relationship between 
dietary patterns and risk of prostate cancer.101, 134-139 

The studies used different methods to assess dietary 
patterns. Three studies used index/scores to assess 
dietary patterns, two studies used factor analysis, one 
study used principle components analysis, and one 
made comparisons on the basis of animal product 
consumption. 

Most of the seven studies included in this systematic 
review did not detect clear or consistent relationships 
between dietary patterns and risk of prostate cancer, 
though one found that adherence to the Dietary 
Guidelines (assessed using the HEI-2005 and AHEI­
2010) was associated with a lower risk of prostate 
cancer, particularly among men who had a prostate-
specific antigen screening in the past 3 years. Because 
these studies used a range of different approaches for 
assessing dietary patterns in populations with variable 
cancer screening patterns, had heterogeneous prostate 
cancer outcome ascertainment, and were typically 
limited to dietary exposure late in life, the results were 
inconclusive regarding risk for clinically significant 
prostate cancer. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3344 

',(7$5<�3$77(516�$1'�&21*(1,7$/�
$120$/,(6� 

([LVWLQJ�(YLGHQFH�DURXQG�)RRGV�DQG�1XWULHQWV�
DQG�&RQJHQLWDO�$QRPDOLHV� 

It is well established that adequate folate status is 
critical for the prevention of neural tube defects, 
specifically anencephaly and spina bifida, as well as 
other birth defects.140 Folate is often described by its 
source��ZLWK�³folate´�UHIHUULQJ�WR�naturally occurring 
folate from food sources, and ³folic acid´ referring to 
the synthetic form used in dietary supplements and 
food fortification. After mandatory fortification of 
enriched cereal products with folic acid in 1998, serum 
folate concentrations in the U.S. population more than 

doubled, and rates of neural tube defects decreased by 
20 to 30 percent.141, 142 

Despite this decrease, nearly one fifth of females ages 
14 to 30 years do not meet the estimated average 
requirement for folate, the level deemed to be adequate 
for one half of healthy females in the age group.143 The 
current U.S. Preventive Services Task Force 
recommends that women capable of becoming pregnant 
should take 400 to 800 micrograms of folic acid daily 
from fortified food or supplements in addition to a 
healthy diet rich in food sources of folate and folic acid 
to reduce risk of neural tube and other birth defects.144 

Women with a history of a pregnancy affected by a 
neural tube defect or who are at high risk of neural tube 
defects require 4 milligrams of synthetic folic acid 
supplements daily under the supervision of a 
physician.145  Given the emphasis on a healthy diet, the 
DGAC was interested in understanding which dietary 
patterns, if any, were associated with a decreased risk 
of congenital anomalies among women of reproductive 
age. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ULVN�RI�FRQJHQLWDO� 
DQRPDOLHV"� 

Source of evidence: NEL systematic review 

&RQFOXVLRQ� 

Limited evidence suggests that healthy maternal dietary 
patterns during the preconception period that are higher 
in vegetables, fruits, and grains, and lower in red and 
processed meats, and low in sweets were associated 
with lower risk of developing of neural tube defects, 
particularly among women who do not take folic acid 
supplements. Whereas some dietary patterns were 
associated with lower risk of developing anencephaly, 
others were associated with lower risk of developing 
spina bifida. 

Evidence is insufficient to determine an association 
between maternal dietary patterns and congenital heart 
defects or cleft lip/palate. 

All studies were consistent in demonstrating that folic 
acid supplementation periconceptionally was associated 
with a decreased risk of having a child with a birth 
defect (e.g. neural tube defects, congenital heart 
defects, and cleft lip/palate). DGAC Grade: Neural 
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Tube Defects ± Limited; Congenital Heart Defects ± 
Grade not assignable; Cleft Lip/Palate ± Grade not 
assignable 

,PSOLFDWLRQV� 

Women of reproductive age should consume folic acid 
in the form of a supplement or through fortified foods 
in the range recommended by the U.S. Preventive 
Services Task Force (400 to 800 micrograms) in 
addition to consuming a diet rich in vegetables, fruits, 
and grains; lower in red and processed meats; and low 
in sweets. 

5HYLHZ�RI�WKH�(YLGHQFH� 

This series of systematic reviews included five case-
control studies (using data from three cohorts) 
published since 1980 that examined the relationship 
between maternal dietary patterns and congenital 
anomalies in infants.146-150 Three articles examined 
neural tube defects,146, 147, 149 two articles examined 
congenital heart defects,147, 150 and two articles 
examined orofacial clefts.146, 148 

Although all five case-control studies reported 
significant associations between dietary patterns and 
risk of congenital anomalies in women not taking folic 
acid supplementation, the variability of dietary patterns 
methodology used and composition of dietary patterns 
identified made it difficult to draw conclusions. All 
studies were consistent in finding that folate delivered 
periconceptionally in food or as a supplement as a key 
nutrient was associated with lower risk of developing 
congenital anomalies. It should be noted that some of 
the included studies were conducted in countries with 
mandatory folate fortification, while others were from 
countries that prohibit such fortification. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3356  

',(7$5<�3$77(516�$1'�
1(852/2*,&$/�$1'�36<&+2/2*,&$/�
,//1(66(6� 

([LVWLQJ�(YLGHQFH�DURXQG�)RRGV�DQG�1XWULHQWV�
DQG�1HXURORJLFDO�DQG�3V\FKRORJLFDO�,OOQHVVHV� 

Neuropsychological development and function is 
increasingly recognized as a high national priority for 
health promotion and chronic disease prevention. Two 
major components of neuropsychological function are 
cognition, the ability to reason, and mood, balanced and 
appropriate to enable optimal cognition. 

Nutrition for optimal neurodevelopment in very young 
children has long been a subject of research. The 2010 
DGAC concluded that moderate evidence supported a 
positive relationship between maternal dietary intakes 
of n-3 from seafood and improved cognitive ability in 
infants.151 The rising numbers of U.S. older adults and 
the potential human and financial cost of age-related 
cognitive impairmentV��VXFK�DV�$O]KHLPHU¶V�GLVHDVH�
and other dementias, also have helped drive national 
interest in chronic mental disease.152, 153 Separately, 
depression affected 8 percent of Americans for at least 
two weeks annually from 2007-2010, and of these, 80 
percent report functional impairment.154 Many 
preclinical and human studies have established 
relationships between traditional nutrients (e.g., omega­
3 fatty acids) and central nervous system composition 
and function. Studies appearing in the last few years 
reflect the increasing research interest in the links 
between diet and neurological health. 

The hypothesis that nutrition can reduce and/or play a 
role in the treatment of these mental diseases and their 
related burdens has been studied in relation to several 
nutrients and foods, including the B vitamins, vitamin 
E, and selenium.155, 156  The omega-3 fatty acids 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) are among the most studied nutrients for neural 
health, in part because DHA is a major component of 
the brain, specifically gray matter and its synapses, and 
the specialized light detecting cells of the retina. DHA, 
in particular, supports the amplitude and signaling 
speed of neural response. EPA has emerged as a 
nutrient with antidepressive properties and continued 
studies to define its role in prevention and therapy are 
underway. Sufficiently strong medical evidence has 
been obtained for EPA and DHA such that supplements 
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are now considered as complementary therapy for 
major depressive disorder by the American Psychiatric 
Association157 and more recent data from a meta-
analysis has found them effective.158 Before 2010, the 
number of published dietary pattern studies was small. 
However, a more substantial literature on dietary 
patterns and neuropsychological health has been 
published since 2010. The DGAC was therefore able to 
consider prevention of adult neuropsychological ill 
health for the first time. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ULVN�RI�QHXURORJLFDO�DQG� 
SV\FKRORJLFDO�LOOQHVVHV"� 

Source of evidence: NEL systematic review 

&RQFOXVLRQ� 

Limited evidence suggests that a dietary pattern 
containing an array of vegetables, fruits, nuts, legumes 
and seafood consumed during adulthood is associated 
with lower risk of age-related cognitive impairment, 
GHPHQWLD��DQG�RU�$O]KHLPHU¶V�GLVHDVH� Although the 
number of studies available on dietary patterns and 
neurodegenerative disease risk is expanding, this body 
of evidence, which is made up of high-quality 
observational studies, has appeared only in recent years 
and is rapidly developing. It employs a wide range of 
methodology in study design, definition and 
measurement ascertainment of cognitive outcomes, and 
dietary pattern assessment. DGAC Grade: Limited 

Limited evidence suggests that dietary patterns 
emphasizing seafood, vegetables, fruits, nuts, and 
legumes are associated with lower risk of depression in 
men and non-perinatal women. However, the body of 
evidence is primarily composed of observational 
studies and employs a range of methodology in study 
design, definition, and measurement of dietary patterns 
and ascertainment of depression/depressive signs and 
symptoms. Studies on dietary patterns in other 
populations, such as women in the post-partum period, 
children and adolescents, as well as those in various 
ethnic and cultural groups, are too limited to draw 
conclusions. DGAC Grade: Adults ± Limited; 
Children, adolescents, and women in the post­
partum period ± Grade not assignable  

,PSOLFDWLRQV� 

Dietary patterns emphasizing vegetables, fruits, 
seafood, legumes and nuts similar to those that achieve 
chronic disease risk reduction are consistent with 
maintaining neurocognitive health, including cognitive 
ability in healthy aging, and balanced mood. 

5HYLHZ�RI�WKH�(YLGHQFH� 

'LHWDU\�3DWWHUQV�DQG�&RJQLWLYH�,PSDLUPHQW�� 
'HPHQWLD��DQG�$O]KHLPHU¶V�'LVHDVH�
This systematic review includes 30 articles (two 
articles analyzed data taken from RCTs and 28 articles 
used data from prospective cohort studies) published 
since 1980 (with all but two published since 2008) that 
examined the relationship between dietary patterns and 
age-related cognitive impairment, dementia, and/or 
$O]KHLPHU¶V�GLVHDVH�159-188 Twenty of the articles 
included in this review assessed the relationship 
between dietary patterns and cognitive impairment, 10 
articles examined cognitive impairment or dementia, 
DQG�HLJKW�DUWLFOHV�ORRNHG�DW�$O]KHLPHU¶V�GLVease. 

The articles used several different methods to assess 
dietary patterns. Two articles analyzed data from RCTs 
that tested or described dietary patterns, 23 articles 
used indices/scores to assess dietary patterns quality or 
adherence, three articles used data-driven methods, and 
three used reduced rank regression. Most (18 of 28) 
articles found an association between dietary patterns 
and age-related cognitive impairment, dementia, and/or 
$O]KHLPHU¶V�GLVHDVH��'HVSLWH�VRPH�KHWHURJHQHLW\�LQ�
this body of evidence, some common elements of 
dietary patterns were associated with measures of 
FRJQLWLYH�LPSDLUPHQW��GHPHQWLD��DQG�RU�$O]KHLPHU¶V�
disease: 

x	 Patterns higher in vegetables, fruits, nuts, 
legumes, and seafood were generally 
associated with reduced risk of age-related 
cognitive impairment, dementia, and/or 
$O]KHLPHU¶V�GLVHDVH. 

x	 Patterns higher in red and/or processed meats 
were generally associated with greater age-
related cognitive impairment. Relatively few 
studies reported on refined sugar and added 
salt, and patterns including these nutrients 
tended to report greater cognitive impairment. 
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Although some studies included participants from a 
range of race/ethnic and socioeconomic groups, the 
results are most applicable to the general healthy aging 
population. In addition, dietary patterns were derived 
using dietary intake measured at baseline only, and 
therefore, may not reflect patterns consumed 
throughout relevant periods of life before enrollment in 
the study, or changes in intake that may have occurred 
over the duration of the study. Similarly, several 
studies measured cognitive function only at a single 
time point (follow-up), and therefore, could not assess 
change in cognitive function over time. Finally, though 
these studies controlled for a number of confounders, 
not all apparently relevant potential confounders were 
adjusted for (e.g., existing or family history of 
FRJQLWLYH�GHFOLQH��GHPHQWLD��RU�$O]KHLPHU¶V�GLVHDVH; 
baseline health status; changes in dietary intake over 
time) and, as with all association studies, residual 
confounding is possible. 

'LHWDU\�3DWWHUQV�DQG�'HSUHVVLRQ� 
This systematic review includes nineteen articles (17 
from prospective cohort studies, and 2 using data from 
RCTs) published since 1980 (all of which were 
published since 2008) that assessed the relationship 
between dietary patterns and depression.175, 182, 189-205 

The articles used several different methods to assess 
dietary patterns. Two studies tested the effects of 
dietary patterns as part of an RCT, six articles used 
indices/scores to assess dietary patterns, 10 articles 
used data-driven methods, and one used reduced rank 
regression. Despite methodological and outcome 
heterogeneity in this body of evidence, some protective 
dietary patterns emerged: 

x Patterns emphasizing seafood, vegetables, 
fruits, and nuts, were generally associated with 
reduced risk of depression. 

x Patterns emphasizing red and processed meats 
and refined sugar were generally associated 
with increased risk of depression. 

This body of evidence did have several limitations. 
There was considerable variability in how the outcome 
of depression was assessed, with some studies using 
various depression scales, some using physician 
diagnosis/hospital discharge records, and others using 
proxies such as use of depression medication. Although 
most studies make extensive efforts to include 
participants across a wide range of race/ethnic groups 

208 

and across the socio-economic continuum, there still 
may be some subgroups for which the association 
between dietary patterns and depression risk cannot be 
reliably assessed and therefore conclusions cannot be 
drawn for them. Research is needed to determine 
whether dietary patterns are associated with risk of 
depression in particularly vulnerable subgroups, 
specifically children, adolescents, young adults, and 
women during the post-partum period. Additional 
limitations within this body of evidence make it 
difficult to draw stronger conclusions, including 
assessment of dietary patterns and depression outcomes 
at a single point in time, potential for residual 
confounding despite adjustment for a number of 
factors, and few studies conducted in U.S.-based 
populations. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3352 

',(7$5<�3$77(516�$1'�%21(�+($/7+� 

([LVWLQJ�(YLGHQFH�DURXQG�)RRGV�DQG�1XWULHQWV�
DQG�%RQH�+HDOWK� 

Low bone mineral density and osteoporosis are 
common in the United States, particularly in older 
adults, and its contribution to disability and cost to the 
health care system continues to rise in parallel to longer 
life expectancy. As described in Part D. Chapter 1:
Food and Nutrient Intakes, and Health: Current 
Status and Trends, more than half of women ages 60 
to 69 years have low bone mass and approximately 12 
percent meet established criteria for osteoporosis. The 
prevalence of osteoporosis increases with age; about 
one-quarter of women ages 70 to 79 years and about 
one-third of women older than age 80 years have 
osteoporosis. Low bone mass is less common in older 
men but is increasingly recognized. Among U.S. men 
ages 60 to 69 years, about a third have low bone mass 
and this increases to about 40 percent and slightly more 
than 50 percent for men ages 70 to 79 years and 80 
years and older, respectively. 

Poor bone health and osteoporotic fractures are a major 
cause of morbidity and mortality in the elderly and 
account for significant health care costs. Understanding 
the extent to which dietary factors can help improve 
bone health and reduce the incidence of fractures across 
all segments of the population, particularly in the 
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elderly, is important for the health and well-being of 
the nation. 

The most critical nutrients for healthy bone are 
calcium, vitamin D, and phosphorous. As part of their 
2011 report on Calcium and Vitamin D, the Institute of 
Medicine extensively reviewed the available data and 
updated the Dietary Reference Intakes (DRIs) for 
calcium and vitamin D for men and women across life 
stages.206 The new reference values were based upon a 
strong body of evidence regarding bone growth and 
maintenance. At the time of the report, these bone 
health outcomes (in particular bone mass [bone mineral 
content]) were the only indicators on which there was 
sufficient scientific evidence to define DRIs; a 
thorough review of other outcomes (bone mineral 
density, risk of fractures, and osteoporosis) provided 
mixed and inconclusive results, and thus did not inform 
the DRIs. Part D. Chapter 1: Food and Nutrient 
Intakes, and Health: Current Status and Trends of 
this DGAC report concluded that calcium and vitamin 
D were shortfall nutrients of public health concern. The 
estimated low levels of intake in various age and sex 
groups place many at risk for suboptimal bone health. 
The DGAC asked additional questions regarding bone 
health that went beyond those relating to the role of 
specific and well-known nutrients on bone remodeling. 
Specifically, the DGAC considered the influence of 
dietary patterns and their relationship to bone health 
and specific bone health outcomes across the lifespan, 
including bone density and fractures. This approach 
enabled the DGAC to consider the relationship between 
the total diet and its component foods and nutrients, 
acting in combination, on bone health outcomes. This 
section reviews this evidence and forms the basis for 
the DGAC recommendation for action at individual and 
population level as well as its research 
recommendations.  

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
GLHWDU\�SDWWHUQV�DQG�ERQH�KHDOWK"� 

Source of evidence: NEL systematic review 

&RQFOXVLRQ� 

Limited evidence suggests that a dietary pattern higher 
in vegetables, fruits, grains, nuts, and dairy products, 
and lower in meats and saturated fat, is associated with 
more favorable bone health outcomes in adults, 
including decreased risk of fracture and osteoporosis, 

as well as improved bone mineral density. Although a 
growing number of studies are examining the 
relationship between dietary patterns and bone health in 
adults, the number of high-quality studies is modest 
and those available employ a wide range of 
methodologies in study design, dietary assessment 
techniques, and varying bone health outcomes.  

Definitive conclusions regarding the relationship 
between dietary patterns and bone health outcomes 
(bone mineral density and bone mineral content) in 
children and adolescents cannot be drawn due to the 
limited evidence from a small number of studies with 
wide variation in study design, dietary assessment 
methodology, and bone health outcomes. DGAC 
Grade: Adults ± Limited; Children and Adolescents 
- Grade not assignable 

,PSOLFDWLRQV� 

Only limited evidence is available on the relationships 
between dietary patterns and bone health outcomes in 
adults and other age groups. Although there is strong 
evidence on the roles of vitamin D and calcium in bone 
health across the age spectrum, further research is 
needed on dietary patterns that are most beneficial.  

5HYLHZ�RI�WKH�(YLGHQFH� 

This systematic review included two articles that used 
data from RCTs and 11 articles from prospective 
cohort studies published since 2000 that examined the 
relationship between dietary patterns and bone 
health.207-219 

The articles employ diverse methodologies to assess 
dietary patterns. Four articles used an index or score, 
six articles used factor analysis/principal components 
analysis, two articles used reduced rank regression, and 
two articles tested dietary patterns in an intervention 
study where bone health or fractures were either 
secondary or tertiary trial outcomes. Seven studies 
assessed risk of fracture, six studies assessed bone 
mineral density, bone mineral content, or bone mass, 
and one study examined risk of osteoporosis. The 
dietary patterns examined in this systematic review 
were defined in various ways, making comparisons 
between articles difficult. However, despite 
heterogeneity in this body of evidence, some common 
characteristics of dietary patterns associated with better 
or adverse bone health outcomes emerged, particularly 
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in articles where patterns were defined by index or 
score. Articles using data-driven methods were less 
consistent. The following overall conclusions can be 
drawn: 

x Patterns emphasizing vegetables, fruits, 
legumes, nuts, dairy, and 
cereals/grains/pasta/rice, and unsaturated fats 
were generally associated with more favorable 
bone health outcomes. 

x Patterns higher in meats and saturated fats were 
generally associated with increased risk of 
adverse bone health outcomes. 

x Results were far less consistent for added 
sugars, alcohol, and sodium in relation to bone 
health.  

Although many cohort studies make extensive efforts 
to include participants across a wide range of 
race/ethnic groups and across the socio-economic 
continuum, there still may be some groups for which 
the association between dietary patterns and bone 
health cannot yet be determined (i.e., children, 
adolescents). 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3360 

&+$37(5�6800$5<� 

The dietary patterns approach captures the relationship 
between the overall diet and its constituent foods, 
beverages, and nutrients in relationship to outcomes of 
interest. Numerous dietary patterns were identified, 
with the most common ones defined using indices or 
scores such as the HEI-2010, the AHEI-2010, or 
various Mediterranean-style dietary patterns, the 
DASH pattern, vegetarian patterns, and data-driven 
approaches.  

7KH�&RPPLWWHH¶V�H[DPLQDWLRQ�RI�WKH�DVVRFLDWLRQ�
between dietary patterns and various health outcomes 
revealed remarkable consistency in the findings and 
implications that are noteworthy. When looking at the 
dietary pattern conclusion statements across the various 
health outcomes, certain characteristics of the diet were 
consistently identified (see Table D2.3). Common 
characteristics of dietary patterns associated with 
positive health outcomes include higher intake of 
vegetables, fruits, whole grains, low- or non-fat dairy, 

seafood, legumes, and nuts; moderate intake of alcohol 
(among adults); lower consumption of red and 
processed meat, and low intake of sugar-sweetened 
foods and drinks, and refined grains. Vegetables and 
fruits are the only characteristics of the diet that were 
consistently identified in every conclusion statement 
across the health outcomes. Whole grains were 
identified slightly less consistently compared to 
vegetables and fruits, but were identified in every 
conclusion with moderate to strong evidence. For 
studies with limited evidence, grains were not as 
consistently defined and/or they were not identified as 
a key characteristic. Low- or non-fat dairy, seafood, 
legumes, nuts, and alcohol were identified as beneficial 
characteristics of the diet for some, but not all, 
outcomes. For conclusions with moderate to strong 
evidence, higher intake of red and processed meats was 
identified as detrimental compared to lower intake. 
Higher consumption of sugar-sweetened foods and 
beverages as well as refined grains were identified as 
detrimental in almost all conclusion statements with 
moderate to strong evidence.  

2015 Dietary Guidelines Advisory Committee Report 210 

http://NEL.gov/topic.cfm?cat=3360


 
 

  
  

 
 

 
  

   
     

     
 

 
 

 
 
 
 

 

     
    

   
 

   
     

 
       

 
 
 

 
 

 
 
 

 

    
   

 
 

   
 
 

    
  

 

 
  

 
  

 
 

      
   

   
 

 

  
 
 

  

  
 

   
   

 
 

  
 

 
 

  
     

 

2015 D
ietary G

uidelines A
dvisory C

om
m

ittee R
eport 

Table D2.3��'HVFULSWLRQ�RI�WKH�GLHWDU\�SDWWHUQV�KLJKOLJKWHG�LQ�WKH�'*$&¶V�&RQFOXVLRQ�6WDWHPHQWV�WKDW�DUH�DVVRFLDWHG�ZLWK�EHQHILW�UHODWHd to the 
health outcome of interest. (Note: The reader is directed to the full Conclusion Statement above for more information on the relationship between dietary patterns and the 
health outcome. In some cases, dietary components were associated with increased health risk and this is noted in the table.) 

Health DGAC Gradea 

Outcome 
Cardiovascular Strong 
disease 

Measures of Moderate 
body weight or 
obesity 

Limited 

Type 2 diabetes Moderate 

Cancer Moderate 

Moderate (post) 
/ Limited (pre) 

Limited 

Not assignable 
Congenital Limited ± 
anomalies Neural tube 

defects 

Not assignable 
Neurological Limited 
and 
psychological 
illnesses Limited 
Bone health Limited 

Not assignable 

Description of the Dietary Pattern Associated with Beneficial Health Outcomes 

Dietary patterns characterized by higher consumption of vegetables, fruits, whole grains, low-fat dairy, and seafood, and lower consumption 
 
of red and processed meat, and lower intakes of refined grains, and sugar-sweetened foods and beverages relative to less healthy patterns; 
 
regular consumption of nuts and legumes; moderate consumption of alcohol; lower in saturated fat, cholesterol, and sodium and richer in 

fiber, potassium, and unsaturated fats. 

Dietary patterns that are higher in vegetables, fruits, and whole grains; include seafood and legumes; are moderate in dairy products
 
(particularly low and non-fat dairy) and alcohol; lower in meats (including red and processed meats), and low in sugar-sweetened foods 
 
and beverages, and refined grains; higher intakes of unsaturated fats and lower intakes of saturated fats, cholesterol, and sodium. 


Dietary patterns in childhood or adolescence that are higher in energy-dense and low-fiber foods, such as sweets, refined grains, and 
 

processed meats, as well as sugar-sweetened beverages, whole milk, fried potatoes, certain fats and oils, and fast foods are associated with
 
an increased risk.
 
Dietary patterns higher in vegetables, fruits, and whole grains and lower in red and processed meats, high-fat dairy products, refined grains, 
 
and sweets/sugar-sweetened beverages.
 
Colon/Rectal Cancer: Dietary patterns that are higher in vegetables, fruits, legumes, whole grains, lean meats/seafood, and low-fat dairy and 
 

moderate in alcohol; and low in red and/or processed meats, saturated fat, and sodas/sweets. (Conversely, diets that are higher in
 
red/processed meats, French fries/potatoes, and sources of sugars (i.e., sodas, sweets, and dessert foods) are associated with a greater risk.) 
 


Breast Cancer: Dietary patterns rich in vegetables, fruit, and whole grains, and lower in animal products and refined carbohydrate. 

Lung Cancer: Dietary patterns containing more frequent servings of vegetables, fruits, seafood, grains/cereals, and legumes, and lean versus
 
 
higher fat meats and lower fat or non-fat dairy products. 

Prostate Cancer: N/A 
Neural tube defects: Dietary patterns during the preconception period that are higher in vegetables, fruits, and grains, and lower in red and 
processed meats, and low in sweets. 

Congenital heart defects or cleft lip/palate: N/A 
Age-UHODWHG�FRJQLWLYH�LPSDLUPHQW��GHPHQWLD��DQG�RU�$O]KHLPHU¶V�GLVHDVH��'LHWDU\�SDWWHUQV�FRQWDLQLQJ�DQ�DUUD\�RI�vegetables, fruits, nuts, 
legumes and seafood. 

Depression: Dietary patterns emphasizing seafood, vegetables, fruits, nuts, and legumes.
 
 
Adults: Dietary patterns higher in vegetables, fruits, grains, nuts, and dairy products, and lower in meats and saturated fat. 


Children: N/A 

a The DGAC Grade presented represents the grade the Committee provided for the conclusion statement with the dietary pattern components described. Some health outcomes had 
more than one graded conclusion. Only the conclusion statements that describe dietary pattern components are presented here. Post = Post-menopausal; Pre = Pre-menopausal 
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As alcohol is a unique aspect of the diet, the DGAC 
considered evidence from several sources to inform 
recommendations. As noted above, moderate alcohol 
intake among adults was identified as a component of a 
healthy dietary pattern associated with some health 
outcomes, which reaffirms conclusions related to 
moderate alcohol consumption by the 2010 DGAC. 
The Committee also concurs with the conclusions 
reached by the 2010 DGAC on the relationship 
between alcohol intake and unintentional injury and 
lactation.1 However, as noted in Table D2.1, evidence 
also suggests that alcoholic drinks are associated with 
increased risk for certain cancers, including pre- and 
post-menopausal breast cancer. After consideration of 
this collective evidence, the Committee concurs with 
the 2010 DGAC that if alcohol is consumed, it should 
be consumed in moderation, and only by adults. 
However, it is not recommended that anyone begin 
drinking or drink more frequently on the basis of 
potential health benefits because moderate alcohol 
intake also is associated with increased risk of violence, 
drowning, and injuries from falls and motor vehicle 
crashes. Women should be aware of a moderately 
increased risk of breast cancer even with moderate 
alcohol intake. There are many circumstances in which 
people should not drink alcohol:  
x Individuals who cannot restrict their drinking 

to moderate levels. 
x Anyone younger than the legal drinking age. 
x Women who are pregnant or who may be 

pregnant.  
x Individuals taking prescription or over-the­

counter medications that can interact with 
alcohol.  

x Individuals with certain specific medical 
conditions (e.g., liver disease, 
hypertriglyceridemia, pancreatitis).  

x Individuals who plan to drive, operate 
machinery, or take part in other activities that 
require attention, skill, or coordination or in 
situations where impaired judgment could 
cause injury or death (e.g., swimming). 

Finally, because of the substantial evidence clearly 
demonstrating the health benefits of breastfeeding, 
occasionally consuming an alcoholic drink does not 
warrant stopping breastfeeding. However, women who 

are breastfeeding should be very cautious about 
drinking alcohol, if they choose to drink at all.§§ 

The common characteristics of a healthy dietary pattern 
found in the conclusion statements across the outcomes 
examined implies that following a dietary pattern 
associated with reduced risk of CVD, overweight, and 
obesity will have positive health benefits beyond these 
categories of health outcomes. Thus, the U.S. 
population should be encouraged and guided to 
consume dietary patterns that are rich in vegetables, 
fruits, whole grains, seafood, legumes, and nuts; 
moderate in low- and non-fat dairy products and 
alcohol (among adults); lower in red and processed 
meat; and low in sugar-sweetened foods and beverages 
and refined grains. These dietary patterns can be 
achieved in many ways and should be tailored to the 
iQGLYLGXDO¶V�ELRORJLFDO and medical needs as well as 
socio-cultural preferences. As described in the DGAC¶V
conceptual model, a multi-level process at individual 
and population levels is required to help achieve a 
healthy diet and other lifestyle behaviors so as to 
achieve chronic disease risk reduction and overall well­
being. The Committee recommends the development 
and implementation of programs and services that 
facilitate the improvement in eating behaviors 
consistent with healthy dietary patterns in various 
settings, including preventive services in our healthcare 
and public health systems as well as those that reach 
populations in other settings of influence such as 
preschool and school settings and workplaces. 

The dietary pattern characteristics being recommended 
by the 2015 DGAC reaffirms the dietary pattern 
characteristics recommended by the 2010 DGAC, 
despite the fact that different approaches were 
employed. Additionally, this dietary pattern aligns with 
recommendations from other groups, including AICR 
and AHA/ACC. The majority of evidence considered 
focuses on dietary patterns consumed in adulthood on 
health risks, primarily risks of chronic disease 
development and, in the case of pregnancy, birth 
defects. Very little evidence considered here was 

§§ ,I�WKH�LQIDQW¶V�EUHDVWIHHGLQJ�EHKDYLRU�LV�ZHOO�HVWDEOLVKHG��
consistent, and predictable (no earlier than at 3 months of 
age), a mother may consume a single alcoholic drink if she 
then waits at least 4 hours before breastfeeding. 
Alternatively, she may express breast milk before consuming 
the drink and feed the expressed milk to her infant later. 
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directed to dietary patterns in children, and risk 
UHGXFWLRQ�VWXGLHV�HYDOXDWLQJ�FKLOGUHQ¶V�GLHWV�DQG�ULVN�RI�
overweight and obesity provided limited evidence. No 
conclusions on chronic disease apply directly to 
evidence developed in children. Recommendations 
based on adult studies have implications for children 
based on general nutritional principles but caution is 
warranted, considering the fact that children with 
developing bodies and neurocognitive capabilities 
present unique nutritional issues. 

1(('6�)25�)8785(�5(6($5&+� 

1.		 Conduct additional dietary patterns research for 
other health outcomes to strengthen the evidence 
beyond CVD and body weight in populations of 
various ethnic backgrounds and life course stages 
in order for future DGACs to draw stronger 
conclusions. 

Rationale: The NEL systematic reviews 
demonstrated that considerable CVD research 
related to dietary patterns is available. However, it 
also is important to note, that unlike CVD, some of 
the other health outcomes are more heterogeneous 
and thus may require greater specificity in the 
examination of diet and disease risk. There is a 
clear need for all studies examining the relationship 
between dietary patterns and health outcomes to 
include the full age spectrum and to take a life 
course perspective (including pregnancy); 
insufficient research is being devoted to children 
and how diseases may evolve over time. An 
increased emphasis should be placed on 
understanding how the diets of all those in the U.S. 
population from various ethnic backgrounds may 
be associated with health outcomes, thereby 
broadening knowledge beyond Hispanics and 
African Americans to include the diversity that 
exists in the United States today. This may require 
our national nutrition monitoring programs to over­
sample individuals from other national origins to 
conduct subgroup analysis. 

2.	  Improve the understanding of how to more 
precisely characterize dietary patterns by their food 
constituents and the implications of the food 
constituents on nutrient adequacy through the use 
of Food Pattern Modeling. More precise 

characterization, particularly of protein foods, is 
needed. 

Rationale: Researchers are characterizing dietary 
patterns very differently and yet sometimes use 
similar nomenclatures. This makes it difficult to 
compare results across studies and as demonstrated 
in the NEL systematic reviews, can impair the 
grading of the body of evidence as strong. The 
reason why researchers are not replicating others 
findings in different populations may be a function 
of publication bias. It is important for editors of 
scientific journals and peer reviewers to appreciate 
the replication of findings first and then value a 
UHVHDUFK�JURXS¶V�PHWKRGRORJLFDO�QXance that may 
improve the examination of the association 
between dietary patterns and health outcomes. 
Perhaps what should be stressed is a harmonization 
of research methods across various cohorts or 
randomized trials, similar to what is being done at 
the 1DWLRQDO�&DQFHU�,QVWLWXWH¶V�'LHWDU\�3DWWHUQV�
Methods Project9, 220 led by Drs. Krebs-Smith and 
Reedy. The use of Food Pattern Modeling as 
demonstrated in Part D. Chapter 1: Food and 
Nutrient Intakes, and Health: Current Status and 
Trends allows questions about the adequacy of the 
dietary patterns given specific food constituents to 
be addressed and how modifications of the patterns 
by altering the foods for specific population groups 
or to meet specific nutrient targets can be achieved. 

3.  Examine the long-term cardio-metabolic effects of 
the various dietary patterns identified in the 
AHA/ACC/TOS Guidelines for the Management of 
Overweight and Obesity in Adults that are capable 
of resulting in short-term weight loss (see Question 
2, above). 

Rationale: Although the research to date 
demonstrates that to lose weight, a variety of 
dietary pattern approaches can be used if a 
reduction in caloric intake is achieved, the long­
term effects of these diets on cardio-metabolic 
health are not well known. Emerging research is 
exploring health effects of variations of the low-
carbohydrate, higher protein/fat dietary pattern. In 
some approaches (such as Atkins), the dietary 
pattern which emphasizes animal products, may 
achieve a macronutrient composition that is higher 
in saturated fat. Others may emphasize plant-based 
proteins and fats and may achieve a lower saturated 
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fat content and may be higher in polyunsaturated 5. 
fats and dietary fiber. Research is needed to 
determine the impact of these alternative 
approaches, and perhaps others, on CVD risk 
profiles as well as other health outcomes. As 
mentioned in the review of the literature associated 
with saturated fat and cardiovascular disease in 6. 
Part D. Chapter 6: Cross-Cutting Topics of Public 
Health Importance, substituting one macronutrient 
for another may result in unintended consequences. 
Careful consideration to the types of foods that are 
used in these diets and in particular the type of fat 
and amount of added sugars should be taken into 
account.  
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Table D2.1. AHA/ACC/TOS Guideline for the Management of Overweight and Obesity in Adults, 2013. 

Critical Question 4a. Among overweight and obese adults, what is the efficacy/effectiveness of a comprehensive lifestyle intervention program (i.e., comprised of

diet, physical activity, and behavior therapy) in facilitating weight loss or maintenance of lost weight?

Critical Question 4b. What characteristics of delivering comprehensive lifestyle interventions (e.g., frequency and duration of treatment, individual versus group 

sessions, onsite versus telephone/email contact) are associated with greater weight loss or weight loss maintenance?
 


Included Intervention/Question  Studies Evidence Statement (Strength of Evidence)  

3.4.1. Description of the Diet, Physical 
Activity, and Behavior Therapy 
Components in High-Intensity, Onsite 
Lifestyle  Interventions 

3.4.2. Comprehensive Interventions 
Compared with Usual Care, Minimal Care, 
or No-Treatment Control 

3.4.3. Efficacy/Effectiveness of
Electronically Delivered, Comprehensive
Interventions in Achieving Weight Loss 
Evidence Statement 

12 RCTs 

15 RCTs 

13 RCTs 

ES1. The principal components of an effective high-intensity, on-site comprehensive-lifestyle intervention 
include: 1) prescription of a moderately-reduced calorie diet; 2) a program of increased physical activity; 
and 3) the use of behavioral strategies to facilitate adherence to diet and activity recommendations. (High) 

ES 2a (Short-Term Weight Loss). In overweight and obese individuals in whom weight loss is indicated 
and who wish to lose weight, comprehensive lifestyle interventions consisting of diet, physical activity, 
and behavior therapy (all 3 components) produce average weight losses of up to 8 kg in 6 months of
frequent (i.e., initially weekly), onsite treatment provided by a trained interventionist in group or individual 
sessions. Such losses (which can approximate reductions of 5% to 10% of initial weight) are greater than 
those produced by usual care (i.e., characterized by the limited provision of advice or educational 
materials). Comparable 6-month weight losses have been observed in treatment comparison studies of
comprehensive lifestyle interventions, which did not include a usual care group. (High) 
ES 2b (Intermediate-Term Weight Loss). Longer-term comprehensive lifestyle interventions, which 
additionally provide weekly to monthly on-site treatment for another 6 months, produce average weight 
losses of up to 8 kg at 1 year, losses which are greater than those resulting from usual care. Comparable 1­
year weight losses have been observed in treatment comparison studies of comprehensive lifestyle 
interventions, which did not include a usual care group. (Moderate) 
ES 2c (Long-Term Weight Loss). Comprehensive lifestyle interventions which, after the first year, 
continue to provide bimonthly or more frequent intervention contacts, are associated with gradual weight 
regain of 1 to 2 kg/year (on average), from the weight loss achieved at 6 to 12 months. Long-term (>1
year) weight losses, however, remain larger than those associated with usual care. Comparable findings 
have been observed in treatment comparison studies of comprehensive lifestyle interventions, which did 
not include a usual care group. (High) 
ES 3. Electronically delivered, comprehensive weight loss interventions developed in academic settings, 
which include frequent self-monitoring of weight, food intake, and physical activity²as well as 
personalized feedback from a trained interventionist²can produce weight loss of up to 5 kg at 6 to 12 
months, a loss which is greater than that resulting from no or minimal intervention (i.e., primarily
knowledge based) offered on the internet or in print. (Moderate) 
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Comprehensive Lifestyle Interventions in
Maintaining Lost Weight duration of weight loss maintenance programs has not been determined. (Moderate) 

ES 8b. 35% to 60% of overweight/obese adults who participate in a high intensity long-term
FRPSUHKHQVLYH�OLIHVW\OH�LQWHUYHQWLRQ�PDLQWDLQ�D�ORVV�RI�����RI�LQLWLDO�ERG\�ZHLJKW�DW����\HDU¶V�IROORZ-up
(post-randomization). (Moderate) 

Table D2.1. continued. 

3.4.4. Efficacy/Effectiveness of ES 4. In comprehensive lifestyle interventions that are delivered by telephone or face-to-face counseling, 
Comprehensive, Telephone-Delivered and which also include the use of either commercially-prepared prepackaged meals or an interactive web 
Lifestyle Interventions in Achieving 3 RCTs based program, the telephone delivered and face-to-face delivered interventions produced similar mean net 
Weight Loss weight losses of approximately 5 kg at 6 months and 24 months, compared with a usual care control group. 

(Low) 
3.4.5. Efficacy/Effectiveness of ES 5. In studies to date, low to moderate-intensity lifestyle interventions for weight loss provided to 
Comprehensive Weight Loss Programs in overweight or obese adults by primary care practices alone, have not been shown to be effective. (Low)4 RCTs Patients Within a Primary Care Practice 
Setting Compared With Usual Care 
3.4.6. Efficacy/Effectiveness of ES 6. Commercial-based, comprehensive weight loss interventions that are delivered in person have been 
Commercial-Based, Comprehensive shown to induce an average weight loss of 4.8 kg to 6.6 kg at 6 months in 2 trials when conventional foods 4 RCTs Lifestyle Interventions in Achieving	 	 are consumed and 6.6 kg to 10.1 kg at 12 months in 2 trials with provision of prepared food, losses that are 
Weight Loss 	 	 greater than those produced by minimal-treatment control interventions. (Low) 

ES 7a. Comprehensive, high intensity on-site lifestyle interventions that include a medically supervised
very low-calorie diet (often defined as <800 kcal/day), as provided by complete meal replacement 
products, produce total weight loss of approximately 14.2 kg to 21 kg over 11 to 14 weeks, which is larger 
than that produced by no intervention or a usual care control group (i.e., advice and education only). (High) 3.4.7. Efficacy/Effectiveness of Very Low- ES 7b. Following the cessation of a high intensity lifestyle intervention with a medically supervised very­Calorie Diets, as Used as Part of a 4 RCTs 	 low calorie diet of 11 to 14 weeks, weight regain of 3.1 kg to 3.7 kg has been observed during the ensuing Comprehensive Lifestyle Intervention, in 21 to 38 weeks of non-intervention follow-up. (High) Achieving Weight Loss ES 7c. The prescription of various types (resistance or aerobic training) and doses of moderate intensity
exercise training (e.g., brisk walking 135 to 250 minutes/week), delivered in conjunction with weight loss
maintenance therapy does not reduce the amount of weight regained after the cessation of the very-low 
calorie diet, as compared with weight loss maintenance therapy alone. (Low) 
ES 8a. After initial weight loss, some weight regain can be expected, on average, with greater regain
observed over longer periods of time. Continued provision of a comprehensive weight loss maintenance 
program (onsite or by telephone), for periods of up to 2.5 years following initial weight loss, reduces 3.4.8. Efficacy/Effectiveness of weight regain, as compared to the provision of minimal intervention (e.g., usual care). The optimal 14 RCTs 
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Table D2.1. continued. 

3.4.9. Characteristics of Lifestyle 
Intervention Delivery That May Affect 
Weight Loss: Intervention 

3.4.10. Characteristics of Lifestyle 
Intervention Delivery That May Affect 
Weight Loss or Weight 
3.4.11. Characteristics of Lifestyle 
Intervention Delivery That May Affect 
Weight Loss or Weight Loss Maintenance: 
Onsite Versus Electronically Delivered 
Interventions 

ES 9a (Moderate-Intensity Interventions). Moderate intensity, on-site comprehensive lifestyle 
interventions, which provide an average of 1 to 2 treatment sessions per month typically produce mean
weight losses of 2 kg to 4 kg in 6 to 12 months, losses which generally are greater than those produced by
usual care (i.e., minimal intervention control group). (High) 
ES 9b (Low-intensity Interventions). Low intensity, on-site comprehensive lifestyle interventions, which 

10 RCTs 	 provide fewer than monthly treatment sessions do not consistently produce weight loss when compared to 
usual care. (Moderate) 
ES 9c (Effect of intervention intensity). When weight loss with each intervention intensity (i.e., low, 
moderate, and high) is compared to usual care, high-LQWHQVLW\�OLIHVW\OH�LQWHUYHQWLRQV������VHVVLRQV�LQ���
months) typically produce greater net-of-control weight losses than low-to-moderate intensity
interventions. (Moderate) 
ES 10. There do not appear to be substantial differences in the size of the weight losses produced by 

15 RCTs 	 individual- and group-based sessions in high-intensity, comprehensive lifestyle intervention delivered on 
site by a trained interventionist. (Low) 
ES 11. Weight losses observed in comprehensive lifestyle interventions, which are delivered onsite by a 
trained interventionist in initially weekly and then biweekly group or individual sessions, are generally 
greater than weight losses observed in comprehensive interventions that are delivered by Internet or email 
and which include feedback from a trained interventionist. (Low) 
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Individual behavior change lies at the inner core of the 
social-ecological model that forms the basis of the 
2015 Dietary Guidelines for American Advisory
Committee (DGAC) conceptual model (see Part B. 
Chapter 2: 2015 DGAC Themes and 
Recommendations: Integrating the Evidence). For this 
reason, it is crucial to identify the behavioral strategies
that individuals living in the United States can follow
to improve their healthy lifestyle behaviors as well as
the key contextual factors that facilitate the ability of 
individuals to consume healthy diets. 

In the past, American families seldom consumed food 
prepared outside their homes and, for the most part, 
consumed their meals as a family unit. However, these 
behaviors have changed dramatically in recent years.
Today, 33 percent of calories are consumed outside the 
home and it is becoming more common for individuals
to eat alone and to bring meals prepared outside into 
their homes (see Part D. Chapter 1: Food and 
Nutrient Intakes, and Health: Current Status and
Trends). Eating away from home is associated with 
increased caloric intake and poorer dietary quality
compared to eating at home.1 As recognized by the 
2010 DGAC these major changes in eating behaviors
can be expected to have a negative impact on the
quality of the diets consumed and the risk of obesity
among the U.S. population.2 

Other individual lifestyle behaviors related to dietary 
intakes and obesity risk also have changed in recent 
decades. The U.S. population has become increasingly
sedentary,3 with daily hours of screen time exposure 
becoming a serious public health concern due to its 
potential negative influence on dietary and weight 
outcomes. For example, it has been hypothesized that 
TV viewing time has a negative influence on dietary
habits of individuals because of unhealthy snacking
while watching TV and through exposure to 
advertisements of unhealthy food products.4 In turn, 
excess caloric intake coupled with sedentary time
directly resulting from excessive TV may increase the 

risk of obesity. Suboptimal sleep patterns associated 
ZLWK�WRGD\¶V�EXV\�OLYHV�DOVR�KDYH�EHHQ�LGHQWLILHG�DV�D�
potential risk factor for poor dietary behaviors and
body weight outcomes.5 

In response to these trends, interest has grown in the 
potential of behavioral strategies that individuals can 
use to improve their dietary behaviors. Specifically, 
self-monitoring of diet, physical activity, and body
weight has been identified as a potential key
component of successful healthy lifestyle
interventions.6 Diet self-monitoring may, in turn, be 
facilitated by the availability and use of menus
displaying calorie labels and the Nutrition Facts label 
on packaged foods.  

Recognizing the importance of these dietary and 
lifestyle behaviors to the health and well-being of the 
U.S. population, the DGAC reviewed recent evidence 
to address questions on the relationship between eating
out, family shared meals, sedentary behavior, and diet 
and weight outcomes. The DGAC also sought to
examine associations between sleep patterns, dietary
intakes, and obesity risk. However, after conducting
preliminary literature searches, the Committee 
determined sleep patterns was an emerging area with an 
insufficient body of evidence and did not include
specific questions on this topic. 

The DGAC also focused on identifying evidence that
could provide individuals with tools to improve their 
dietary choices and body weight status. Specifically, 
the Committee reviewed recent evidence on the impact
of diet and weight self-monitoring, and on use of food 
and menu labels on dietary intake and weight 
outcomes. The DGAC was interested in reviewing the 
evidence on the use of mobile health (m-health) 
technologies to improve dietary and weight outcomes, 
and after a preliminary review was conducted, 
determined that this, too, was an emerging area and that 
a full evidence review was premature. However, key
m-health studies focused on self-monitoring were 
identified, and thus were reviewed as part of the body
of evidence on self-monitoring. This chapter addresses 
sedentary behaviors, but not physical activity behaviors 
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in general because these are addressed in Part D. 
Chapter 7: Physical Activity. 

Consistent with the DGAC conceptual model presented
in Part B. Chapter 1: Introduction, this chapter also 
addresses major contextual factors that influence the 
ability of individuals to implement healthy dietary and
other lifestyles, including the prevention of sedentary
behaviors. The Committee focused on the association 
between diet, body weight, and chronic disease 
outcomes and two contextual factors that are highly
relevant in the United States²household food 
insecurity and acculturation.  

Household food LQVHFXULW\�LV�GHILQHG�DV�³Dccess to 
enough food for an active, healthy life. It includes at a 
minimum (a) the ready availability of nutritionally
adequate and safe foods, and (b) an assured ability to 
acquire acceptable foods in socially acceptable ways 
(e.g., without resorting to emergency food supplies, 
scavenging, stealing, or other coSLQJ�VWUDWHJLHV�´�7 

Thus, household food insecurity is a condition that 
exists whenever the availability of nutritionally
adequate and safe foods, or the ability to acquire 
acceptable foods in socially acceptable ways, is limited
or uncertain.7 In 2013, 49.1 million people in the 
United States lived in food insecure households, and of
these, 8.6 million are children.1 Household food 
insecurity is suggested to be an independent risk factor
for poor physical and mental health outcomes across 
the lifespan.8, 9 

The second contextual factor the DGAC addressed² 
acculturation²reflects that the United States continues 
to be a nation of immigrants.10, 11 Acculturation has 
EHHQ�GHILQHG�ERWK�DV�WKH�³SURFHVV�E\�ZKLFK�LPPLJUDQWV�
adopt the attitudes, values, customs, beliefs, and 
EHKDYLRUV�RI�D�QHZ�FXOWXUH´�12 DQG�DV�WKH�³JUDGXDO� 
H[FKDQJH�EHWZHHQ�LPPLJUDQWV¶�RULJLQDO�DWWLWXGHV�DQG�
EHKDYLRU�DQG�WKRVH�RI�WKH�KRVW�FXOWXUH´�13 Acculturation 
is relevant for individual dietary behaviors because
evidence suggests that the healthy lifestyles with which
immigrants arrive deteriorate as they integrate or
assimilate into mainstream American culture.14 

Moreover, evidence suggests that to be effective in 
helping immigrants retain their healthy lifestyles, 
nutrition education programs, including those that are a 
part of food assistance programs, must be tailored to 
their different levels of acculturation.14 

Given the strong relevance of household food 
insecurity and acculturation as contextual factors
influencing healthy lifestyles, the DGAC examined 
associations between them and diet, obesity risk, and 
whenever possible, corresponding chronic disease risk
factors.  

/,67�2)�48(67,216� 

Eating Out 

1.		 What is the relationship between eating out and/or
take away meals and body weight in children and 
adults? 

Family Shared Meals 

2.		 What is the relationship between frequency and 
regularity of family shared meals and measures of
dietary intake in U.S. population groups? 

3.		 What is the relationship between frequency and 
regularity of family shared meals and measures of
body weight and obesity in U.S. population 
groups? 

Sedentary Behavior, Including Screen Time 

4.		 What is the relationship between sedentary
behavior and measures of dietary intake and body
weight in adults?   

5.		 How effective are behavioral interventions in youth 
that focus on reducing recreational sedentary
screen time and improving physical activity and/or 
diet? 

Self-Monitoring 

6.		 What is the relationship between use of diet and 
body weight self-monitoring strategies and body
weight outcomes in adults and youth? 

Food and Menu Labeling 

7.		 What is the relationship between knowledge and 
use of food and menu labels and measures of 
dietary intake in U.S. population groups?   
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Household Food Insecurity (HFI)
8.		 What is the relationship between household food 

insecurity (HFI) and measures of dietary intake and 
body weight? 

Acculturation 

9.		 What is the relationship between acculturation and 
measures of dietary intake?   

10. What is the relationship between acculturation and 
body weight? 

11. What is the relationship between acculturation and 
risk of cardiovascular disease (CVD)? 

12. What is the relationship between acculturation and 
risk of type 2 diabetes? 

0(7+2'2/2*<� 

All of the questions covered in this chapter² eating
out, family shared meals, sedentary behavior, self-
monitoring, food and menu labeling, household food 
insecurity, and acculturation²were answered using
Nutrition Evidence Library (NEL) systematic reviews. 
A description of the NEL process is provided in Part 
C: Methodology. All reviews were conducted in 
accordance with NEL methodology, and the DGAC
made all substantive decisions required throughout the
process to ensure that the most complete and relevant 
body of evidence was identified and evaluated to 
answer each question. All steps in the process were 
documented to ensure transparency and reproducibility. 
Specific information about individual systematic 
reviews can be found at www.NEL.gov, including the 
search strategy, inclusion and exclusion criteria, a 
complete list of included and excluded articles, and 
detailed documentation describing the included studies
and the body of evidence. A link to this website is 
provided following each evidence review. 

($7,1*�287� 
� 
The majority of Americans consume meals outside of 
the home one or more times per week (see Part D. 
Chapter 1: Food and Nutrient Intakes, and Health: 
Current Status and Trends). The 2010 DGAC 
concluded WKDW�³VWURQJ�DQG�FRQVLVWHQW�HYLGHQFH�
indicates that children and adults who eat fast food are 
at increased risk of weight gain, overweight, and 
REHVLW\´�2 With this relationship as a foundation, the 

2015 DGAC updated and expanded the review of the 
³eating out´ topic. Specifically, the ³fast food´ 
category was broadened to capture other types of eating
out venues (e.g., quick serve, casual, formal 
restaurants, and grocery store take-out). Terminology
XVHG�WR�GHILQH�WKH�H[SRVXUH�ZDV�PRGLILHG�IURP�³HDWLQJ�
out,´�WR�the EURDGHU�WHUP�³HDWLQJ�RXW�DQG�RU�WDNH�DZD\� 
PHDOV´�WR�UHIOHFW�WKH�LQFOXVLRQ�RI�PHDOV�HDWHQ�RXW�DW�D�
broader array of restaurant venues as well as takeout or
ready-to-eat foods or meals purchased and consumed 
either away from or in the home. The population of
interest remained healthy individuals ages 2 years and 
older. 

Question 1: What is the relationship between 
eating out and/or take away meals and body 
weight in children and adults? 

Source of evidence: 8SGDWH�WR������'*$&¶V�NEL 
systematic review 

Conclusion 

Among adults, moderate evidence from prospective 
cohort studies in populations ages 40 years or younger
at baseline indicates higher frequency of fast food 
consumption is associated with higher body weight, 
body mass index (BMI), and risk for obesity. DGAC 
Grade: Moderate 

Among children, limited evidence from prospective 
cohort studies in populations ages 8 to 16 years at
baseline suggests that higher frequency of fast food 
consumption is associated with increased adiposity, 
BMI z-score, or risk of obesity during childhood, 
adolescence, and during the transition from
adolescence into adulthood. DGAC Grade: Limited 

Insufficient evidence is available to assess the 
relationship between frequency of other types of 
restaurant and takeout meals and body weight 
outcomes in children and adults. DGAC Grade: 
Grade Not assignable 

Implications 

Given that one-third of calories are consumed outside 
of the home (see Part D. Chapter 1: Food and 
Nutrient Intakes, and Health: Current Status and
Trends), individuals should limit the frequency of 
eating at fast-food establishments. When eating out, 
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one should choose healthy foods and beverages within 
their calorie needs to avoid increases in body weight.  

Review of the Evidence 

Fifteen prospective studies examined the relationship 
between eating out and/or take away meals and 
measures of body weight in adults and children.15-29 

Eleven studies in the United States 16-18, 20-23, 25-28 and 
four international studies (one each from Canada, the 
United Kingdom, Australia, and Spain)15, 19, 24, 29 were 
reviewed. Men and women and boys and girls were 
well represented and the majority of studies within the
United States included diverse populations. 

In children, seven prospective cohort studies19, 21, 22, 24, 

27-29 examined the relationship between frequency of 
fast-food meals, or consumption of other types of meals 
and anthropometric outcomes and, overall, found 
mixed results. Six studies examined fast-food meals19, 

21, 22, 24, 28, 29: three studies19, 28, 29 indicated increased fast 
food intake, particularly more than twice per week, was
associated with increased risk of obesity, BMI/BMI z-
score or body fat, two22, 24 found no association, and 
one21 found no association in boys and a negative
association in girls. Two studies looked at a variety of 
non-fast-food meals away from home, using varying
definitions of food establishments and meal types and 
reported mixed findings for a relationship with weight-
related outcomes.27, 28 

In adolescents transitioning to adulthood, one study
found high baseline frequency of fast food intake was 
associated with increased BMI z-scores at 5-year 
follow-up.25 In adults, evidence consistently
demonstrated a relationship between higher frequency
of fast-food meal consumption and body weight 
outcomes. Five prospective cohort studies (three 
cohorts) reported a higher frequency of intake of meals
from fast food locations, or intake exceeding once per 
week, was associated with higher weight gain, BMI, 
and risk of obesity.17, 18, 20, 23, 26 $�³PRGHUDWH´�JUDGH�ZDV� 
DVVLJQHG��DV�RSSRVHG�WR�WKH�³VWURQJ´�JUDGH�DVVLJQHG�E\�
the 2010 DGAC) because the evidence based was small
(five studies focused on fast food, three from the same 
cohort), all of which were prospective cohort studies;
few studies controlled for energy intake and no study
reported actual food consumed; and the method of 
PHDVXUHPHQW�RI�³HDWLQJ�RXW´�varied among studies.
Evidence related to the association between frequency
of meals from other types of restaurants and intake of 

all takeout meals and weight is limited, but indicates 
traditional restaurant meal frequency may not be 
associated with weight outcomes.17, 18 Two studies15, 16 

examined total meals away from home or meal types 
eaten away from home, which came from both fast 
food and restaurant locations, and reported frequency
was associated with increased body weight outcomes 
for most meal types. Two studies from the same cohort
found no significant relationship between frequency of
meals from restaurants (non-fast-food establishments),
and weight-related outcomes.  

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3371 

)$0,/<�6+$5('�0($/6� 

Data from cross-sectional studies suggest that when 
families share meals, they achieve better diet quality
and improved nutrient intake, and to some extent, are 
better able to maintain appropriate body weight.30-36 

The definition of family shared meals in the literature 
varies, with some defining it as the number of a
specific meal eaten together (e.g., dinner), or any meal, 
prepared at home or outside of home, that is shared 
among individuals living in the same household.37 

Family mealtime may act as a protective factor for 
many nutritional health-related problems. For example, 
they provide an opportunity for parents to model good 
eating behaviors and create a positive atmosphere by
providing time for social interaction and thus a sense of
social support for all members.38, 39 Shared meals may
be important in every stage of the lifecycle to support 
healthy growth, development, and weight, though the 
evidence for adults is mixed. The importance of the
family in supporting positive behaviors is clearly part 
of the life course approach HPERGLHG�LQ�WKH�'*$&¶V� 
conceptual model (see Part B. Chapter 2: 2015 DGAC 
Themes and Recommendations: Integrating the 
Evidence). As a result, the Committee decided to
explore the relationship between family shared meals
and dietary intake as well as weight outcomes from
high-quality epidemiological studies to determine if
there is a cause and effect association. 

Question 2: What is the relationship between 
frequency/regularity of family shared meals 
and measures of dietary intake in U.S. 
population groups? 
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Source of evidence: NEL systematic review 

Conclusion 

Insufficient evidence on the association between 
frequency of family shared meals and measures of
dietary intake is available to draw a conclusion. DGAC 
Grade: Grade not assignable 

Implications 

The DGAC determined that a grade was not assignable
due to the insufficient evidence for this question. 
Therefore, no implications were developed. 

Review of the Evidence 

Two studies in the United States with the duration of 5 
to 10 years from one prospective cohort examined the 
relationship between frequency/regularity of family
meals and measures of dietary intake in U.S. 
population groups.40, 41 The studies included 
adolescents transitioning from early to middle 
adolescence (middle school to high school)40 and 
adolescents transitioning to early adulthood.41 These 
studies found more frequent consumption of family
meals was associated with improved dietary intake, 
specifically an increase in fruits and/or vegetables, and
calcium-rich or milk-based foods.40, 41 Given that the 
evidence is limited to these two studies using data from
the same cohort at two time points, the Committee 
could not assign a grade.  

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250455  

Question 3: What is the relationship between 
frequency/regularity of family shared meals 
and measures of body weight in U.S. 
population groups? 

Source of evidence: NEL systematic review 

Conclusion 

Limited evidence from prospective studies shows 
inconsistent relationships between the number of 
family shared meals and body weight of children and 
adolescents. DGAC Grade: Limited 

Implications 

The very limited evidence available on the relationship
between family shared meals and measures of body
weight precludes developing implications for this 
question. Shared meals may be important in every stage 
of the lifecycle to support healthy growth, 
development, and weight; however, more studies are 
warranted to determine if there is a direct effect. In the 
absence of such studies, meal times may still be an 
optimal time for parents to provide role modeling
behaviors in terms of what foods to eat and, for the 
elderly encouragement to eat given the social support 
of other individuals. 

Review of the Evidence 

Six studies, which included one randomized control
trial (RCT)42 and five prospective cohort studies (4 
cohorts)43-47 examined the relationship between 
frequency/regularity of family meals and measures of
body weight in U.S. populations. The study duration 
for the RCT was 6 months42 and the prospective cohort 
studies43-47 ranged in duration from 1 to 5 years. The 
study population was children and adolescents ages 4 
to 15 years.  

Three out of four prospective cohort studies found no 
significant association between the frequency of family
shared meals, BMI, or overweight status. Evidence 
from one prospective study (two articles) showed that
an increase in the frequency of family shared meals 
lowered the likelihood of becoming overweight or the 
persistence of overweight. One study found that among
overweight children, eating more family breakfast and 
dinner meals was associated with lower likelihood of 
becoming overweight or remaining overweight over a 
4-year period. Another article reported children who
typically ate more breakfast meals with their families 
had a lower rate of increase in BMI over 5 years. The 
number of dinner meals eaten with the family was not 
associated with a change in BMI. 

One RCT included an intervention that simultaneously
focused on four household routines, including family
shared meals.42 Although a reduction in body weight 
occurred, family meal frequency did not change.42 

This body of evidence had several limitations,
including that studies did not use a standard definition 
for family shared meals, two studies assessed only 
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family dinners, two studies assessed breakfast and 
dinner meals, and two studies assessed all meals. No 
study assessed the quality or source of meals 
consumed. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250460  

6('(17$5<�%(+$9,25��,1&/8',1*�
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The Physical Activity Guidelines for Americans
recommend that adults engage in at least 150 minutes 
(2.5 hours) of moderate- to vigorous-intensity physical
activity each week and two days a week of strength
training.48 Youth ages 6 to 17 years should engage in 
60 minutes or more of daily physical activity.48 

Unfortunately, the vast majority of Americans do not 
get the physical activity they need; only 20 percent of 
adults meet both the aerobic and strength training
recommendations and less than 20 percent of 
adolescents meet the youth guideline. 49, 50 In addition, 
one-third of adults engage in no leisure-time physical 
activity.51 Regular physical activity is associated with
myriad health benefits, including reduced risk of 
chronic disease, and physical, mental, and cognitive
benefits, irrespective of body weight.48 Physical 
inactivity is associated with increased risk of 
overweight and obesity, CVD, type 2 diabetes, breast
and colon cancer, and overall all-cause mortality.52 

Sedentary behavior, which refers to any waking activity
predominantly done while in a sitting or reclining
posture, is gaining considerable public health interest 
as a chronic disease risk factor and therefore a potential
area for interventions to target, with reducing screen 
time often a focus. The American Academy of 
Pediatrics (AAP) recommends no more than 2 hours a 
day of screen time (including television and other types 
of media) for children ages 2 years and older and none 
for children younger than age 2 years.53 However,
children ages 8 and under spend an average of 7 hours 
on screen time each day.54 The U.S. Report Card on 
Physical Activity for Youth gave the sedentary 
EHKDYLRU�LQGLFDWRU�D�JUDGH�RI�³'´�IRU�\RXWK�PHHWLQJ�WKH� 
$$3¶V�VFUHHQ�WLPH�UHFRPPHQGDWLRQ.55 Rates of screen 
time are similar among males and females, yet 
disproportionately higher for African American youth 
compared to Caucasian youth (63.3 percent not 

meeting AAP recommendation vs. 44.6 percent).56 For 
this topic, two questions were addressed by the DGAC, 
the first with a NEL systematic review focused on the 
transition from childhood to adulthood and sedentary
behavior in adults. The second question used the 2014
Community Preventive Services Task Force Obesity
Prevention and Control (Community Guide) systematic
review to examine the effectiveness of interventions 
among youth to reduce sedentary screen time and 
increase physical activity. 

Question 4: What is the relationship between 
sedentary behavior and dietary intake and 
body weight in adults? 

Source of evidence: NEL systematic review 

Conclusion 

Moderate and consistent evidence from prospective 
studies that followed cohorts of youth into adulthood 
supports that adults have a higher body weight and 
incidence of overweight and obesity when the amount 
of TV viewing is higher in childhood and adolescence.
DGAC Grade: Moderate 

Moderate evidence from prospective studies suggests 
no association between sedentary behavior in 
adulthood and change in body weight, body
composition, or incidence of overweight or obesity in 
adulthood. DGAC Grade: Moderate 

Insufficient evidence exists to address the association 
between sedentary behavior and dietary intake in 
adults. DGAC Grade: Grade Not Assignable 

Implications 

Sedentary behavior, including TV watching and screen
time, should be limited during childhood to lower the 
likelihood of excess body weight or overweight and 
obesity in adulthood. Federal, state, and local policies
and programs to support school and community-based 
programs to identify and reduce sedentary behavior 
among children and adolescents are needed to help 
them achieve and maintain healthy weight status as
they transition into adulthood. Although an apparent 
lack of association exists between sedentary behavior 
and change in body weight status in adulthood, adults 
are encouraged to adopt and sustain levels of physical 
activity consistent with the Physical Activity Guidelines 
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for Americans to promote health and to achieve and 
sustain a healthy weight status.  

Review of the Evidence 

This evidence review included 23 studies from 18 
prospective cohorts that examined the relationship 
between sedentary behavior and body weight status in 
adults.57-79 Study locations included six studies from 
Australia,59, 60, 65, 74, 75, 77 six studies from the United 
Kingdom,61, 69, 70, 73, 76, 78 seven studies from the United 
States,57, 58, 62, 66, 67, 71, 79 two studies from New 
Zealand,63, 64 and one study each from Canada72 and 
Spain.68 The mean age of participants ranged from 23 
years to 60 years. Longitudinal studies followed 
participants from childhood (5 to 16 years) to 
adulthood (21 to 45 years). Three studies (two 
cohorts)57, 59, 75 had an all-female sample and the 
remainder of the studies included both males and 
females.  

Increasing levels of TV viewing during childhood and 
adolescence predicted higher BMI64, 65, 69, 76 and 
increased incidence of overweight and obesity in 
adulthood.58, 64, 65, 76 The lack of association between 
adult sedentary behavior (TV viewing, commute time
or composite measures of sedentary behavior) and body
weight change or body weight status are mostly
consistent, despite methodological differences in
measurement of sedentary behavior. Among two 
studies that assessed the relationship between sedentary
behavior in adulthood and dietary intake, one study
found an association between TV viewing and lower 
compliance with recommended dietary guidance.66 The 
other study found that more TV viewing was associated
with greater intake of calories from fat, but not total 
calories or calories from sweets.71 

Methodological approaches differed with regard to 
population and cohort size, types of sedentary behavior
considered, and timeframes studied. Only one study
directly measured sedentary behavior61 and few studies 
adjusted analysis for energy intake and other potential
mediators, such as dietary intake. The majority of 
studies were conducted in Caucasian populations;
therefore diverse ethnic and racial groups were 
underrepresented.  

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3343 

Question 5: How effective are behavioral 
interventions in youth that focus on reducing 
recreational sedentary screen time and 
improving physical activity and/or diet? 

Source of evidence: Community Preventive
Services Task Force Obesity Prevention and Control: 
Behavioral Interventions that Aim to Reduce 
Recreational Sedentary Screen Time (Community 
Guide).80 Available at: 
http://www.thecommunityguide.org/obesity/RRbehavio
ral.html 

Conclusion 

The DGAC concurs with the Community Guide,80 

which found strong evidence that behavioral 
interventions are effective in reducing recreational 
sedentary screen time among children ages 13 years 
and younger. Limited evidence was available to assess 
the effectiveness of these interventions among adults
and no evidence was available for adolescents ages 14 
years and older. DGAC Grade: Strong 

Implications 

The Community Guide identified effective behavioral 
interventions to reduce recreational screen time and 
recommended that they be implemented in a variety of 
settings. The DGAC concurs with this recommendation
because of the potential for these interventions to have 
EHQHILFLDO�HIIHFWV�RQ�FKLOGUHQ¶V�GLHW�DQG�ZHLJKW�VWDWXV�
Multifaceted interventions to reduce recreational 
sedentary screen time may include home, school, 
neighborhood, and pediatric primary care settings, and
emphasize parental, family, and peer-based social 
support, coaching or counseling sessions, and 
electronic tracking and monitoring of the use of screen-
based technologies. 

Review of the Evidence 

The Community Guide review classified behavioral 
screen time interventions as: 1) screen-time-only
interventions that focus only on reducing recreational 
sedentary screen time, and 2) screen-time-plus 
interventions, which focus on reducing recreational 
sedentary screen time and increasing physical activity
and/or improving diet. These interventions are used to 
teach behavioral self-management skills through one or
more of the following components: classroom-based 
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   education, tracking and monitoring, coaching or 
counseling sessions, and family-based or peer social
support. The Community Guide review focused on 
both high- and low-intensity interventions to reduce 
sedentary behavior in youth. High-intensity
interventions included the use of an electronic 
monitoring device to limit screen time or at least three 
personal or computer-tailored interactions. Low-
intensity interventions included two or fewer personal 
or computer-tailored interactions. This review included 
49 studies with 61 arms. Studies were included that had 
an intervention component with one or more outcomes 
of interest. Study duration was 1.5 months to 2 years.  

The study populations were mostly children younger 
than age 13 years and collectively were racially and 
ethnically diverse. All studies were conducted in the 
United States within a variety of settings, including
schools (20 studies), homes (8 studies), communities (6
studies), primary care clinics (4 studies), research 
institutes (5 studies), and in multiple settings (4 
studies). Settings were a mix of urban and suburban 
areas.  

Evidence indicated that behavioral screen time 
interventions are effective in reducing recreational 
sedentary screen time (47 study arms), improving
physical activity (42 study arms), improving diet (37 
study arms), and improving or maintaining weight 
status (38 study arms). Studies were found to be
effective among children ages 13 years and younger.
The evidence showed that both screen-time-only and 
screen-time-plus interventions are both effective at 
reducing recreational sedentary screen time. However, 
screen-time-only interventions showed greater 
reductions in TV viewing and composite screen time
compared to screen-time-plus interventions. All studies 
demonstrated effectiveness among both males and 
females. Forty-five studies that reported racial 
distribution showed intervention effectiveness in all 
groups: white (20 studies), black (14 studies), Hispanic
(11 studies), Asian/Pacific Islander (10 studies), 
American Indian or Alaska Native (3 studies), and 
other (7 studies). 

For additional details on this body of evidence, visit:
http://www.thecommunityguide.org/obesity/RRbehavio
ral.html 

6(/)�021,725,1*� 

In the context of comprehensive behavioral lifestyle
interventions for weight management, self-monitoring
refers to the process by which an individual observes 
and records specific information reflecting his or her 
dietary intake, physical activity, and/or body weight. 
As a component of behavioral weight-management 
programs, self-monitoring is typically coupled with
goal setting and performance feedback. Goal setting
involves specifying a target or recommended level for 
dietary intake, physical activity, and/or body weight. 
Self-monitoring provides information that allows the 
individual to judge whether targets have been met, and 
if not, to use the feedback from self-monitoring to 
adjust future actions so as to meet the target. A high 
frequency of self-monitoring is commonly associated
with greater adherence to other weight management 
strategies and with greater success in lifestyle programs 
for weight management.81 

The goal of this systematic review was to determine 
whether self-monitoring of diet and/or weight is 
associated with body weight outcomes. This review 
included studies examining the effect of self-weighing
or self-monitoring of diet, such as counting calories 
and/or monitoring foods consumed. Although paper 
diaries are the traditional method for self-monitoring
new technological approaches are emerging, such as
WKH�XVH�RI�ZHEVLWHV��VPDUW�SKRQH�³DSSV,´�DQG�LQWHUDFWLYH�
voice response phone calls. Because self-monitoring is
often a component of weight loss and weight 
maintenances interventions, it is important to
understand its effect on body weight outcomes.  

Question 6: What is the relationship between 
use of diet and weight self-monitoring 
strategies and body weight outcomes in adults 
and youth? 

Source of evidence: NEL systematic review 

Conclusion 

Moderate evidence, primarily in overweight adult 
women living in the United States, indicates that self-
monitoring of diet, weight, or both, in the context of a
behavioral weight management intervention, 
incorporating goal setting and performance feedback, 
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improves weight-loss outcomes. DGAC Grade: 
Moderate 

Limited but consistent evidence suggests that higher 
frequency or greater adherence to self-monitoring of 
diet, weight, or both, in the context of a behavioral 
weight management program, is associated with better 
weight-loss outcomes. DGAC Grade: Limited 

Implications 

Self-monitoring coupled with goal setting and 
performance feedback can be used to enhance 
outcomes in weight management programs and should
be incorporated into these programs for weight 
management. 

Review of the Evidence 

Twenty studies (4 RCTs,82-85 15 prospective cohort 
studies,86-100 and 1 retrospective cohort study101)
examined the relationship between diet and weight self-
monitoring strategies and body weight outcomes in
adults and youth. The study durations ranged from 3 
months to 3.25 years. The study samples predominantly
included women. Five studies were exclusively in 
women, one study was in pregnant women,88 and one 
study was in children.83 Sixteen studies were conducted 
in the United States84-87, 89-100 and four were 
international (one each from the United Kingdom, 
Australia, Netherlands, and Japan).82, 83, 88, 101 

Three RCTs showed that weight management 
interventions, delivered through mail or email which 
included self-monitoring of diet, weight, or both, 
coupled with behavioral change strategies, such as goal 
setting, personalized feedback, shaping, stimulus 
control, and problem solving, resulted in significantly
greater weight losses than did interventions that did not
emphasize self-monitoring.82, 84, 85 One weight loss 
maintenance study in children found no effect for self-
monitoring through Short Message Service on BMI.83 

Sixteen cohort studies in adults found higher frequency
or greater adherence to diet and weight self-monitoring
was associated with favorable body weight outcomes.86­

101 One study with overweight pregnant women 
provided a four-session behavior change program with 
a gestational weight gain chart and a recommendation
for regular self-weighing.88 The women in the 
intervention arm lost more weight 6 weeks after 

delivery compared to a control group that received one 
brief education session. Four studies assessed different 
methods of self-monitoring, including paper diaries, 
Internet-based or mobile applications, and found that 
no specific method was superior to others.87, 93, 94, 98 

The limitations of the evidence were that study
participants were predominately overweight or obese, 
educated, Caucasian, females between the ages of 30 to
60 years, thus limiting generalizability to broader 
population groups. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3374 
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Food and menu labels can provide information that 
LPSURYHV�DQ�LQGLYLGXDO¶V�IRRG�VHOHFWLRQ�DQG�SRWHQWLDOO\�
improves body weight outcomes. Research focusing
upon the impact of food labeling on body weight and 
other health outcomes is beginning to emerge. The U.S. 
Food and Drug Administration (FDA) recently
finalized regulations requiring calorie information to be
listed on menus and menu boards in chain restaurants,
similar retail establishments, and vending machines 
with 20 or more locations. Studying the effects of this 
regulation on dietary choices, weight and chronic 
disease outcomes will provide an opportunity to 
understand how policy works in real-world conditions. 

Some studies, including existing reviews, have 
examined the impact of restaurant calorie labeling on 
free-living consumer food selection and have had 
mixed results. Few studies have actually measured 
calories consumed as a result of menu labeling. A
recent systematic review including 17 studies with 
experimental or quasi-experimental designs evaluated
whether menu-based nutrition information affects the 
selection and consumption of calories in restaurants
and other foodservice establishments.102 Five of these 
studies measured the association between the 
introduction of menu labeling and average calories 
purchased per transaction in fast-food restaurants 
before and after implementation of policies that 
required restaurants to add calorie values to menus. 
Data collection varied in terms of duration (2 weeks to 
6 months) and time from menu changes (from 4 weeks 
to one year after menu calorie labeling took place).
Only one of the five reported a statistically significant 
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association between the introduction of menu labeling
and the selection of fewer calories.  

Overall, however, the review concluded that menu 
labeling of calories alone did not decrease calories 
selected or consumed but that the addition of 
contextual or interpretive information on menus, such 
as daily caloric recommendations or physical activity
equivalents, assisted consumers to select and consume
fewer calories. 102 Additionally, there appeared to be a
difference in sex response such that women tended to 
use the information to select and consume fewer 
calories than men. 

The intent of this NEL systematic review was to focus 
on controlled trials that isolated the impact of menu 
labeling on food selection and consumption at the 
individual level. The Committee was also interested in 
the effects of menu labeling on body weight outcomes; 
however there was insufficient evidence from RCTs 
examining the association between food and menu 
labels and body weight to complete a systematic review
with body weight as the outcome. 

Question 7: What is the effect of use of food 
and menu labels on measures of food 
selection and dietary intake in U.S. population 
groups? 

Source of evidence: NEL systematic review 

Conclusion 

Limited and inconsistent evidence exists to support an
association between menu calorie labels and food 
selection or consumption. DGAC Grade: Limited 

Implications 

The impact of food and menu labeling on food 
selection and health outcomes is limited by the 
heterogeneous approaches and the modest number of
high quality studies, particularly RCTs. Thus, no
implication could be drawn from the RCTs although 
policy level studies suggest that menu labeling of 
calories alone will not decrease calories selected or 
consumed but that addition of contextual or interpretive 
information on menus, such as daily caloric 
recommendations or physical activity equivalents, can 
assist consumers to select and consume fewer 
calories.102 The new menu labeling regulations recently 

finalized by the FDA will provide an opportunity for 
further food and nutrition policy research in real-world
settings.  

Review of the Evidence 

Ten RCTs103-112 were included in this body of
evidence that compared menu calorie labeling on 
food selection. Three of the ten studies also 
measured calorie intake of a test meal.107-109 

Results were mixed regarding the influence of 
menu calorie labeling on food selection. Five
studies found no effect of calorie information 
alone on food selection.104, 105, 107, 108, 110 Three 
studies found calorie labeling led to selection of 
fewer calories.103, 109, 112 Two studies showed 
mixed results. One106 found an impact of calorie 
labeling with women, but not men, and another111 

found that parents ordered fewer calories for their 
children, but not for themselves when calorie 
information was included on a test menu. 

Two studies found that providing calorie labels 
with either recommended daily caloric intake 
information109 or physical activity equivalents108 

resulted in the consumption of fewer calories at a 
test meal. One study did not find an effect of 
calorie labeling on calorie consumption.107 Two 
studies examining physical activity equivalents as 
a component of the calorie labeling found a 
decrease in the calorie content of selected food 
items.104, 108 One study that examined the effect of 
calorie labeling and value pricing (structuring
product prices such that the per unit cost decreases
as portion size increases) also showed no 
association between calorie labeling and food 
selection or consumption.  

This body of evidence has many limitations: two 
of the ten studies were conducted in actual 
restaurant settings, limiting the external validity of
the findings; three studies measured food intake; 
some studies included pricing as a confounder, 
while others did not; and all studies were
conducted in one session.�The methodological
complexities of laboratory studies limit generalizability
to free living populations.  
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For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3379 
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Food insecurity is a leading nutrition-related public 
health issue that is associated with reduced food intake 
or hunger because the household lacks money and 
other resources for food. Food insecurity can 
compromise nutritional intake, potentially leading to 
increased risk of chronic diseases.9 In addition, food 
insecurity may promote anxiety and psychological 
distress, further affecting the health and well-being of 
an individual or family.113, 114 Food insecurity is 
typically measured by survey questionnaires, such as 
the U.S. Household Food Security Survey Module, an 
18-item questionnaire that assesses characteristics at 
the household level and severity of food insecurity
(e.g., moderate or severe) over the past 12 months. The
standard method of scoring consists of households 
being considered food secure if respondents affirm less
than 3 scale items, food insecure if 3 to 7 items are 
affirmed, and severely food insecure if 8 or more items 
are affirmed.9 Surveys in the United States indicate that 
14.3 percent or more of households experienced food 
insecurity at least once during 2013.1 Rates of food 
insecurity are substantially higher than the national 
average for those households with incomes near or 
below the Federal poverty line (38.4 percent vs. 14.3 
percent), those households with children and a single 
parent, and for African American- and Hispanic-headed 
households.1 Rates of food insecurity are more 
common in rural areas and large cities compared to 
suburban and exurban areas surrounding cities.1 

Among food-insecure households, 62 percent are 
participating in one or more of the three largest Federal
food and nutrition assistance programs (Supplemental 
Nutrition Assistance Program [SNAP], Special 
Supplementation Program for Women, Infants, and 
Children [WIC], and the National School Breakfast and 
Lunch Programs).1 The causes of food insecurity are
multifactorial and the types of nutrition-related 
problems resulting from food insecurity are diverse, 
differing across the life cycle. Among food insecure 
households, the cycle of having enough food followed
by inadequate amounts has been associated with stress 
in pregnant women,113 poor diet quality among 
adults,115, 116 poor glycemic control among diabetics,117 

and high visceral body fat and body weight gain in
some but not all cross-sectional studies of children and 

adults.118-120 Each of these conditions has a well-
documented impact in the development of chronic 
diseases.121, 122 Thus, the 2015 DGAC chose to examine 
the relationship between food insecurity and diet 
quality as well as the causal nature of this public health
issue on body weight with a systematic review of
prospective cohorts. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3372 

Question 8: What is the relationship between 
household food insecurity (HFI) and measures 
of diet quality and body weight? 

Source of evidence: NEL systematic review 

Conclusion 

Limited and inconsistent evidence from studies 
conducted in adults and children ages 3 to 6 years 
suggests that a positive association may exist between 
persistent and/or progressing household food insecurity
and higher body weight in older adults, pregnant 
women, and young children. No studies reported a 
relationship with lower body weight. DGAC Grade: 
Limited 

Insufficient evidence was available from prospective 
studies to assess the relationship between household 
food insecurity and dietary intake. DGAC Grade: 
Grade Not assignable 

Implications 

Federal food assistance programs, which play an 
important role in providing relief to families in 
economic distress, should carefully document and 
monitor food insecurity and nutritional risk in program
participants. Participants should receive tailored 
counseling to choose foods with their limited budgets 
that meet the Dietary Guidelines for Americans and to 
achieve or maintain a healthy body weight. Federal 
food assistance programs should also regularly assess,
evaluate, and update the methods they use to help
recipients select healthier foods, consistent with best 
practices.  
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Review of the Evidence 

This systematic review included nine prospective 
cohort studies examining the relationship between 
household food insecurity and body weight status.118, 

123-130 In adults, four prospective cohort studies
assessed the relationship between household food 
insecurity and measures of body weight, with one
study focusing on elderly men and women126 and 
three studies focusing only on women.118, 128, 130 

The study of older adults derived data from two large 
cohorts including the Health and Retirement Survey
and the Asset and Health Dynamics among the Oldest 
Old.126 The studies on women ranged in size from 303 
to 1,707, with the data derived from relatively small 
cohort study populations, including the Bassett Mothers 
Health Project cohort study,128 the Pregnancy, 
Infection, and Nutrition cohort,118 and the Fragile 
Families and Child Wellbeing Study.130 The study of 
older adults  focused on a relatively homogenous 
population who were mostly Caucasian.126 Of the 
studies of women, two assessed diverse populations,118, 

130 while one had a study population almost entirely
composed of Caucasian women.128 

In children, a total of five prospective cohort 
studies (three cohorts)123-125, 127, 129 assessed the 
relationship between household food insecurity
and measures of body weight, with one of the five 
studies assessing household food insufficiency, a 
similar measure considered�more severe than the 
concept of food security, although not as severe as
hunger.124 Four of the studies were conducted on 
populations in the United States123, 125, 127, 129 and one 
study in a Canadian population.124 The studies ranged 
in size from 1,514 to 28,353 subjects. The data were 
derived from nationally representative cohorts, 
including three studies using data from the Early Child
Longitudinal Study-Kindergarten Cohort,123, 125, 129 one 
study using data from the Longitudinal Study of Child 
Development in Quebec,124 and one study deriving data
from a large cohort participating in the Massachusetts 
WIC Program.127 

Based on this evidence, the impact of food insecurity
on body weight is not clear. Among older adults, 
becoming food insecure during follow-up was 
positively associated with BMI in one large cohort but 
there was no association in a different cohort from the 
same study.126 Among pregnant women, findings were 

inconsistent, with 1 of 2 studies suggesting no 
association between food insecurity and pregnancy
weight gain outcomes.128 One study found null findings 
among the marginally food secure, but greater weight 
gain (absolute and relative to the 2009 IOM 
Guidelines),131 and severe pre-gravid obesity among
food insecure women.118 Among children, findings 
were inconsistent. Two studies found no association 
between food insecurity and body weight outcomes.123, 

129 Dubois et al. found that food insufficiency was 
associated greater likelihood of overweight and obesity
in preschool-aged children.124 One study found that 
persistent food insecurity without hunger was 
associated with child obesity but non-persistent food 
insecurity with hunger was not associated with obesity
risk.127 Jyoti et al. reported that there was an association 
between food insecurity and weight gain for girls but 
not boys.125 However, the data provided some 
suggestion of an association between food insecurity
and higher body weight among girls and those who are
of low birth weight.  

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3372 
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Immigrants continue to represent a significant
proportion of the United States population and 
evidence indicates that immigrants adopt the dietary
habits and disease patterns of host cultures.14 Federal 
food assistance and nutrition education programs are 
aware of the need to tailor services and messaging
according to the level of acculturation of immigrant 
communities. It is essential for this acculturation-
sensitive tailoring to take into account the level of
dietary acculturation and the socio-economic 
characteristics such as health literacy, language, and 
other cultural preferences of immigrant communities. 
Thus, understanding how dietary habits, body weight, 
and chronic disease outcomes are influenced by the 
process of acculturation is an important public health 
issue for the United States. However, because 
immigrants can take different paths during the process 
of acculturation, this construct has proven to be
difficult to conceptualize and measure. The four paths 
of acculturation (assimilation, integration, segregation, 
and marginalization) refer to the degree in which 
immigrants retain their host culture and adopt the 
culture of their new country.14 This explains, at least in 
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part, why the evidence from prospective studies 
continues to be limited in nature, as shown in this 
chapter. 

Question 9: What is the relationship between 
acculturation and measures of dietary intake? 

Source of evidence: NEL systematic review 

Conclusion 

Limited evidence from cross-sectional studies suggests
that in adults of Latino/Hispanic national origin, 
particularly among women and persons of Mexican 
origin, higher acculturation to the United States is 
associated with lower fruit and vegetable intake, as 
well as higher intake of fast food. Insufficient evidence
is available for children, Asians and African Americans 
in general, and among populations of diverse
Latino/Hispanic national origin to draw a conclusion 
regarding the association between measures of
acculturation and dietary intake. DGAC Grade: 
Limited 

Implications 

Federal food assistance and nutrition education 
programs need to support immigrants in maintaining
the healthy dietary habits they had when they arrived 
and in not acquiring unhealthy dietary patterns as they
acculturate to mainstream America. This can be 
achieved by, among other things, effectively reaching
out to immigrant families to facilitate their enrollment 
in programs such as SNAP and WIC and ensuring
access to fresh vegetables and fruits. These community
outreach programs are needed because in addition to
their risk of adopting unhealthy dietary behaviors, 
immigrants may also have language limitations and/or 
a lack of understanding of the program enrollment 
procedures.  

Review of the Evidence 

This systematic review included 17 studies, 15 cross-
sectional studies,132-146 and two longitudinal studies147, 

148 that examined the relationship between 
multidimensional or multiple proxy measures of
acculturation and dietary intake. Study populations 
included ten Latino/Hispanic populations132-136, 138-140, 

144, 145 (five in Mexican Americans) and 132, 133, 135, 136, 140 

six Asian populations;137, 141-143, 146, 147 one study 

included both Asian and Latino/Hispanic 
populations.148 Two studies included children135, 148 and 
three studies included only women.134, 138, 140 Study
locations included one national140 and one U.S.­
Mexican border state study,136 ten studies from 
California,132, 133, 135, 137-139, 143, 145, 146, 148 and one study 
each from Massachusetts,144 Hawaii,147 New York,141 

and a Midwestern city.134 

In adults of Latino/Hispanic national origin, evidence 
from nine cross-sectional analyses suggests that higher 
acculturation to the United States is associated with 
lower adherence to recommended dietary patterns.
Among adults of Latino/Hispanic national origin, 
primarily women and those of Mexican origin, higher 
acculturation is consistently associated with lower fruit 
and vegetable intake, as well as higher intake of fast
food. In children and youth of Latino/Hispanic national
origin, emerging evidence was identified from two 
cross-sectional studies suggesting a negative 
association between acculturation and dietary
behaviors. In a study of children ages 3 to 5 years who
were proxied by caregiver acculturation, acculturation 
was associated with higher intake of sweets. In a study
among adolescents, acculturation was associated with 
higher intake of fast foods. 

Among Asian populations, emerging evidence from
five cross-sectional and two longitudinal studies 
suggests that higher acculturation is associated with
lower adherence to recommended dietary patterns. In
adults, six studies among Asian populations (mainly
Korean, Chinese and Filipino) suggest higher 
acculturation is associated with higher fast food and 
alcohol consumption.137, 141-143, 146, 147 One study
suggests higher acculturation is associated with
increased fast food consumption among Asian 
adolescents.148 

Insufficient evidence is available among children, those 
of Latino/Hispanic national origin (other than Mexican-
Americans), and among immigrant populations from
Asia, Africa, Europe, and the Middle East regarding the 
association between measures of acculturation and 
dietary intake. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250436  
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Question 10: What is the relationship between 
acculturation and body weight? 

Source of evidence: NEL systematic review 

Conclusion 

Limited evidence suggests a relationship between 
higher acculturation to the United States and increased
body weight. This relationship varies by national origin
and gender. Specifically, findings were mixed in both 
Asian and Latino/Hispanic populations. In Asians, the 
association was stronger in women than men and in 
Latino/Hispanic populations; associations were 
stronger in Mexican-born women. DGAC Grade: 
Limited 

Implications 

Federal food assistance and nutrition education 
programs need to support immigrants against the risk
of becoming overweight or obese as they acculturate to
mainstream America. This can be achieved by among
other things, effectively reaching out to immigrant 
families to facilitate their enrollment in programs such
as SNAP and WIC and ensuring access to low-energy
and high-nutrient dense dietary patterns rich in 
vegetables and fruits and whole grain foods. These 
community outreach programs are needed because in
addition to their risk of adopting unhealthy dietary
behaviors, immigrants may also have language 
limitations and/or a lack of understanding of the
program enrollment procedures. 

Review of the Evidence 

This systematic review includes 13 studies:133, 137, 141, 143, 

144, 146, 147, 149-154 12 cross-sectional studies,133, 137, 141, 143, 

144, 146, 149-154 and one longitudinal study.147 The 
populations included seven Asian,137, 141, 143, 146, 147, 150, 151 

five Latino/Hispanic (four Mexican-American and one
Puerto Rican),133, 144, 149, 152, 153 and included adults 
ranging in age from 35 to 75 years. Five studies were 
analyzed by gender.141, 143, 146, 153, 154 Three of the studies 
included national samples,149, 152, 154 five studies were 
from California,133, 137, 143, 146, 153 and one study each was 
from Hawaii,147 Louisiana,151 Maryland,150 

Massachusetts,144 New York.141 Two studies included 
samples from the country of origin (Vietnam and 
Korea).143, 151 

Among Asian populations, the majority of the data 
suggest a positive relationship between acculturation 
and increased body weight, but results are not 
consistent. Among Latinos/Hispanic populations, the 
association has been documented mostly among
women of Mexican origin. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250437  

Question 11: What is the relationship between 
acculturation and risk of cardiovascular 
disease (CVD)? 

Source of evidence: NEL systematic review 

Conclusion 

No conclusion can be drawn regarding the relationship
between acculturation to the United States and the risk 
of CVD. This is due to the small number of studies, 
wide variation in methodology used to assess 
acculturation, and limited representation of ethnic 
groups in the body of evidence. Very limited evidence 
from a small number of cross-sectional studies 
conducted in Latino/Hispanic populations suggest a 
positive relationship between language acculturation 
and elevation in LDL cholesterol and no relationship 
between acculturation and blood pressure. Insufficient 
evidence is available for other race/ethnic populations 
and among children for these outcomes and other CVD
outcomes. DGAC Grade: Grade not assignable 

Implications 

The DGAC determined that a grade was not assignable
due to the insufficient evidence for this question. 
Therefore, no implications were developed. 

Review of the Evidence 

This systematic review includes six cross-sectional 
studies in adult men and women between the ages of 40
to 60 years.144, 154-158 The study populations included 
five Latino/Hispanic144, 155-158 and one multicultural 
population154 and the data were predominately derived
from large, multi-state or national data sets. 

Three studies found a positive relationship between 
language acculturation and elevated blood lipid 
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levels,154, 156, 157 but results varied by acculturation 
indicator. Two studies assessed the association between 
acculturation and blood pressure in Latino/Hispanic
populations and no association was found.156, 157 Two 
studies assessed the relationship between acculturation 
and hypertension in Latino/Hispanic and a 
multicultural population and found no association.144, 

154 Two studies suggest a positive association between
language acculturation and CVD risk factors,155, 158 but 
results varied as a function of language acculturation 
indicator used. 

The studies used different methods to assess 
acculturation, including three studies that used 
multidimensional scales144, 155, 157 and three studies that 
relied on the assessment of acculturation proxies.154, 156, 

158 

The preponderance of evidence was in predominately
Mexican American populations, but other 
Hispanic/Latino national origin groups were 
represented. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250438  

Question 12: What is the relationship between 
acculturation and risk of type 2 diabetes? 

Source of evidence: NEL systematic review 

Conclusion 

Conclusions regarding the relationship between 
acculturation and type 2 diabetes cannot be drawn due 
to limited evidence from a very small number of cross-
sectional studies and study populations, limitations in 
acculturation assessment methodology that did not take 
into account potential confounders and effect 
modifiers, and lack of standardized assessment of 
outcomes. DGAC Grade: Grade not assignable  

Implications 

The DGAC determined that a grade was not assignable
due to the insufficient evidence for this question. 
Therefore, no implications were developed. 

Review of the Evidence 

This systematic review included four cross-sectional 
studies.144, 152, 159, 160 Two of the studies used National 
Health and Nutrition Examination Survey (NHANES)
data on Hispanic/Latino participants,152, 160 one study
used the Multi-Ethnic Study of Atherosclerosis 
(MESA) cohort,159 which included Mexican, other 
Hispanic, and Chinese populations, and one study used
the Boston Puerto Rican Health Study cohort.144 

The studies used different methods to assess 
acculturation. Four different multidimensional scales 
were used144, 159, 160 and one study relied on the 
assessment of two acculturation proxies.152 All 
measures took into consideration language usage with 
some only using this proxy and others including
additional proxies for acculturation.  

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250439  
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The individual is at the innermost core of the social-
ecological model. In order for policy recommendations
such as the Dietary Guidelines for Americans to be 
fully implemented, motivating and facilitating
behavioral change at the individual level is required.
The collective work presented in this chapter suggests a 
number of promising behavior change strategies that 
can be used to favorably impact a range of health 
related outcomes and to enhance the effectiveness of 
interventions. These include reducing screen time, 
reducing the frequency of eating out at fast- food 
restaurants, increasing frequency of family shared
meals, and self-monitoring of diet and body weight as 
well as effective food labeling to target healthier food 
choices. These strategies complement comprehensive
lifestyle interventions and nutrition counseling by
qualified nutrition professionals. Timely feedback from
registered dietitians/nutritionists and other qualified 
health professionals and engagement of the individual 
as appropriate in individual and group counseling will
enhance outcomes. For this approach to work, it will be
essential for the food environments where low-income 
individuals live to facilitate access to the selection of 
healthy food choices that respect their cultural 
preferences. Likewise, food and calorie label education 

2015 Dietary Guidelines Advisory Committee Report 248 

http://NEL.gov/conclusion.cfm?conclusion_statement_id=250439
http://NEL.gov/conclusion.cfm?conclusion_statement_id=250438


  

 

 

 

 

 

 

 
 

 

 

 

 

 

  

  
 

  

 

  

 
 

 

 

  

 

   should be designed to be understood for low literacy
audiences some of which may have additional English 
language fluency limitations. While viable approaches 
are available now, additional research is necessary to 
improve the scientific foundation for more effective 
guidelines on individual level behavior change for all 
individuals living in the United States, taking into 
account the social, economic and cultural environments
in which they live. 

The evidence reviewed in this chapter indicates that the 
social, economic, and cultural context in which 
individuals live may facilitate or hinder their ability to 
choose and consume dietary patterns that are consistent 
with the Dietary Guidelines. Specifically household 
food insecurity hinders the access to healthy diets for 
millions of Americans. Also, immigrants are at high
risk of losing the healthier dietary patterns 
characteristic of their cultural background as they
acculturate into mainstream America. Furthermore, 
preventive nutrition services that take into account the 
social determinants of health are largely unavailable in 
our health system to systematically address the
nutrition-related health problems of Americans 
including overweight and obesity, CVD, type 2 
diabetes, and other chronic diseases. In summary, this 
chapter calls for: a) continuous support of Federal 
programs to help alleviate the consequences of 
household food insecurity, b) food and nutrition 
assistance programs to take into account the risk that 
immigrants have of giving up their healthier dietary
habits soon after arriving in the United States, and c) 
efforts to provide all individuals living in the United 
States with the environments, knowledge, and tools 
needed to implement effective individual- or family-
level behavioral change strategies to improve the 
quality of their diets and reduce sedentary behaviors. 
As indicated in Part D Chapter 4: Food Environment 
and Settings and Part D Chapter 5: Food 
Sustainability and Safety, achieving these goals will 
require changes at all levels of the social-ecological
model through coordinated efforts among health care 
and social and food systems from the national to the 
local level. 

1(('6�)25�)8785(�5(6($5&+� 

Eating Out 

1.		 Develop a standard methodology to collect and
characterize various types of eating venues. 
Rationale: This recommendation is fundamental to 
conducting rigorous research, evaluating findings 
from multiple studies, and developing policies to 
promote healthy eating among people who frequent 
eating out venues and/or consume take away meals. 

2.		 Conduct rigorously designed research to examine 
the longitudinal impact of obtaining or consuming
meals away from home from various types of 
commonly frequented venues on changes in food 
and beverage intakes (frequency, quantity, and 
composition), body weight, adiposity, and health 
profiles from childhood to adulthood in diverse
(racial/ethnic, socioeconomic, cultural, and 
geographic) groups of males and females. 

Rationale: Most groups in the U.S. population 
regularly consume meals that are prepared away
from home and the landscape of fast food and other 
types of food procurement and consumption venues 
is increasingly complex. The potential for eating out 
and/or take away meals to influence diet quality, 
energy balance, body mass and composition, and the 
risks of health-related morbidities across the lifespan 
among our diverse population underscores the 
importance of understanding this issue. 

Family Shared Meals 

3.		 Conduct studies in diverse populations that assess 
not only frequency of family shared meals, but also 
quality of family shared meals. 

Rationale: Our understanding of the importance of 
family shared meals in terms of how they contribute 
in a positive way to body weight and overall health 
and well-being requires a rigorous examination of 
the dietary quality of these meals compared to other 
meals consumed by family members. 

4.		 Conduct RCTs to isolate the effect of interventions 
that increase the frequency of family meals from
other health and parenting behaviors that may be 
associated with dietary intake and weight status. 
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Rationale:  Family shared meals are commonly
implemented as one component of lifestyle 
interventions that include an array of other 
behavioral and parenting strategies for weight 
management. To improve our understanding of the 
causal pathway of how family shared meals 
contributes to maintaining or achieving a health 
weight, the specific contribution of family shared 
meals to weight outcomes independent of other 
behavioral strategies needs to be ascertained. 

Sedentary Behavior 

5.		 Develop improved and better standardized and 
validated tools to assess sedentary behaviors and 
activities that children, adolescents, and adults 
regularly engage in. 

Rationale: Our understanding of the impact of 
sedentary behaviors on diet, energy balance, body
mass, adiposity, and health is currently
compromised by reliance on subjective assessments, 
including self-reports of daily activity patterns, and 
by inadequate techniques to document and quantify
the array of sedentary activities people engage in 
(beyond TV viewing and (or) computer screen 
time). It also would be beneficial for researchers to 
document the potential benefits and implications of 
reducing one type of sedentary behavior (e.g. screen 
time) on other sedentary behaviors (e.g., reading for 
leisure, arts and crafts, listening to music) and 
indices of health (e.g. sleep quality and duration). 

6.		 Conduct prospective research to examine the 
effects and mechanisms of the quantity, patterns, 
and changes of sedentary behaviors on diet quality, 
energy balance, body weight, adiposity, and health 
across the life span in groups within the U.S.
population with diverse personal, cultural, 
economic, and geographic characteristics. 

Rationale: Emerging, but limited, evidence 
implicates sedentary behaviors with adverse health-
related outcomes, especially in children and 
adolescents as they transition into adulthood. 
However, an improved understanding of why these 
relationships exist will help in developing
appropriate and effective approaches and policies to 
reduce the amount of time people spend engaging in 
sedentary behaviors. 

Self-Monitoring 

7.		 Evaluate the impact of different types, modalities, 
and frequencies of self-monitoring on body weight 
outcomes during both the weight loss intervention 
and maintenance periods. 

Rationale: Self-monitoring is associated with 
improved weight management. However, the current 
practice of recommending daily self-monitoring may 
represent a barrier to its implementation and/or 
continued use. Hence, it is important to determine 
whether lower frequencies of self-monitoring can 
produce beneficial effects on weight outcomes. 

8.		 Evaluate the comparative effectiveness of
performance feedback from self-monitoring
delivered through automated systems versus 
personal interactions with a counselor. 
Rationale: Automated feedback derived from self-
monitoring data and delivered electronically can 
produce beneficial changes on weight outcomes. 
However, the comparative effectiveness and cost 
efficiency of feedback delivered through non-
personal modalities versus personal interactions has 
yet to be determined. 

9.		 Test the effectiveness of self-monitoring on weight 
outcomes in understudied groups, including
ethnic/racial minorities, low education, low
literacy, and low numeracy populations, males, and 
subjects younger than age 30 years and older than 
age 60 years. 

Rationale: Evidence regarding the effectiveness of 
self-monitoring has been derived largely from
research conducted on well educated, middle-class, 
white women. Hence, it is important to determine 
whether the beneficial effects of self-monitoring on 
weight outcomes are generalizable to understudied 
groups. 

10. Conduct RCTs based on sound behavioral change 
theories that incorporate self-monitoring, employ
heterogeneous populations, and are powered for 
small effect sizes and high attrition rates, to test the 
short- (e.g., 3 months) and long-term (e.g., 12 
months) effects of mobile health technologies on 
dietary and weight outcomes. 
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Rationale: Mobile health technologies have the 
potential to reach larger portions of the populations 
than face-to-face interventions, but the effect sizes 
of mobile technologies may be small and the 
attrition rates may be large. Larger, more 
representative study populations and longer study
periods will permit an assessment of the 
generalizability and sustainability of mobile health 
technologies.  

Food and Menu Labeling 

11. Develop novel labeling approaches to provide 
informative strategies to convey caloric intake 
values on food items consumed at home and in 
restaurant settings. 

Rationale: Menu labels can include different types 
of information in addition to calories. These include 
physical activity equivalents, and daily caloric 
needs. Very few studies have been designed to 
examine the optimal combination of menu label 
information to prevent excessive caloric intake. This 
will be very valuable evidence to inform the calorie 
label policy that has just been enacted by the FDA. 

12. Compare labeling strategies across various settings, 
such as restaurants, stores, and the home to
determine their efficacy in altering food selection 
and health outcomes, including weight. 

Rationale: The great majority of menu labeling 
RCT's have been conducted under laboratory
conditions. Given the recent FDA regulations, future 
studies will be able to impact the effectiveness of 
these polices across settings as accessed by diverse 
free living populations.  

13. Evaluate the process and impact of recent FDA 
menu labeling regulation. 

Rationale: The new FDA regulation provides a 
unique opportunity to understand the impact of 
menu labeling on consumers dietary behaviors in 
"real world" settings. 

Household Food Insecurity 

14. Conduct prospective cohort studies that cover a 
wide age range and include children, families, older
adults, and ethnically/racially diverse populations 

and describe potential effect modifiers such as 
gender, ethnic and cultural factors, family structure, 
area of residence (i.e., urban vs. rural), 
employment, and use of social support systems 
while examining the relationship between 
household food insecurity, dietary intake, and body
weight.  

Rationale: Understanding the temporal process of 
when and how long food insecurity occurs within a 
IDPLO\�LQGLYLGXDO¶V�OLIHWLPH�DQG�WKHLU�UHVSRQVH�WR�
this economic stressor is critical to conducting
rigorous research and comparing finding across 
studies in order to develop and implement 
intervention studies and policies to alleviate this 
public health problem. 

15. Standardize research methodology, including
developing a consistent approach to measuring
food insecurity and use of measured height and 
weight to reduce the likelihood of responder bias. 

Rationale: The measurement error issues related to 
the use of self-reported weight have been well 
documented in the literature. In order to conduct 
rigorous studies in this area that can be compared 
and evaluated as to the causal nature of the role of 
food insecurity on body weight, standard 
methodology is warranted both in the measurement 
of the exposure as well as the outcome. 

Acculturation 

16. Conduct prospective longitudinal studies including
those that start in early childhood to track dietary
intake, sedentary behaviors, body weight, and 
chronic disease outcomes across the lifespan.
Include the diversity of ethnic/racial groups in the 
United States, including individuals and families of 
diverse national origins. Include comparison 
groups in countries of origin to rule out, among
other things, the potential confounding by internal 
migration from rural to urban area within the 
country of origin. 

Rationale: Acculturation is a time-dependent life 
course process that requires longitudinal studies to 
be properly understood. Because the impact of 
acculturation on dietary, weight and health outcomes 
can be expected to be modified by the life course 
stage of life when individuals migrate to the United 
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States, prospective acculturation studies need to start 
following individuals from very early childhood.  

17. Develop a standard tool to measure acculturation or
validation of multidimensional acculturation scales 
in different immigrant groups and in different 
languages. 

Rationale: Acculturation is a complex construct that 
is seldom measured with multidimensional scales 
that can capture the different paths that migrant scan 
take with regards to the acculturation process, 
including assimilation, integration, segregation, and 
marginalization. Although research in acculturation 
measurement has been conducted among
Hispanic/Latinos, it has been predominantly based 
on Mexican American populations and little 
acculturation measurement research has been 
conducted among other groups, including
individuals from Asia, Africa, Europe, and the 
Middle East.   

Sleep Patterns 

18. Conduct prospective studies that start in childhood 
(including transition to adulthood), to investigate
the longitudinal effect of sleep patterns on diet and 
body weight outcomes while accounting for 
confounders, mediators, and moderators including: 
physical activity, socioeconomic variables (such as 
education, employment, household income), sex, 
alcohol intake, smoking status (including new 
smoker, new non-smoker), media use/screen time, 
and depression. 

Rationale: While research associates short sleep 
duration and disordered sleep patterns with adverse 
differences and changes in food and beverage 
consumption, body weight, and indices of metabolic 
and cardiovascular health, less is known about the 
impact of potential modifying lifestyle factors. This
research will help delineate the role of sleep 
patterns, duration and quality, i.e., mediator or 
moderator, on diet and weigh-related outcomes. 
Research in children shows that sleep deprivation 
and weight are related but this relationship is not 
apparent in adult studies. This may be due to the fact 
that energy intake increases during transition to short 
sleep duration, but levels off when short sleep 
duration becomes consistent. 

19. Conduct studies to assess the effects of diet on 
sleep quality to examine the mechanism by which 
dietary intake, energy intake, and energy
expenditure may impact sleep.  

Rationale: Most research has focused on sleep 
quality and duration as modifying factors on diet, 
body weight, and health. A paucity of research exists 
on the potential impact of diet on sleep-related 
outcomes. This line of research would use diet as the 
means to improve indices of sleep, which in turn 
may subsequently improve health-related outcomes. 
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3DUW�'��&KDSWHU����)RRG�(QYLURQPHQW�DQG�
6HWWLQJV� 
,1752'8&7,21� 

Few American children, adolescents or adults have 
dietary patterns that are consistent with the Dietary 
Guidelines for Americans. The reasons for this are 
numerous, as what people eat is influenced by many
complex factors, as discussed in Part B. Chapter 2: 
2015 DGAC Themes and Recommendations: 
Integrating the Evidence. These factors span from
individual levels of influence to dimensions of our 
environment. Improving dietary and lifestyle patterns 
and reducing diet-related chronic diseases, including
obesity, will require actions at the individual behavioral 
and population and environmental levels. Behavioral 
strategies are needed to motivate and enhance the
capacity of the individual to adopt and improve their 
lifestyle behaviors. Specific behavioral efforts related 
to eating and foodi and beverage choices include 
improving knowledge, attitudes, motivations, and food
and cooking skills. Environmental change also is 
important because the environmental context and 
conditions affect what and how much people eat and 
what food choices are available. In addition, actions are 
needed to address the disparity gaps that currently exist 
in availability and access to healthy foods in low-
income and rural communities.  

Health and optimal nutrition and weight management 
cannot be achieved without a focus on the synergistic 
linkages and interactions between individuals and their 
environments, and understanding the different domains
of food-related environmental influences. The social 
environment includes social networks and support 
systems, such as those provided by family, friends, and
community cohesion. The physical environment 
includes the multiple settings where people obtain and
consume food, such as their homes, work places, 
schools, restaurants, and grocery stores. The macro-
environment operates within the broader society and 
includes food marketing, economic and price 
structures, food production and distribution systems, 
transportation, and agricultural practices and policies. 

i Note: Throughout this chapter, references to ³IRRGV´� 
VKRXOG�EH�WDNHQ�WR�PHDQ�³foods and beverages.´ 

Collectively, these environments influence what food 
choices we make, and where and how much we eat. 
Although personal responsibility is important, food 
choices are intertwined with and dependent on the 
community and environment context. 

Interest is growing in the role of the environment in 
promoting or hindering healthy eating. Although it is 
up to individuals to decide what and how much they eat
and drink, individual behavior to make healthy choices
is enhanced when there is a supportive environment 
with accessible and affordable healthy choices. Thus, 
individual change is more likely to be facilitated and 
sustained if the environments within which food 
choices are made supports healthful options. As with 
other major public health issues, such as smoking
reduction, injury prevention, and infectious disease 
prevention, greater success at the individual and 
population levels for reducing obesity and diet-related 
chronic diseases are not as likely to occur unless 
environmental influences are identified and modified.  

Meaningful solutions to improve diet and health cannot
only be focused just on individuals, or families but 
must take into account the need for environmental and 
policy change. Environmental and policy changes can 
have a sustaining effect on individual behavior change 
because they can become incorporated into 
organizational structures and systems, and lead to 
alterations in sociocultural and societal norms. Both 
policy and environmental changes also can help reduce
disparities by improving access to and availability of 
healthy food in underserved neighborhoods and 
communities. Federal nutrition assistance programs, in 
particular, play a vital role in achieving this 
objective through access to affordable foods that help 
millions of Americans meet Dietary Guidelines 
recommendations. 

7KH�1DWLRQ¶V�XOWLPDWH�JRDO�VKRXOG�EH�QHLJKERUKRRGV�
and communities where healthy, affordable food and 
beverages are available to everyone in the United States
in multiple settings, where healthy foods rather than 
unhealthy foods are the likely choice (optimal default), 
where social norms embrace and support healthy 
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eating, and where children grow up enjoying the taste
of vegetables, fruits, whole grains, and nonfat or low-
fat dairy products and water instead of energy-dense 
foods with low nutrient density and that are high in 
refined grains, saturated fats, sodium, and added 
sugars. So too, it is important that these behaviors can 
be sustained throughout the lifespan and in settings 
where adults and older adult populations work or are 
served and reside. 

The questions asked and reviewed in this chapter 
address place-based environments that influence the 
foods that individuals, families and households obtain 
and consume, and on the community settings in which 
they spend much of their time. The DGAC considered 
several settings but prioritized four key settings to
examine for this report: neighborhood and community
food access; child care (early care and education); 
schools; and worksites. The Committee examined the 
relationship of these settings to diet quality and weight 
status. Because of the need to identify effective 
population-level strategies, the Committee focused 
specifically on reviewing the scientific literature to
determine the impact of place-based obesity prevention
and dietary interventions. Because of time demands, 
the Committee could not address other important 
settings, such as after-school settings, recreational 
settings, and faith-based institutions, as well as more 
macro-environmental influences such as food 
marketing and economic impacts. Despite the lack of 
time to examine these settings, the DGAC considers 
them to be very important environmental influencers on
dietary intake. 

/,67�2)�48(67,216� 

)RRG�$FFHVV� 

1.		 What is the relationship between neighborhood and 
community access to food retail settings and 
LQGLYLGXDOV¶�GLHWDU\�LQWDNH�DQG�TXDOLW\" 

2.		 What is the relationship between neighborhood and 
community access to food retail settings and weight 
status? 

(DUO\�&DUH�DQG�(GXFDWLRQ� 

3.		 What is the impact of obesity prevention 
approaches in early care and education programs 
on the weight status of children ages 2 to 5 years? 

6FKRROV� 

4.		 What is the impact of school-based approaches on
the dietary intake, quality, behaviors, and/or 
preference of school-aged children? 

5.		 What is the impact of school-based policies on the 
dietary intake, quality, behaviors, and/or 
preferences of school-aged children? 

6.		 What is the impact of school-based approaches on
the weight status of school-aged children? 

7.		 What is the impact of school-based policies on the 
weight status of school-aged children? 

:RUNVLWH� 

8.		 What is the impact of worksite-based approaches 
on the dietary intake, quality, behaviors and/or 
preferences of employees? 

9.		 What is the impact of worksite policies on the 
dietary intake, quality, behaviors and/or 
preferences of employees? 

10. What is the impact of worksite-based approaches 
on the weight status of employees? 

11. What is the impact of worksite policies on weight 
status of employees? 

0(7+2'2/2*<� 

Questions related to food access were answered using
Nutrition Evidence Library (NEL) systematic reviews, 
while questions related to schools and worksites were 
answered using existing systematic reviews. The early
care and education question was answered using an 
existing systematic review with a NEL systematic 
review update. Descriptions of the NEL process and the 
use of existing systematic reviews are provided in Part 
C: Methodology. All NEL reviews were conducted in 
accordance with NEL methodology, and the DGAC
made all substantive decisions required throughout the
process to ensure that the most complete and relevant 
body of evidence was identified and evaluated to 
answer each question. All steps in the process were 
documented to ensure transparency and reproducibility. 
Specific information about individual systematic 
reviews can be found at www.NEL.gov, including the 
search strategy, inclusion and exclusion criteria, a 
complete list of included and excluded articles, and a 
detailed write-up describing the included studies and 
the body of evidence. Specific information about the 
use of existing systematic reviews, including the search 
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strategy, inclusion and exclusion criteria, and a detailed
write-up describing the included studies and the body
of evidence can be found at 
www.DietaryGuidelines.gov. A link for each question
is provided following each evidence review. 

)22'�$&&(66� 

Understanding how access to nutritious and affordable 
food at various retail establishments--from convenience 
stores, to farmers markets, to large box stores--support 
individuals in their consumption of a high quality diet 
and ability to achieve a healthy body weight was the 
focus of the food access questions. Because the two 
food access questions are complementary, the DGAC
choose to develop only one implication statement for 
both questions. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
QHLJKERUKRRG�DQG�FRPPXQLW\�DFFHVV�WR�IRRG� 
UHWDLO�VHWWLQJV�DQG�LQGLYLGXDOV¶�GLHWDU\�LQWDNH�
DQG�TXDOLW\"�� 

6RXUFH�RI�HYLGHQFH� NEL systematic review 

&RQFOXVLRQ� 

Emerging evidence suggests that the relationship 
beWZHHQ�DFFHVV�WR�IDUPHUV¶�PDUNHWV�SURGXFH�VWDQGV�DQG�
dietary intake and quality is favorable. The body of 
evidence regarding access to other food outlets, such as
supermarkets, grocery stores, and convenience/corner 
stores, and dietary intake and quality is limited and 
inconsistent. DGAC Grade: Grade not assignable 

5HYLHZ�RI�WKH�(YLGHQFH� 

This systematic review included 18 studies published 
between 2007 and 2013, including 15 cross-sectional 
studies,1-15 by independent investigators with sufficient 
sample sizes, 1 longitudinal study16 and 2 controlled 
trials17, 18 (one RCT and one non-randomized) 
examining the relationship between food access and 
dietary intake and/or quality. 

The studies used multiple approaches to assess food 
access and dietary intake, quality, and variety. The 
majority of studies measured food access by the density
of food outlets within a specified distance from a 
SDUWLFLSDQW¶V�UHVLGHQFH�DQG�RU�SUR[LPLW\�WR�YDULRXV�IRRG� 

outlets. The majority of studies assessed dietary intake 
by focusing on vegetable and fruit consumption; diet 
quality and variety were predominantly determined by
various validated diet indices including, but not limited 
to, the Healthy Eating Index (HEI). 

Although food access was assessed across wide-
ranging geographic, ethnic, racial, and income groups, 
due to the wide variation in methods used to determine 
food access, making comparisons across studies was 
challenging. Despite this variability, a consistent 
UHODWLRQVKLS�ZDV�LGHQWLILHG�EHWZHHQ�IDUPHUV¶�
markets/produce stands and dietary intake.6, 15 Two 
cross-sectional studies found statistically significant,
IDYRUDEOH�DVVRFLDWLRQV�EHWZHHQ�DFFHVV�WR�IDUPHUV¶�
markets/produce stands and dietary intake (assessed by
individual vegetable and fruit consumption) and diet 
variety and quality (both assessed by the HEI). Due to 
the variability of studies and paucity of data, no 
consistent associations regarding dietary outcomes and 
access to other food outlets were evident. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250425  

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
QHLJKERUKRRG�DQG�FRPPXQLW\�DFFHVV�WR�IRRG� 
UHWDLO�VHWWLQJV�DQG�ZHLJKW�VWDWXV"� 

6RXUFH�RI�HYLGHQFH��NEL systematic review� 

&RQFOXVLRQ� 

Limited but consistent evidence suggests that the 
relationship between access to convenience stores and 
weight status is unfavorable, with closer proximity and 
greater access being associated with significantly
higher body mass index (BMI) and/or increased odds 
of overweight or obesity. DGAC Grade: Limited 

The body of evidence on access to other food outlets,
VXFK�DV�VXSHUPDUNHWV��JURFHU\�VWRUHV��DQG�IDUPHUV¶�
markets/produce stands, and weight status is limited 
and inconsistent. DGAC Grade: Grade not 
assignable  

5HYLHZ�RI�WKH�(YLGHQFH� 

This systematic review included 26 studies published 
between 2005 and 2013, including 19 cross-sectional 
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studies1, 6, 8, 14, 19-33 and 7 longitudinal studies34-40 

examining the relationship between food access and 
weight status. 

The studies used multiple approaches to assess food 
access and measures of weight status. The majority of 
studies measured food access by the density of food 
RXWOHWV�ZLWKLQ�D�VSHFLILHG�GLVWDQFH�IURP�D�SDUWLFLSDQW¶V�
residence and/or proximity to various food outlets. The
primary weight status outcome was BMI, which was 
derived from height and weight. 

Due to the wide variation in methods used to determine 
food access, making comparison across studies was 
challenging. Despite this variability, the relationship 
between convenience stores and weight status was 
consistent across the evidence. Seven studies19, 23, 24, 26­

28, 37 (six cross-sectional and one longitudinal) found 
statistically significant associations between access to 
convenience stores and BMI and/or increased odds of
overweight or obesity. Five of these studies were 
completed in an adult sample; two assessed this 
relationship among children. Due to the variability of 
studies and paucity of data, no consistent associations 
regarding weight status and access to other food outlets
were evident. 

The evidence base included several studies of weaker 
design, mostly cross-sectional, by independent
investigators with sufficient sample sizes. The findings 
across studies were inconsistent for all food outlet 
types, except for convenience stores, which were 
evaluated in only seven studies. Although food access 
was assessed across geographic, ethnic, racial and 
income groups, the variability in methodology made it 
difficult to compare studies. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250459  

,PSOLFDWLRQV�IRU�WKH�)RRG�$FFHVV�7RSLF�$UHD� 

For people to improve their diets and health, they need 
to have access to high quality and affordable healthy
foods in environments where they live, work, learn,
and/or play across the lifespan. Limited access to 
affordable and healthy food is a challenge, particularly
for families living in rural areas and low-income 
communities. Innovative approaches to bring healthy
food retail options into communities have proliferated, 

especially in underserved areas. These include creating
financing programs to incentivize grocery store 
development; improving availability of healthy food at 
corner stores and bodegas, farmers markets and mobile 
markets, shelters, food banks, community
gardens/cooperatives, and youth-focused gardens; and 
creating new forms of wholesale distribution through 
food hubs. However, most of these approaches lack
adequate evaluation. These and other promising equity-
oriented efforts need to continue and be evaluated and 
then successfully scaled up to other communities.  

To ensure healthy food access to everyone in the 
United States, action is needed across all levels² 
Federal, state, and local²to create private-public 
partnerships and business models, with the highest
priority on those places with greatest need. Similar 
efforts are needed to reduce access to, and consumption 
of, calorie-dense, nutrient-poor foods and sugar-
sweetened beverages in community settings. These 
efforts need to be seamlessly integrated with food 
assistance programs, such as food banks, soup kitchens,
and Federal nutrition assistance programs, such as the 
Special Supplemental Program for Women, Infants and
Children (WIC) and the Supplemental Nutrition 
Assistance Program (SNAP) and elder nutrition. 

($5/<�&$5(�$1'�('8&$7,21� 

About one in five preschool children are overweight or 
obese,41 and growing evidence indicates that 
preschoolers who are overweight or obese experience 
negative physical consequences, including cardio­
metabolic abnormalities,42 making evident the need for 
effective efforts to prevent excessive weight gain for 
this age group. 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�REHVLW\� 
SUHYHQWLRQ�DSSURDFKHV�LQ�HDUO\�FDUH�DQG� 
HGXFDWLRQ�SURJUDPV�RQ�WKH�ZHLJKW�VWDWXV�RI� 
FKLOGUHQ�DJHV���WR���\HDUV"� 

Source of evidence: Existing systematic review 
with a NEL systematic review update 

&RQFOXVLRQ� 

Moderate evidence suggests that multi-component 
obesity prevention approaches implemented in child 
care settings improve weight-related outcomes in 
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preschoolers. A combination of dietary and physical
activity interventions is effective for preventing or 
slowing excess weight gain and reducing the proportion
of young children ages 2 to 5 years who become 
overweight or obese. DGAC Grade: Moderate 

,PSOLFDWLRQV� 

Existing evidence indicates that multi-component 
interventions that incorporate both nutrition and 
physical activity are effective in reducing excessive
weight gain in preschool children. Successful strategies
include: curricular enhancements of classroom 
education for children on both nutrition education and 
physical activity, outreach engagement to parents about 
making positive changes in the home, improvements in
the nutrition quality of meals and snacks served in the 
child care program, modifying food service practices,
improving the mealtime environment, increasing
physical activity play, reducing sedentary behaviors, 
and improving outdoor playground environments. 
Evidenced-based healthy eating and physical activity
practices should be implemented in child care settings 
with training and technical assistance for staff. At the 
Federal, state, and local levels, policies are needed that 
create strong nutrition and physical activity standards
and guidelines in child care settings. There is a need to
strengthen policies at the Federal, state, and local levels 
for strong nutrition and physical activity standards and 
guidelines in child care settings. 

It is important that child care facilities provide meals 
and snacks that are consistent with the meal patterns in
the Federal Child and Adult Care Food Program
(CACFP)43 to ensure that young children have access to
healthy meals and snacks and age-appropriate portions. 
Drinking water also needs to be readily available and 
accessible to children. Government agencies should 
ensure access to affordable, nutritious foods through 
CACFP and maximize participation in the program. 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio included one existing
systematic review from Zhou et al.44 and a de novo 
NEL systematic review updating the evidence base. 
The Zhou et al. review included 15 controlled trials 
published between 2000 and 2012; the NEL review 
included seven studies45-52 (eight publications) 
published between 2012 and 2014. Both reviews 

examined the impact of obesity prevention approaches 
on the weight status of children ages 2 to 5 years. 

The studies used a variety of intervention strategies
targeting behaviors that affect body weight. Most
approaches were multi-component, with a combination
of interventions targeting children, their parents, and/or 
staff of early care and education programs. The primary
weight status outcomes of interest were BMI and BMI 
z-score. 

The body of available evidence describes a large 
variation in excessive weight gain prevention 
approaches, making comparison across studies 
challenging. Despite this variability, multi-component 
interventions were effective in reducing BMI and 
preventing excess weight gain. Seven of 10 multi­
component studies included in the Zhou et al. review 
demonstrated improvements in weight-related 
outcomes. Six of the seven interventions included in 
the NEL review demonstrated that multi-component
interventions effectively reduce BMI or prevent excess 
weight gain in children ages 2 to 5 years.  

The evidence base included several studies of strong
design by independent investigators, specifically
controlled trials, with sufficient sample sizes. Some 
inconsistency was evident across studies and may be 
explained by differences in the populations sampled, 
outcome measures, duration or exposure of
intervention, and follow-up periods. Although the 
majority of the studies included in the evidence 
portfolio effectively reduced BMI or prevented excess 
weight gain, the magnitude of the effect as well as the 
clinical and public health significance was difficult to 
assess because of the differences in measures and 
methodology. 

For additional details on this body of evidence, visit:
http://NEL.gov/topic.cfm?cat=3355 

6&+22/6� 

There are 49.6 million children aged 6-17 years in the 
United States, and the vast majority are educated in 
public or private school settings. School-based 
programs and policies at the local, state, and federal
levels are cornerstones of food accessibility, 
availability, and consumption at schools, which
underscore why this setting is a major determinant of
nutritional intake and growth, development, and health 
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of school-aged children.�Because the schools questions
are complementary, the DGAC choose to develop only
one implication statement for the four questions.  

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�VFKRRO� 
EDVHG�DSSURDFKHV�RQ�WKH�GLHWDU\�LQWDNH�� 
TXDOLW\��EHKDYLRUV��DQG�RU�SUHIHUHQFHV�RI� 
VFKRRO�DJHG�FKLOGUHQ"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Moderate evidence indicates that multi-component 
school-based approaches can increase daily vegetable 
and fruit consumption in children in grades 
kindergarten through 8th. Sufficient school-based 
studies have not been conducted with youth in grades 9
to 12. Vegetable and fruit consumption individually, as
well as in combination, can be targeted with specific 
school-based approaches. DGAC Grade: Moderate 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio included three systematic
reviews;53-55 two of which included meta-analyses,53, 55 

which collectively evaluated 75 studies published 
between 1985 and 2011. Forty-nine studies were 
conducted in the United States and the remaining
studies were completed in other highly developed 
countries. The systematic reviews examined the impact 
of school-based approaches targeting the dietary intake, 
quality, behaviors and/or preferences of school-aged 
children.  

The studies used a variety of intervention strategies.
Some approaches were multi-component, with a 
combination of interventions targeting children, their
parents, and/or the school environment. The primary
dietary outcome of interest was vegetable and fruit
intake. 

In the body of available evidence, the school-based 
approaches were diverse, making comparison across 
studies challenging. Despite this variability, multi­
component interventions, and in particular those that 
engaged both children and their families, were more 
effective than single-component interventions for 
eliciting significant dietary improvements. Broadly, 
school-based intervention programs moderately
increased total daily vegetable and fruit intakes and 

fruit (with and without fruit juice) intake alone. 
Furthermore, results showed that school-based 
economic incentive programs can effectively increase 
vegetable and fruit consumption and reduce 
consumption of low-nutrient-dense foods while 
children are at school. Nutrition education programs 
that include gardening effectively increased the 
consumption of vegetables in school-aged children, 
along with small, but significant increases in fruit 
intake. 

The evidence base included three reviews evaluating
several studies by independent investigators with 
sufficient sample sizes. Some inconsistency was 
evident across studies and may be explained by
differences in the populations sampled, outcome 
measures, duration or exposure of intervention and 
follow-up periods. Although findings indicated that 
school-based approaches effectively increased the 
combined intake of vegetable and fruit, the magnitude 
of the effect as well as the public health significance 
was difficult to assess because of differences in 
measures and methodology. 

For additional details on this body of evidence, visit:
Appendix E-2.29a and Appendix E-2.29b 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�VFKRRO� 
EDVHG�SROLFLHV�RQ�WKH�GLHWDU\�LQWDNH��TXDOLW\�� 
EHKDYLRUV��DQG�RU�SUHIHUHQFHV�RI�VFKRRO�DJHG� 
FKLOGUHQ"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Strong evidence demonstrates that implementing
school policies for nutrition standards to improve the 
availability, accessibility, and consumption of healthy
foods and beverages sold outside the school meal 
programs (competitive foods and beverages) and (or) 
reducing or eliminating unhealthy foods and beverages 
are associated with improved purchasing behavior and
result in higher quality dietary intake by children while 
at school. DGAC Grade: Strong 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio includes two systematic
reviews,54, 56 which collectively evaluated 52 studies 
published between 1990 and 2013. Forty-one studies 
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were conducted in the United States and the remaining
studies were conducted in other highly-developed 
countries. The systematic reviews examined the impact 
of school policies, at the state and district levels, on 
dietary intake and behaviors. 

The studies included a variety of policies, including
economic incentives and both state and school-district 
policies, targeting behaviors related to dietary intake. 
The primary outcomes of interest were vegetable and 
fruit intakes and availability, purchasing, and 
consumption of competitive foods and beverages 
(CF&B). 

In the body of available evidence, school policies were
diverse, making comparison across studies challenging.
Despite this variability, school-based policies targeting 
the availability of foods and beverages can positively
influence the behaviors related to nutrition among
children while they are at school. School-based 
economic incentive programs can effectively increase 
vegetable and fruit consumption and reduce 
consumption of low-nutrient-dense foods while 
children are at school. The implementation of school 
policies to change the availability and accessibility of 
healthier foods and beverages versus unhealthy CF&B 
is associated with the expected changes in consumption
within the school setting. In addition, strong and 
consistent enforcement of more comprehensive policies 
to change the availability of healthier foods and
beverages versus unhealthy CF&B at schools is 
associated with desired changes in consumption and 
purchasing within the school setting. Also, policies 
restricting the use of food as a reward for academic 
performance or as part of a fundraiser were associated 
with a reduction in using foods and beverages for these 
purposes. 

The evidence base included two reviews evaluating
several studies by independent investigators with 
sufficient sample sizes. Although findings indicated
that school policies can effectively increase the
combined intake of vegetables and fruits and/or 
decrease the availability, purchasing, and consumption 
of unhealthy CF&B, the magnitude of the effect as well
as the public health significance is difficult to ascertain. 

For additional details on this body of evidence, visit:
Appendix E-2.30 and Appendix E-2.29b 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�VFKRRO� 
EDVHG�DSSURDFKHV�RQ�WKH�ZHLJKW�VWDWXV�RI� 
VFKRRO�DJHG�FKLOGUHQ"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Moderate and generally consistent evidence indicates
that multi-component school-based approaches have
beneficial effects on weight status (BMI or BMI-z
reduced on average by 0.15 kg/m2), especially for 
children ages 6 to 12 years. DGAC Grade: Moderate 

The body of evidence regarding the impact of school-
based approaches on weight status among adolescents 
is limited due to an insufficient number of studies. 
DGAC Grade: Not Assignable 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio included two systematic
reviews;57, 58 one of which included a meta-analysis.57 

Collectively, 108 studies targeting children in school 
published before August 2012 were evaluated. Forty-
nine studies were conducted in the United States and 
the remaining studies were completed in other highly
developed countries. The systematic reviews examined 
the impact of school-based approaches targeting
obesity prevention among school-aged children. 

The studies used a variety of intervention strategies
targeting behaviors related to dietary intake and/or 
physical activity. Some approaches were multi­
component, with a combination of interventions 
targeting children, their parents, and/or the school 
environment. The primary outcomes of interest were 
BMI, changes in BMI, rate of weight gain, body fat 
percentage, waist circumference, skin fold thickness, 
and prevalence of overweight and obesity. 

In the body of available evidence, the school-based 
approaches were diverse, making comparison across 
studies challenging. Despite this variability, school-
based interventions significantly improved weight-
related outcomes. Multi-component interventions, and
in particular those implemented longer term (more than
6 months), were more effective than single-component 
and short-term (3 to 6 months) interventions. Evidence 
supporting the effectiveness of school-based 
interventions among children ages 6 to 12 years was 
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robust, while findings among adolescents ages 13 to 18
years were weaker, but trended toward effectiveness. 

The evidence base included two reviews evaluating
several studies by independent investigators with 
sufficient sample sizes. Although findings indicated
that school-based approaches effectively improve 
weight-related outcomes, in particular among children 
between the ages of 6 and 12 years, a high degree of
heterogeneity means these findings should be 
interpreted cautiously. Although the magnitude of the 
effect was clinically meaningful, the public health 
significance was difficult to ascertain. 

For additional details on this body of evidence, visit:
Appendix E-2.31 and Appendix 2.29b 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�VFKRRO� 
EDVHG�SROLFLHV�RQ�WKH�ZHLJKW�VWDWXV�RI�VFKRRO� 
DJHG�FKLOGUHQ"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Although moderate evidence indicates that school 
policies improve dietary intake, limited evidence 
suggests that school policies targeting nutrition, alone 
and in combination with physical activity, may
beneficially affect weight-related outcomes. DGAC 
Grade: Limited 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio included two systematic
reviews,56, 59 which collectively evaluated 45 studies 
published between 2003 and 2013. Forty studies were 
conducted in the United States and the remaining
studies were conducted in other highly developed 
countries. The systematic reviews examined the impact 
of school policies, at the state and district levels, on 
weight-related outcomes.  

The studies included a variety of policies at the school, 
school-district, or state level, targeting behaviors
related to dietary intake, alone and in combination with
physical activity. The primary outcome of interest was
BMI. 

Limited research exists to systematically review and 
quantitatively evaluate the effect of school-based 

nutrition policies on the weight status of children. In
addition, high heterogeneity among studies warrants 
caution when drawing conclusions from the results. In
the body of available evidence, the findings related to 
the impact of school policies targeting nutrition and 
physical activity on weight outcomes were mixed. 
Even so, dietary policies related to the School 
Breakfast Program were associated with a lower BMI
among students who participated in the program in 
comparison to students who did not participate. 
Overall, school-based, multi-component interventions 
including policy elements and policies and laws
regarding the availability and accessibility of CF&B in
schools warrant further research as ways to target 
childhood obesity. 

The evidence base included two reviews evaluating
several studies by independent investigators with 
sufficient sample sizes. However, most studies were of
weaker design (i.e., cross-sectional) and findings were 
inconsistent. 

For additional details on this body of evidence, visit:
Appendix E-2.32 and Appendix E-2.29b 

,PSOLFDWLRQV�IRU�WKH�6FKRROV�7RSLF�$UHD� 

Existing evidence indicates that school-based programs 
designed to improve the food environment and support 
healthy behaviors may effectively promote improved 
dietary intake and weight status of school-aged 
children. Programs that emphasize multi-component, 
multi-dimensional approaches (including increased 
physical activity) are important to changing behavior 
and need to be reinforced within the home 
environment, as well as the community, including
neighborhood food retail outlets that surround schools. 
Policies should strive to support effective programs that 
increase availability, accessibility, and consumption of
healthy foods, while reducing less healthy CF&B. The
combination of economic incentives along with 
specific policies can increase the likelihood that 
specific approaches will be effective.  

The recently updated USDA nutrition standards for 
school meals, snacks, and beverages sold in schools
will ensure that students throughout the United States 
will have healthier school meals and snack and 
beverage options, but schools need support and active 
engagement from students, parents, teachers, 
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administrators, community members, and their districts
and states to successfully implement and sustain them. 

:25.6,7(6� 

Many workplaces are located in areas where food 
options are limited, which makes the workplace an 
important setting for approaches focused on dietary
intake and environmental modifications. Because the 
worksite questions are complementary, the DGAC
choose to develop only one implication statement for 
the four questions. 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�ZRUNVLWH� 
EDVHG�DSSURDFKHV�RQ�WKH�GLHWDU\�LQWDNH�� 
TXDOLW\��EHKDYLRUV�DQG�RU�SUHIHUHQFHV�RI� 
HPSOR\HHV"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Moderate evidence indicates that multi-component 
worksite approaches can increase vegetable and fruit 
consumption of employees. DGAC Grade: Moderate 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio includes two systematic
reviews,60, 61 which collectively evaluated 35 studies by
independent investigators with sufficient sample sizes
published before November 2012. The systematic
reviews examined the impact of worksite-based 
approaches targeting the dietary intake, quality, 
behaviors, and/or preferences of employees. 

The studies used a variety of intervention approaches 
targeting behaviors related to dietary intake; some were 
delivered in-person and others were delivered through 
the Internet. Some inconsistencies are evident across 
studies and may be explained by differences in the 
populations sampled and methodologies used, 
including the types and durations of intervention and 
follow-up periods. Some approaches were multi­
component, with a combination of interventions 
targeting employees and/or the food environment at the
worksite. The primary dietary outcome of interest was 
vegetable and fruit intake. 

Among the body of evidence available, multi­
component interventions, and in particular those that 
incorporated face-to-face contact and nutrition 
education, were more effective than single-component 
interventions for eliciting significant dietary
improvements. Overall, worksite-based intervention 
programs moderately increase vegetable and fruit 
intakes, although the magnitude of the effect is difficult
to assess. Nutrition education and internet-based 
programs appear to be promising approaches for 
eliciting desired dietary modifications when 
incorporated into multi-component interventions. 

For additional details on this body of evidence, visit:
Appendix E-2.33a and Appendix E-2.33b 

4XHVWLRQ����:KDW�LV�WKH�LPSDFW�RI�ZRUNVLWH� 
EDVHG�SROLFLHV�RQ�WKH�GLHWDU\�LQWDNH��TXDOLW\�� 
EHKDYLRUV�DQG�RU�SUHIHUHQFHV�RI�HPSOR\HHV"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Moderate and consistent evidence indicates that 
worksite nutrition policies, alone and in combination 
with environmental changes and/or individual-level 
nutrition and health improvement strategies, can 
improve the dietary intake of employees. Multi­
component interventions appear to be more effective 
than single-component interventions. DGAC Grade: 
Moderate 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio includes one systematic
review,62 which evaluated 27 studies by independent 
investigators with sufficient sample sizes published 
between 1985 and 2010. The review examined the 
evidence for the effectiveness of a variety of worksite 
health promotion programs using environmental and/or
policy changes either alone or in combination with 
health behavior change strategies focused on individual 
employees. 

Some interventions were multi-component, with a
combination of strategies targeting employees and/or 
the food environment at the worksite. Strategies 
included point-of-purchase labeling, increased 
availability of healthy food items, and/or educational 
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programs and materials. The primary dietary outcome 
of interest was vegetable and fruit intake. 

In the body of evidence available, the worksite-based 
policies were diverse, thus it was challenging to 
identify the most effective strategies. Despite this 
variability, multi-component interventions, and in 
particular those that targeted individual employees in
addition to the environment, were more effective than
single-component interventions for eliciting significant
dietary improvements. Overall, worksite interventions
moderately increased vegetable and fruit intakes. 

Some inconsistency was evident across studies 
assessed for the systematic review in regards to
scientific rigor and impact. The inconsistencies may be
explained by differences in the populations sampled 
and methodologies used, including duration, exposure 
of the intervention, and follow-up periods. Although 
findings indicate that worksite policies increase 
consumption of vegetables and fruit, the magnitude of
the effect was difficult to assess. 

For additional details on this body of evidence, visit:
Appendix E-2.34 and Appendix E-2.33b 

4XHVWLRQ�����:KDW�LV�WKH�LPSDFW�RI�ZRUNVLWH� 
EDVHG�DSSURDFKHV�RQ�WKH�ZHLJKW�VWDWXV�RI� 
HPSOR\HHV"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

Moderate and consistent evidence indicates that multi­
component worksite approaches targeting physical 
activity and dietary behaviors favorably affect weight-
related outcomes. DGAC Grade: Moderate 

5HYLHZ�RI�WKH�(YLGHQFH� 

This evidence portfolio includes two systematic
reviews,61, 63 one of which included meta-analyses.63 

The systematic reviews examined the impact of 
worksite-based approaches on the weight status of
employees. Collectively, 70 studies published before 
November 2012 were evaluated. 

The studies used a variety of intervention strategies
targeting behaviors related to weight status; some were
delivered in-person and others were delivered through 

the Internet. The primary outcomes of interest were
body weight, BMI, and body fat percentage. 

In the body of evidence available, multi-component 
interventions, and in particular those that incorporated
face-to-face contact and targeted behaviors related to 
diet and physical activity, were more effective than 
single-component interventions for eliciting significant
improvements in weight-related outcomes. Overall, 
worksite-based intervention programs significantly
decreased body weight, BMI, and body fat percentage. 
Internet-based programs appeared to be promising
approaches for eliciting behavior changes and 
improving related health outcomes. 

The evidence base included two reviews evaluating
several studies by independent investigators with 
sufficient sample sizes. Some inconsistencies were 
evident across studies and may be explained by
differences in the populations sampled and 
methodologies, including duration or exposure of
intervention and follow-up periods. Although findings 
indicated that worksite-based approaches effectively
improve the weight status of employees, the magnitude
of the effect was difficult to assess. 

For additional details on this body of evidence, visit:
Appendix E-2.35 and Appendix E-2.33b 

4XHVWLRQ�����:KDW�LV�WKH�LPSDFW�RI�ZRUNVLWH� 
EDVHG�SROLFLHV�RQ�WKH�ZHLJKW�VWDWXV�RI� 
HPSOR\HHV"� 

Source of evidence: Existing systematic reviews 

&RQFOXVLRQ� 

The body of evidence assessing the impact of worksite 
policies on the weight status of employees is very
limited. DGAC Grade: Not Assignable 

5HYLHZ�RI�WKH�(YLGHQFH�� 

This evidence portfolio included one systematic
review,62 which evaluated 27 studies published between
1985 and 2010. The review examined the evidence for 
the effectiveness of worksite health promotion 
programs using environmental and/or policy changes 
either alone or in combination with individually-
focused health behavior change strategies. 
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The studies used a variety of policies targeting
behaviors that can influence weight status. Some 
studies assessed the impact of policies (e.g., catering
policies and company policies rewarding employees for 
healthy behaviors) combined with individual-level
strategies. Some interventions were multi-component, 
with a combination of strategies targeting employees 
(e.g., point-of-choice messaging including nutrition 
information in cafeterias and reminders to use stairs) 
and/or the food environment at the worksite (e.g., 
increased availability of healthy food options). The 
health outcomes of interest included BMI, blood 
pressure, and cholesterol. 

In the body of evidence available, worksite policies
either alone or in combination with individually-
focused health behavior change strategies did not affect 
the weight status of employees. However, interventions
incorporating both environmental and individual 
strategies can lead to significant improvement in 
behaviors related to weight status (e.g., dietary intake). 
The lack of impact may be due to length of exposure or
the duration of the follow-up period. 

The evidence base included one review evaluating
several studies by independent investigators with 
sufficient sample sizes. The studies were inconsistent 
in their scientific rigor. Due to the variability of studies
and paucity of data, no consistent associations 
regarding worksite policies and the weight status of 
employees were evident. 

For additional details on this body of evidence, visit:
Appendix E-2.36 and Appendix E-2.33b 

,PSOLFDWLRQV�IRU�WKH�:RUNVLWH�7RSLF�$UHD� 

Existing evidence indicates that worksite approaches 
focused on dietary intake can increase fruit and 
vegetable intakes of employees. Multi-component 
programs targeting nutrition education in combination
with dietary modification interventions are found to be
effective. Additionally, environmental modifications in
conjunction with a variety of worksite policies 
targeting dietary modification, including point-of­
purchase information, catering policies, and menu 
labeling are effective. Thus, these evidence-based 
strategies should be implemented in worksites through 
a variety of means, such as corporate wellness 
programs, food service policies, and health benefits 
programs. Programs should emphasize multi­

component approaches targeting diet and physical 
activity while policies should support behavior changes
associated with improving health outcomes such as
increasing the availability of healthy foods within the 
workplace and encouraging more physical activity
throughout the workday. Given that approximately 64 
percent of adults are employed and spend an average of 
34 hours per week at work, the workplace remains an 
important setting for environmental and behavioral 
interventions for health promotion and disease 
prevention. 

&+$37(5�6800$5<� 

Environmental and policy approaches are needed to 
complement individual-based efforts to improve diet
quality and reduce obesity and other diet-related 
chronic diseases. These approaches have the potential 
for broad and sustained impact at the population level. 
The DGAC focused on physical environments
(settings) in which foods are available. Our aim was to
better understand the impact of the food environment to
promote or hinder diet quality healthy eating in these 
settings and to identify the most effective evidence-
based diet-related approaches and policies to improve 
diet quality and weight status. The DGAC
systematically reviewed and graded the scientific 
evidence in these four settings, community food access, 
child care, schools and worksites, and their 
relationships to dietary quality and weight status. 

The DGAC found moderate and promising evidence 
that multi-component obesity prevention approaches 
implemented in child care settings, schools, and
worksites improve weight-related outcomes; strong to 
moderate evidence that school and worksite policies are 
associated with improved dietary intake; and moderate 
evidence that multi-component school-based and 
worksite approaches increase vegetable and fruit
consumption. For the community food access questions 
addressing the relationship between food retail settings 
and dietary intake/quality and weight status the 
evidence was too limited or insufficient to assign 
grades. To reduce the disparity gaps that currently exist 
in low resource and underserved communities, more 
solution-oriented strategies need to be implemented 
and evaluated on ways to increase access to and 
procurement of healthy affordable foods, and also to
reduce access to energy-dense, nutrient-poor foods.64, 65 

Although several innovative approaches are taking 

2015 Dietary Guidelines Advisory Committee Report 274 



 

 

 
 

 
 

 

 

  

 

 
 

 
 

 
 

 

 

  

 

 

  

 

 
 

 

 

 
 

 
 

 
 

   

place now throughout the country, they generally lack
adequate evaluation efforts. 

2QH�VWULNLQJ�DVSHFW�RI�WKH�&RPPLWWHH¶V�ILQGLQJV�ZDV�
the power of multi-component interventions over single 
component interventions. For obesity prevention, 
effective multi-component interventions incorporated
both nutrition and physical activity using a variety of 
strategies such as environmental policies to improve 
the availability and provision of healthy foods;
increasing opportunities for physical activity, increased
parent engagement; and educational approaches, such 
as a school nutrition curriculum. For multi-component 
dietary interventions (e.g., to increase consumption of 
vegetables and fruits) the most effective strategies 
included nutrition education, parent engagement, and 
environmental modifications (e.g., policies for nutrition
standards, food service changes, point of purchase 
information). 

The evidence reviewed in this chapter will inform and 
guide new multi-component individual and 
environmental and policy approaches in settings where
people eat and procure their food to successfully target 
improvements in dietary intake and weight status.
Collaborative partnerships and strategic efforts are 
needed to translate this evidence to action. Further 
work on restructuring the environment to facilitate 
healthy eating and physical activity, especially in high 
risk populations, is needed to advance evidence-based 
solutions that can be scaled up.  

1(('6�)25�)8785(�5(6($5&+� 

1.		 Develop more valid and reliable methods for
measuring all aspects of the food environment, 
including the total food environment of
communities. These methods can then be used to 
assess the impact of the food environment on 
community health as well as on economic 
development and growth. 

Rationale: The food environment has become 
more complex, with more and more retail outlets
selling food and beverages. Having valid and 
reliable methodologies for a variety of food 
environments and settings (tools and new analytical
approaches) will allow more meaningful inquiry
into the contributions of various settings in 
supporting or hindering nutritional health. 

2.		 Identify, implement, evaluate, and scale up best
practices (including private-public partnerships) for 
affordable and sustainable solutions to improving
the food environment and increasing food access, 
especially in those environments of greatest need. 

Rationale: The environments in which people live, 
work, learn, and play greatly influence their food 
intake. To best guide efforts to improve the food 
environment, research is needed to identify and 
evaluate best practices to direct available resources 
to new programs and scale up. 

3.		 Identify, implement, accelerate, evaluate, and scale 
up programs that improve access to healthy food 
and that can be integrated seamlessly with Federal 
nutrition assistance programs, such as SNAP, WIC 
and elder nutrition. 

Rationale: Federal nutrition assistance programs 
reach individuals and populations with the greatest
health disparities. Identifying and evaluating
initiatives that integrate improvements in the food 
environment with Federal programs will help 
ensure that Federal nutrition assistance programs 
have as great an impact as possible. 

4.		 Conduct additional obesity prevention intervention 
research in child care settings (e.g., child-care 
centers, family child-care homes) to: 1) Identify the 
most potent components of the interventions and 
the optimal combinations for improving diet 
quality, physical activity, and weight outcomes; 2)
Assess implementation and translation costs and 
benefits of the intervention, including impact, cost-
effectiveness, generalizability and reach, 
sustainability and feasibility; 3) Develop and 
evaluate culturally appropriate and tailored 
interventions for preschool children in low-income 
and racial/ethnic communities, given the 
disproportionate impact of obesity in these groups; 
4) Explore intervention strategies on how to use
child care settings as access points to create 
linkages to parents, caretakers, and health care
providers as partners in health promotion; 5)
Evaluate the impact of Federal, state, and local 
policies, regulations, and support (e.g., provider 
training and technical assistance) for child care 
programs on the eating and physical activity
practices and behaviors, and weight status of young
children. 

2015 Dietary Guidelines Advisory Committee Report 275 



 

 

 

 

 
 

 

 

  

 

 

 

  

 

 
 

 

 
 

 

 
 

 
 

 
 

 

 

 
 

 

 

Rationale: Early care and education settings are an 
important venue for interventions targeting young
children. A strong evidence base is essential to 
identify and support evidence-based practices and
policies that can be implemented at Federal, state, 
and local levels and to mobilize efforts to improve
healthy eating and physical activity, leading to 
healthy weight development in these settings. 
Interventions found to effectively reduce risk of 
obesity in one setting need to be appropriately
adapted for diverse groups and different settings. 

5.		 Improve intervention research methods by the use 
of stronger study designs and the development of
standardized assessments of body composition, 
weight status. Develop enhanced validated 
measures of diet quality, feeding and physical 
activity practices, and physical activity and eating
behaviors and policies. Create standardized 
measures to assess the nutrition quality of meals 
and snacks in child care settings, as well as the 
food and physical activity environments. Create 
standardized methods for assessing the relationship 
of child care food, nutrition and physical activity-
related measures to similar measures representing
non-child care time are needed to provide greater 
consistency in determining the contributors to the 
development and progression of childhood
overweight and obesity. 

Rationale: Although many of the studies included 
in these evidence reviews were methodologically
strong and were controlled studies, some were 
limited by small sample size, lack of adequate 
control for confounding factors, and different
outcome measures and different tools used to 
measure the outcome variables. 

6.		 Examine the effect of the recommended Child and 
Adult Care Food Program (CACFP) through 
ongoing periodic evaluations and fill gaps in the 
knowledge regarding participation, demand, food
procurement and practices, nutrient intake, and 
food security. 

Rationale: Improvements in school meals and the 
school food environment have been fostered by
national data from periodic studies such as the 
USDA/FNS School Nutrition Dietary Assessment 
Studies (SNDA), the HHS/CDC School Health
Policies and Practices Studies (SHPPS) and the 

HHS/NIH C.L.A.S.S. In contrast, considerably
fewer periodic national studies are conducted of
meals and dietary intake in child care settings and 
their relation to the child care food and physical 
activity environment. 

7.		 Conduct new research to document the types and 
quantities of foods and beverages students consume
both at school and daily outside of school, before, 
during, and after school-based healthy eating
approaches and policies are implemented. 

Rationale: Effective school-based approaches and 
policies to improve the availability, accessibility, 
and consumption of healthy foods and beverages, 
and reduce competition from unhealthy offerings, 
are central to improving the weight status and 
health of children and adolescents. Accurate 
quantification of the types and quantities of foods 
and beverages the students consume before, during, 
and after approaches and policies are implemented 
is fundamental to assessing effectiveness. 
However, many of the studies included in the 
systematic reviews and meta-analyses used by the 
DGAC to address this issue did not 
comprehensively measure or report dietary
information. Although the USDA/FNS-sponsored
School Nutrition Dietary Assessment (SNDA)
series collects student dietary intake data every 10 
years, the DGAC recommends more frequent and 
consistent data collection, especially before and 
periodically after implementation of school-based 
nutrition and physical activity policy and program
changes. 

8.		 Improve the quality of research studies designed to 
assess the effects of school-based approaches and 
policies on dietary behaviors and body weight 
control to reduce the risk of bias, with an emphasis 
on randomized controlled trials. 

Rationale: Although the methodological quality of 
the systematic reviews and meta-analyses used by
the DGAC to evaluate school-based approaches 
and policies on dietary intake and body weight 
outcomes was high, the authors of these reviews
commented that the scientific quality of individual 
studies was generally poor and the risk of bias
high. Many of the studies were done using quasi-
experimental (with or without control), pre-post
intervention, or cross-sectional designs. Future 
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research should prioritize using prospective, 
repeated measures, randomized controlled trial 
experimental designs, with randomization at the 
individual, classroom, school, or school district
level. Pilot feasibility studies also may be helpful 
to quickly identify promising novel approaches to
improve dietary intake and weight control
outcomes. 

9.		 Conduct post-program follow-up assessments 
lasting longer than 1 year to determine the long­
term retention of the changed nutrition behaviors as 
well as the usefulness of continuing to offer the 
programs while children advance in school grade. 
Also, conduct research is needed in adolescents 
(grades 9-12). 

Rationale: Literature supports that eating and 
physical activity behaviors and body weight status 
of children predict changes over time as they
progress into adolescence and adulthood. Ideally, 
improvements in dietary intake and weight status 
achieved due to a given school-based approach or 
policy would be sustained over time and 
progressive improvements would occur long-term. 
The vast majority of published research focuses on 
children in grades K-8, or ages 4-12 years, and new 
and improved data are needed on adolescents and 
the transition from childhood to adolescence. 

10. Encourage a wider variety of school-based 
approaches and policies to develop and evaluate 
innovative approaches focused on increasing
vegetable intakes. 

Rationale: Consumption of non-potato vegetables 
is below 2010 Dietary Guidelines for Americans
recommendations in both children and adolescents. 
Published research indicates that school-based 
approaches and policies designed to increase 
vegetable and fruit intakes are generally more 
effective at increasing fruit intake, except for ± 
school gardens and economic incentives, which 
increase vegetable intake among school-aged 
children. Some past public policies (e.g. the Basic 
4) treated fruit and vegetables and as a single food 
group, which props the need for new research that 
uses prospective, repeated measures, and 
randomized controlled trial experimental designs to
specifically target increased consumption of 
healthy vegetables. 

11. Conduct assessments of the effectiveness of 
worksite interventions that emphasize obesity
prevention and weight control among workers 
across racially/ethnically diverse populations, blue 
and white collar employees, and at-risk
populations.  Scientifically rigorous studies 
(especially randomized controlled trials) addressing
the long-term health impact of worksite-based 
approaches and policies that improve employee 
diet, physical activity, and body weight control
would have public health relevance.  

Rationale: In light of the high rates of obesity and 
overweight, worksite interventions targeting
obesity prevention and weight control through 
enhanced dietary behaviors and increased physical 
activity among workers is important. The majority
of the studies to date have been conducted for 
relatively short periods of time, and the long-term
impact of these approaches and policies may prove 
beneficial.  
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In this chapter, the DGAC addresses food and nutrition
issues that will inform public health action and policies
to promote the health of the population through 
sustainable diets and food safety. An important reason 
for addressing sustainable diets, a new area for the 
DGAC, is to have alignment and consistency in dietary 
guidance that promotes both health and sustainability. 
This also recognizes the significant impact of food and 
beverages on environmental outcomes, from farm to 
plate to waste disposal, and, therefore, the need for 
dietary guidance to include the wider issue of
sustainability. Addressing this complex challenge is 
essential to ensure a healthy food supply will be 
available for future generations. The availability and 
acceptability of healthy and sustainable food choices 
will be necessary to attain food security for the U.S. 
population over time. Integral to this issue is how
dietary guidance and individual food choices influence
WKH�QDWLRQ¶V capacity to meet the nutritional needs of 
the U.S. population. Food sustainability and food safety
are also interrelated in generating a secure food supply. 
This chapter focuses on both sustainable diets and food
safety. 

)RRG�6XVWDLQDELOLW\� 

Two definitions are relevant to the material presented 
in this chapter. These terms were slightly modified 
from the Food and Agriculture Organization (FAO) 
definitions to operationalize them for WKH�&RPPLWWHH¶V 
work.1, 2 

Sustainable diets²Sustainable diets are a pattern of 
eating that promotes health and well-being and 
provides food security for the present population while
sustaining human and natural resources for future 
generations.  

Food security²Food security exists when all people 
now, and in the future, have access to sufficient, safe, 
and nutritious food to maintain a healthy and active 
life. 

The topic of current food security was addressed in 
Chapter 3: Individual Diet and Physical Activity 
Behavior Change�and to some extent in Chapter 4: 
Food Environment and Settings, where federal food 
programs were discussed. The topic of long-term food 
security was addressed within this chapter through 
examination of the evidence on sustainable diets. 

The environmental impact of food production is
considerable and if natural resources such as land, 
water and energy are not conserved and managed 
optimally, they will be strained and potentially lost. 
The global production of food is responsible for 80 
percent of deforestation, more than 70 percent of fresh
water use, and up to 30 percent of human-generated 
greenhouse gas (GHG) emissions.3 It also is the largest 
cause of species biodiversity loss.3 The capacity to 
produce adequate food in the future is constrained by
land use, declining soil fertility, unsustainable water 
use, and overfishing of the marine environment.4 

Climate change, shifts in population dietary patterns 
and demand for food products, energy costs, and
population growth will continue to put additional 
pressures on available natural resources. Meeting
current and future food needs will depend on two 
concurrent approaches: altering individual and 
population dietary choices and patterns and developing
agricultural and production practices that reduce 
environmental impacts and conserve resources, while 
still meeting food and nutrition needs. In this chapter, 
the Committee focuses primarily on the former, 
examining the effect of population- level dietary
choices on sustainability. 

Foods vary widely in the type and amount of resources
required for production, so as population-level 
consumer demand impacts food production (and 
imports) it will also indirectly influence how and to 
what extent resources are used.3 As the focus of the 
dietary guidelines is to shift consumer eating habits
toward healthier alternatives, it is imperative that, in 
this context, the shift also involve movement toward 
less resource-intensive diets. Individual and 
population-level adoption of more sustainable diets can
change consumer demand away from more resource­
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intensive foods to foods that have a lower 
environmental impact. 3 

In this chapter, the DGAC has used an evidence-based 
approach to evaluate the foods and food components
that improve the sustainability of dietary patterns as a 
step toward this desirable goal. The approach used was
to determine dietary patterns that are nutritionally
adequate and promote health, while at the same time 
are more protective of natural resources. This type of 
comprehensive strategy also has been used by
intergovernmental organizations. For example, the 
FAO has identified the Mediterranean diet as an 
example of a sustainable diet due to its emphasis on 
biodiversity and smaller meat portions,5 and the 
(XURSHDQ�&RPPLVVLRQ�KDV�GHYHORSHG�D�³�����/LYH�
:HOO�'LHW´�WR�UHGXFH�*+*�HPLVVLRQV�WKURugh diet 
change.6 

It should be noted that research in the area of dietary
patterns and sustainability is rapidly evolving and the 
methodologies for determining dietary patterns in 
populations and Life Cycle Analysis of foods/food 
components and environmental outcomes have made 
significant advances in recent years.7, 8 This is 
exemplified by the size of evidence base for this 
question and the fact that several relevant articles have
been published even since the close of the 2015 DGAC 
Nutrition Evidence Library (NEL) scientific review
period for this topic.9-11 

Figure D5.1 outlines the interconnected elements that 
the DGAC believes are necessary based on current 
evidence to develop sustainable diets. Sustainable diets
are realized by developing a food system that embraces 
a core set of values illustrated in the figure. These 
values need to be implemented through robust private 
and public sector partnerships, practices and policies 
across the supply chain, extending from farms to
distribution and consumption. New well-coordinated 
policies that include, but are not limited to, agriculture,
economics, transportation, energy, water use, and 
dietary guidance need to be developed. Behaviors of all 

participants in the food system are central to creating
and supporting sustainable diets.  

Although the addition of sustainability topics in the 
Scientific Report of the 2015 Dietary Guidelines 
Advisory Committee is new in 2015 it was 
acknowledged as a topic of strong relevance but not 
addressed by the 2010 DGAC. It has been a widely
discussed aspect of nutrition policy for the past decade
in countries such as Germany, Sweden and other 
Nordic countries, the Netherlands, Australia, and 
Brazil. For example, in the Netherlands, the Advisory
report, Guidelines for a Healthy Diet: The Ecological 
Perspective focused on guidelines that inform both 
health and ecological benefits using an evidence-based 
strategy.12 Nordic countries, such as Sweden, have been
researching sustainability and dietary choice since the 
late 1990s with the most recent edition of the Nordic 
Nutrition Recommendations (NNR) including an 
emphasis on the environmental impact of dietary
recommendations.13 The German Dietary Guidelines 
GHYHORSHG�D�³VXVWDLQDEOH�VKRSSing basket,´�ZKLFK�LV�D� 
consumer guide for shopping in a more sustainable 
way.14 Overall, the environmentally sustainable dietary
guidance from these countries includes elements 
identified in this DGAC report as consistent with the 
extant data: a focus on decreasing meat consumption, 
choosing seafood from non-threatened stocks, eating
more plants and plant-based products, reducing energy
intake, and reducing waste. Non-governmental and 
international organizations, such as the United Nations, 
the FAO, the Sustainable Development Commission in
the United Kingdom (UK), the Institute of Medicine
(IOM), the Academy of Nutrition and Dietetics, and 
the National Research Council have all convened 
working groups and commissioned reports on 
sustainable diets.2, 15-19 Overall, it is clear that 
environmental sustainability adds further dimensions to
dietary guidance; not just what we eat but where and 
how food production, processing, and transportation 
are managed, and waste is decreased. 
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Figure D5.1. Elements needed for sustainable diets. 

The DGAC focused on two main topic areas related to
sustainability: dietary patterns and seafood. The 
identification of dietary patterns that are sustainable is a 
first step toward driving consumer behavior change and 
demand and supply-chain changes. Furthermore, 
dietary patterns were an overall focus area of the 2015 
DGAC and allow for a more comprehensive approach
to total diet and health. This approach is particularly
well suited for assessing overall environmental impacts
of food consumption, as all food components of a 
dietary pattern are identified, and keeping within the 
context of health outcomes that have been documented 
for different dietary patterns. The topic area of seafood
was chosen because consumption has well-established
health benefits and the 2010 DGAC report highlighted 
the concern for seafood sustainability and called for a 
better understanding of the environmental impact of 

aquaculture on seafood contaminants. Meeting these 
recommendations, however, increases demand for 
seafood production and this, in turn, poses challenges, 
as certain seafood species are depleted and marine 
waters are overfished, while most other species are at 
the limits of sustainable harvesting. To meet these 
challenges, as world capture fisheries production has 
leveled off, aquaculture production has increased to 
meet demand.20 Therefore, building upon the 2010 
DGAC report, the 2015 DGAC addressed the health
benefits (nutrients) versus the risks (contaminants) of 
farm-raised (aquaculture) compared to wild-caught 
seafood and reviewed the evidence on the worldwide 
capacity to produce enough seafood to meet dietary
guidelines. Overall, promoting sustainable fishing and 
aquaculture can provide an example for broader 
ecosystem stewardship.20 
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)RRG�6DIHW\� 

Food safety was first introduced in the 2000 Dietary 
Guidelines for Americans, and the recognition of the 
importance of food safety continued through the 2010 
report. This chapter updates the 2010 DGAC report
related to food safety behaviors in the home 
environment and evaluates new topics of food safety
concern with very current and/or updated evidence. The 
current/updated topics include the safety of beverages, 
specifically coffee and caffeine, and food additives, 
specifically aspartame, in the U.S. food supply.  

In 2015, the DGAC addressed new topics of concern. 
For the first time, the DGAC addressed the safety of
coffee/caffeine consumption, as well as the safety of 
consuming higher doses of caffeine in products such as
some energy drinks. The food additive, aspartame, has 
been the only non-nutritive sweetener to be completely
re-evaluated in recent years and the results of this 
reevaluation were deemed important because it 
includes the most recent science on aspartame and 
health. These topic areas were chosen for consideration 
because they are of high public health concern and very
recent evidence has been published that significantly
updates the knowledge base on health aspects related to 
caffeine and aspartame in the diet. 

For 2015, the DGAC brought forward the updated food
safety principles to reduce risk of foodborne illnesses. 
These principles²Clean, Separate, Cook and Chill² 
are cornerstones of the Fight BAC! (www.fightbac.org) 
educational messages developed by the Partnership for 
Food Safety Education, a collaboration with the 
Federal government. These messages are reinforced by
other USDA educational materials, including the Be 
Food Safe (www.befoodsafe.gov) efforts; Is it Done 
Yet? (www.isitdoneyet.gov); and Thermy 
(www.fsis.usda.gov/thermy), which outline key
elements in thermometer use and placement to ensure 
proper cooking of meat, poultry, seafood, and egg
products. Additional consumer-friendly information on
food safety is available at www.foodsafety.gov. The 
DGAC brought forward the guidance for consumers 
that has been updated since 2010 on recommended 
procedures for hand sanitation, washing fresh produce, 
preventing cross-contamination, and safe meat, poultry, 
seafood and egg cooking temperatures and
thermometer use from the FDA, the Center for Disease 
Control (CDC) and the Food Safety and Inspection 

Service (FSIS). The updated food safety tables are 
located at the end of this chapter. 

/,67�2)�48(67,216� 

6XVWDLQDEOH�'LHWV� 

'LHWDU\�3DWWHUQV�
1.		 What is the relationship between population-level 

dietary patterns and long-term food sustainability? 

6HDIRRG� 
2.		 What are the comparative nutrient profiles of

current farm-raised versus wild caught seafood?  
3.		 What are the comparative contaminant levels of

current farm-raised versus wild caught seafood? 
4.		 What is the worldwide capacity to produce farm-

raised versus wild-caught seafood that is nutritious 
and safe for Americans? 

)RRG�6DIHW\�
5. What is the relationship between usual
coffee/caffeine consumption and health? 

6. What is the relationship between high-dose caffeine
consumption and health? 

7. What is the relationship between aspartame 
consumption and health? 

8. What consumer behaviors prevent food safety
problems? (Topic update from 2010 DGAC) 

0(7+2'2/2*<� 

6XVWDLQDEOH�'LHWV� 

The topic of Question 1 is new for a DGAC review and 
involves an emerging area of scientific investigation 
that is not readily addressed by traditional study
designs such as randomized controlled trials and 
prospective cohort studies. The literature related to 
sustainable diets and dietary patterns involves a 
combination of food pattern modeling, Life Cycle 
Assessment (LCA) methodology (examines all 
processes in the life cycle of each food component ­
from farm to plate to waste), and determination of the 
environmental outcomes of the full LCA inventory. 
Because of the unique nature of these studies, a
modified NEL systematic review was conducted for 
Question 1 on dietary patterns and sustainability. 
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Databases included PubMed, Cochrane, Navigator, and 
Embase and the search covered from January 2000 to
March 2014. For this topic and question, it was 
necessary to use different methods from those 
described in an original NEL protocol because not all 
methods in the protocol could be applied. This is 
sometimes necessary, according to the Cochrane
Collaboration, but requires that methods from the 
original protocol that could not be implemented in the 
current review be summarized.21 Due to the nature of 
the evidence, the NEL 6-step process was tailored for 
the purposes of this systematic review, with
modifications to step 3 ± extract data and assess the 
risk of bias. A description of the NEL systematic
review process is provided in Part C: Methodology. A 
new data extraction grid was developed with emphasis 
on modeling studies, LCA methodology, and
environmental outcomes. The LCA is a standardized 
methodological framework for assessing the 
environmental impact (or load) attributable to the life 
cycle of a food product. The customized grid was then 
used by NEL abstractors to extract data from the 
included articles and this informed the evidence 
synthesis (see Appendix E-2.37 Evidence Portfolio). In
addition, NEL abstractors used a different tool to assess
individual study quality, not the NEL Bias Assessment 
Tool (BAT). This alternative tool, the Critical 
Appraisal Checklist used by the British Medical 
Journal, was appropriate for studies that used a 
modeling design. This checklist assesses studies that 
use modeling to extrapolate progression of clinical 
outcomes, transform final outcomes from intermediate 
measures, examine relations between inputs and 
outputs to apportion resource use, and extrapolate 
findings from one clinical setting or population to 
another. To attain a high score, studies must report the 
variables that have been modeled rather than directly
observed; what additional variables have been included
or excluded; what statistical relations have been 
assumed; and what evidence supports these 
assumptions.22-24 The checklist included key
components of the British Medical Journal checklist 
for economic evaluations, together with the Eddy
checklist on mathematical models. This Critical 
Appraisal Checklist was reviewed and tested for
applicability by two sustainability experts who served 
as consultants to the DGAC. 

Question 2 on nutrient profiles in farm-raised versus 
wild-caught seafood was addressed using data analysis 
from the USDA-Agricultural Research Service (ARS) 

National Nutrient Database for Standard Reference, 
Release 27 (http://www.ars.usda.gov/ba/bhnrc/ndl).25 

The section on finfish and shellfish products included 
nutrient profiles for both farm-raised and wild-caught 
seafood for some species. These data were augmented 
using a USDA-funded report on fatty-acid profiles of 
commercially available fish
 in the United States that 
assessed additional farmed species and compared 
results with the USDA-ARS NND.26 Because this 
question was answered using data analysis, it was not 
graded (as described in Part C: Methodology). For 
Question 3 on contaminants in farm-raised versus wild-
caught seafood, the DGAC used an expert report, the 
Report of the Joint Food and Agriculture Organization
of the United Nations (FAO) and the World Health
Organization (WHO) Expert Consultation on the Risks 
and Benefits of Fish Consumption, 2011.27 This report 
was chosen as the most updated and comprehensive 
source of scientific information on the net health 
assessment of seafood consumption, including a 
comparison between wild-caught and farm-raised 
seafood related to contaminants. Data on levels of 
chemical contaminants (methyl mercury and dioxins) 
in a large number of seafood species were reviewed, as
well as recent scientific literature covering the risks and 
benefits of seafood consumption. The sections of the 
report that were used to address the question were 
³'DWD�RQ�WKH�FRPSRVLWLRQ�RI�ILVK´�DQG�³5LVN-benefit 
FRPSDULVRQV�´�/DVWO\��WR�DGGUHVV�Question 4 on the 
worldwide capacity to produce enough nutritious
seafood, the &RPPLWWHH�XVHG�WKH�)$2¶V�report on the
State of World Fisheries and Aquaculture, 2012.20 This 
was considered the most current and comprehensive
source on this topic, specifically the sections on 
³6HOHFWHG�,VVXHV�LQ�)LVKHULHV�DQG�$TXDFXOWXUH´�DQG�WKH�
³2UJDQL]DWLRQ�IRU�(FRQRPLF�&RRSHUDWLRQ�DQG�
Development (OECD)-FAO Agricultural Outlook: 
FKDSWHU�RQ�ILVK�´�7KH�'*$&�IRFXVHG�RQ�PDWWHUV�WKDW�
directly address world production as it affects the 
supply of seafood for the U.S. population, particularly
as the U.S. relies on significant amounts of imported 
seafood (~90 percent). 

)RRG�6DIHW\� 

For Question 5, the DGAC used an overview of 
systematic reviews (SRs)/meta-analyses (MA) to 
address the relationship between usual caffeine/coffee 


�7KH�WHUP�³ILVK´�LQ�WKLV�FKDSWHU�UHIHUV�WR�ILQILVK��ZKLFK�
includes aquatic species such as salmon, tuna, and trout.� 
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consumption and health. This approach allowed the 
DGAC to address the broad scope of the evidence on 
usual caffeine and health, which heretofore had not 
been addressed by a DGAC. The DGAC used a 
modification of the method described by the Cochrane 
Collaboration to conduct the review.28 The steps 
included development of analytical framework, 
determination of inclusion/exclusion criteria, 
description of search strategy and databases used, 
determination of methodological quality using the 
Assessment of Multiple Systematic Reviews 
(AMSTAR) tool, data extraction, summary of results 
and key findings, and development of conclusion and 
grade for each outcome, as well as implications of the 
evidence and research recommendations. Overlap of
studies included across the SRs/MA for the same health 
outcome was determined and recorded; however, 
SRs/MA were not excluded for overlap. This approach 
allowed the Committee to assess and consider whether 
SRs/MA on the same topic independently assessed 
similar results and arrived at generally similar 
conclusions. The focus of this review was to 
summarize the existing SRs/MA on this question, not 
to re-synthesize the evidence or to conduct a new meta-
analysis or meta-synthesis. 

For the overview on usual caffeine/coffee consumption
and health, the target population was healthy adults and 
adults at risk of chronic disease, as well as youth ages 2 
years and older. The intervention or exposure was 
caffeine/coffee consumption. The outcomes were 
clinical endpoints: 1) chronic diseases, including
cardiovascular, type 2 diabetes, and cancer, and total 
mortality, 2) neurologic and cognitive diseases, 
LQFOXGLQJ�$O]KHLPHU¶V�DQG�3DUNLQVRQ¶V�GLVHDVH��DQG����
pregnancy outcomes, including miscarriage and low
birth weight. The included studies were SRs/MA and 
qualitative SRs; the date range was from 2000 to 2014. 
Data were extracted for all SRs/MA with emphasis on 
MA results, including categorical and dose-response 
MA, fixed or random effects models, heterogeneity and
sources of heterogeneity, sub-group analysis, and 
publication bias (see Appendix E-2.39b Systematic 
Review/Meta-Analysis Data Table). The 
methodological quality of the included SRs/MA was
determined using AMSTAR. All included studies were 
of high quality with AMSTAR scores of 8/11 to 11/11. 
Overlap of studies included across the SRs/MA for the
same health outcomes was determined and recorded; 
however, SRs/MA were not excluded for overlap. 

Rather, the emphasis was to determine consistency
across studies. 

For Question 6 on high-dose caffeine and health, a 
duplication assessment found two SRs and these were 
used in lieu of conducting a full NEL SR. The details 
of duplication assessment are provided in Part C: 
Methodology, and the Review of the Evidence for this 
question provide further detail.  

For Question 7 on aspartame and health, the European 
Food Safety Authority (EFSA) Scientific Opinion on 
the Re-evaluation of Aspartame as a Food Additive was 
used. This was conducted by the EFSA Panel of Food 
Additives and Nutrient Sources Added to Food 
(ANS).29 The Panel based its evaluation on original 
study reports and information submitted following
public calls for data as well as previous evaluations and 
additional literature that was available up to February
2013. The 2015 DGAC considered only the human 
studies and related conclusions from the EFSA report; 
animal studies and in vitro studies were not considered. 
Lastly, this chapter provides a topic update from the 
2010 DGAC on consumer behaviors and food safety. 
Tables on this topic were updated to include the most
recent recommendations. Federal sources that were 
used for the update include: 1) Centers for Disease 
Control and Prevention (CDC) - Hand washing: Clean
Hands Save Lives;30 2) Food and Drug Administration 
(FDA) - Food Facts, Raw Produce: Selecting It and 
Serving It Safely, 2012; Food Safety for Moms-to-Be: 
Safe Eats - Meat, Poultry & Seafood;31 and 3) 
USDA/Food Safety and Inspection Service (FSIS) ± 
Food Safety Fact Sheets.32 

6867$,1$%/(�',(76� 

Evaluating the link between sustainability and dietary
guidance will inform policies and practice to ensure 
food security for present and future generations. The 
DGAC concentrated its review on the inter-relatedness 
between human health and food sustainability, with a 
focus on dietary patterns, a theme of the 2015 DGAC. 

'LHWDU\�3DWWHUQV�DQG�6XVWDLQDELOLW\� 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SRSXODWLRQ�OHYHO�GLHWDU\�SDWWHUQV�DQG�ORQJ� 
WHUP�IRRG�VXVWDLQDELOLW\"� 
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Source of Evidence: Modified NEL systematic 
review 

&RQFOXVLRQ� 

Consistent evidence indicates that, in general, a dietary
pattern that is higher in plant-based foods, such as
vegetables, fruits, whole grains, legumes, nuts, and 
seeds, and lower in animal-based foods is more health 
promoting and is associated with lesser environmental 
impact (GHG emissions and energy, land, and water 
use) than is the current average U.S. diet. A diet that is
more environmentally sustainable than the average 
U.S. diet can be achieved without excluding any food
groups. The evidence consists primarily of Life Cycle
Assessment (LCA) modeling studies or land-use 
studies from highly developed countries, including the
United States. DGAC Grade: Moderate 

,PSOLFDWLRQV 

A moderate to strong evidence base supports 
recommendations that the U.S. population move
toward dietary patterns that generally increase 
consumption of vegetables, fruits, whole grains, 
legumes, nuts and seeds, while decreasing total calories
and some animal-based foods. This can be achieved 
through a variety of dietary patterns, including the 
Healthy USDA-style Pattern, the Healthy Vegetarian 
Pattern, and the Healthy Mediterranean-style Pattern 
(for more details on the patterns, see Part D. Chapter 
1: Food and Nutrient Intakes, and Health: Current
Status and Trends). Each of these patterns provides
more plant-based foods and lower amounts of meat 
than are currently consumed by the U.S. population. 

Sustainability considerations provide an additional 
rationale for following the Dietary Guidelines for 
Americans and should be incorporated into federal and 
local nutrition feeding programs when possible. Using
sustainability messaging in communication strategies 
should be encouraged. The application of
environmental and sustainability factors to dietary
guidelines can be accomplished because of the 
compatibility and degree of overlap between favorable 
health and environmental outcomes. 

Much has been done by the private and public sectors
to improve environmental policies and practices around
production, processing, and distribution within 
individual food categories. It will be important that 

both a greater shift toward healthful dietary patterns 
and an improved environmental profile across food 
categories are achieved to maximize environmental 
sustainability now and to ensure greater progress in this
direction over time. 

Consumer friendly information that facilitates
understanding the environmental impact of different 
foods should be considered for inclusion in food and 
menu labeling initiatives. 

Careful consideration will need to be made to ensure 
that sustainable diets are affordable for the entire U.S. 
population. 

Promoting healthy diets that also are more 
environmentally sustainable now will conserve 
resources for present and future generations, ensuring
that the U.S. population has access to a diet that is 
healthy as well as sustainable and secure in the future. 

5HYLHZ�RI�WKH�(YLGHQFH 

A total of 15 studies met the inclusion criteria for this 
systematic review.33-48 The body of evidence consisted
primarily of dietary pattern modeling studies that 
assessed related environmental outcomes. These 
studies were conducted between the years 2003 and 
2014 in the U.S., the UK, Germany, the Netherlands, 
France, Spain, Italy, Australia, Brazil, and New 
Zealand. Dietary patterns that were examined included 
vegetarian, lacto-ovo vegetarian, and vegan dietary
patterns; the average and dietary guidelines-related 
dietary patterns of respective countries examined; 
Mediterranean-style dietary patterns; and sustainable 
diets. The most frequent comparison diet was the 
average dietary pattern of the country, although 
numerous studies made additional comparisons across
many of the above dietary patterns. Another approach 
ZDV�WR�H[DPLQH�GLHW�³VFHQDULRV´�WKDW�PRGHOHG�GLIIHUHQW�
percentage replacements of meat and dairy foods with 
plant-based foods. The modeling studies used cross-
sectional assessment of dietary intake from national 
nutrition surveys of representative adult populations; 
for example, the British National Diet and Nutrition 
Survey (NDNS) from studies in the UK,34, 39 the 
National Nutrition Surveys (NNS) in Germany,40 or the 
Australian National Nutrition Survey38 were used to 
determine the observed average dietary patterns. The 
average dietary patterns were then compared with other 
modeled dietary patterns, such as vegetarian or 
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Mediterranean- style patterns, as described in detail 
below. All of the countries were highly developed
countries with dietary guidelines and, therefore, 
generalizable to the U.S. population. The study quality
for the body of evidence ranged from scores of 7/12 to
12/12 (indicating the evidence was of high quality)
using a modified Critical Appraisal Checklist (see 
Appendix E-2.37 Evidence Portfolio). 

Health outcomes associated with the dietary patterns 
were most often documented based on adherence to 
dietary guidelines-related patterns, variations on 
vegetarian dietary patterns, or Mediterranean-style 
dietary patterns. Diet quality was assessed in some 
studies using an a priori index, such as the Healthy 
Eating Index (HEI) or the WHO Index. In some
studies, health outcomes also were modeled. For 
example Scarborough et al. used the DIETRON model 
to estimate deaths delayed or averted for each diet 
pattern.46 One study assessed the synergy between 
health and sustainability scores using the WHO Index 
and the LCA sustainability score to assess combined
nutritional and ecological value.46 

The environmental impacts that were most commonly
modeled were GHG emissions and use of resources 
such as agricultural land, energy, and water. In many
studies, the environmental impact for each food/food 
category was obtained using the LCA method. The 
LCA is a standardized methodological framework for 
assessing the environmental impact (or load) 
attributable to the life cycle of a food product. The life
cycle for a food typically includes agricultural 
production, processing and packaging, transportation, 
retail, use, and waste disposal.33, 49-51 An inventory of 
all stages of the life cycle is determined for each food 
SURGXFW�DQG�D�³ZHLJKW´�RU�number of points is then 
attributed to each food or food category, based on 
environmental impacts such as resource extraction, 
land use, and relevant emissions. These environmental 
impact results can be translated into measures of 
damage done to human health, ecosystem quality, and 
energy resources using programs such as Eco­
Indicator.52 In addition to the health assessment 
approaches listed above, some studies used LCA
analysis with a standardized approach to determine 
damages from GHG emissions and use of resources;
these damage outcome included human health as an 
environmental damage component, such as the number 
and duration of diseases and life years lost due to 
premature death from environmental causes.� 

Few studies assessed food security. These studies 
assessed food security in terms of the cost difference 
between an average dietary pattern for the country
studied and a sustainable dietary pattern for that 
population.36, 39, 48 The basic food basket concept was 
used in some studies, representing household costs for
a two-adult/two-child household. 

,GHQWLILHG�'LHWDU\�3DWWHUQV�DQG�+HDOWK�DQG� 
6XVWDLQDELOLW\�2XWFRPHV�
Vegetarian and Meat-based Diets²Several studies 
examined variations on vegetarian diets, or a spectrum
from vegan to omnivorous dietary patterns, and 
associated environmental outcomes.34, 35, 37, 41 Peters et 
al. examined 42 different dietary patterns and land use 
in New York, with patterns ranging from low-fat, lacto­
ovo vegetarian diets to high fat, meat-rich omnivorous 
diets; across this range, the diets met U.S. dietary
guidelines when possible.41 They found that, overall, 
increasing meat in the diet increased per capita land 
requirements; however, increasing total dietary fat 
content of low-meat diets (i.e. vegetarian alternatives) 
increased the land requirements compared to high-meat 
diets. In other words, although meat increased land 
requirements, diets including meat could feed more 
people than some higher fat vegetarian-style diets. 
Aston et al. assessed a pattern that was modeled on a 
feasible UK population in which the proportion of
vegetarians in the survey was doubled, and the 
remainder adopted a diet pattern consistent with the 
lowest category of red and processed meat (RPM) 
consumers. They found the combination of low RPM +
vegetarian diet had health benefits of lowering the risk
of diabetes and colorectal cancer, determined from risk
relationships for RPM and CHD, diabetes, and 
colorectal cancer from published meta-analyses.53-55 

Furthermore, the expected reduction in GHG for this
diet was ~3 percent of current total carbon dioxide 
(CO2) emissions for agriculture. De Carvalho et al. also
examined a high RPM dietary pattern with diet quality
assessed using the Brazilian Healthy Eating Index.37 

They found that excessive meat intake was associated 
not only with poorer diet quality but also with 
increased projected GHG emissions (~ 4 percent total 
CO2 emitted by agriculture). Taken together, the results
on RPM intake indicate that reduced consumption is 
expected to improve some health outcomes and
decrease GHG emissions, as well as land use compared 
to current RPM consumption. Baroni et al. examined 
vegan, vegetarian, and omnivorous diets, both 
organically and conventionally grown, and found that 
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the organically grown vegan diet had the most potential 
health benefits; whereas, the conventionally grown 
average Italian diet had the least.37 The organically
grown vegan diet also had the lowest estimated impact 
on resources and ecosystem quality, and the average 
Italian diet had the greatest projected impact. Beef was 
the single food with the greatest projected impact on 
the environment; other foods estimated to have high
impact included cheese, milk, and seafood.  

Vegetarian diets, dietary guidelines-related diets, and 
Mediterranean-style diets were variously compared 
with the average dietary patterns in selected
countries.38, 40, 42, 46 Overall, the estimated greater
environmental benefits, including reduced projected 
GHG emissions and land use, resulted from vegan, 
lacto-ovo vegetarian, and pesco-vegetarian diets, as
well as dietary guidelines-related and Mediterranean-
style dietary patterns. These diets had higher overall 
predicted health scores than the average diet patterns. 
Moreover, for the most part, the high health scores of 
these dietary patterns were paralleled by high combined 
estimated sustainability scores. According to van 
Doreen et al., the synergy measured across vegetarian, 
Mediterranean-style, and dietary guidelines-related 
scores could be explained by a reduction in 
consumption of meat, dairy, extras (i.e., snacks and 
sweets), and beverages, as well as a reduction in overall 
food consumption.42 

Mediterranean-Style Dietary Patterns²The 
Mediterranean-style dietary pattern was examined in 
both Mediterranean and non-Mediterranean 
countries.44, 46 In all cases, adherence to a 
Mediterranean-style dietary pattern²compared to 
usual intake²reduced the environmental footprint, 
including improved GHG emissions, agricultural land 
use, and energy and water consumption. Both studies 
limited either red and processed meat40 or meat and 
poultry42 to less than 1 serving per week, and increased
seafood intake. The authors concluded that adherence 
to a Mediterranean-style dietary pattern would make a 
significant contribution to increasing food 
sustainability, as well as increasing the health benefits 
that are well-documented for this type of diet (see Part 
D. Chapter 2: Dietary Patterns, Foods and Nutrients,
and Health Outcomes). 

Diet Scenarios²Other studies examined different diet 
³VFHQDULRV´�What generally replaced animal foods in 
various ways with plant foods.43, 45, 47 Scarborough et al. 

found that a diet with 50 percent reduced total meat and 
dairy replaced by fruit, vegetables, and cereals 
contributed the most to estimated reduced risk of total 
mortality and also had the largest potential positive 
environmental impact.13 This diet scenario increased 
fruit and vegetable consumption by 63 percent and
decreased saturated fat and salt consumption; 
micronutrient intake was generally similar with the 
exception of a drop in vitamin B12. 

Pradhan et al. examined 16 global dietary patterns that
differed by food and energy content, grouped into four 
categories with per capita intake of low, moderate, 
high, and very high kilocalorie diets. They assessed the 
relationship of these patterns to GHG emissions.43 

Low-energy diets had less than 2100 kilocalories per 
capita daily and were composed of more than 50
percent cereals or more than 70 percent starchy roots, 
cereals, and pulses. Animal products were minor in this
group (<10 percent). Moderate, high, and very high
energy diets had 2100-2400, 2400-2800, and greater 
than 2800 kilocalories per capita per day, respectively.
Very high calorie diets had high amounts of meat and 
alcoholic beverages. Overall, very high calorie diets, 
common in the developed world, exhibited high total 
per capita CO2eq emissions due to high carbon intensity
and high intake of animal products; the low-energy
diets, on the other hand, had the lowest total per capita
CO2eq emissions.  

Lastly, Vieux et al. examined dietary patterns with 
different indicators of nutritional quality and found that
despite containing large amounts of plant foods, not all
diets of the highest nutritional quality were those with 
the lowest GHG emissions.47 For this study, the diet 
pattern was assessed by using nutrient-based indicators;
high quality diets had energy density below the median, 
mean adequacy ratio above the median, and a mean 
excess ratio (percentage of maximum recommended for 
nutrients that should be limited ± saturated fat, sodium,
and free sugars) below the median. Four diet patterns 
were identified based on compliance with these 
properties to generate one high quality diet, two 
intermediate quality diets, and one low quality diet. In
this study, the high quality diet had higher GHG 
emissions than did the low quality diet. Regarding the 
food groups, a higher consumption of starches, sweets 
and salted snacks, and fats was associated with lower 
diet-related GHG emissions and an increased intake of 
fruit and vegetables was associated with increased diet-
related GHG emissions. However, the strongest 
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positive association with GHG emissions was still for
the ruminant meat group. Overall, this study used a 
different approach from the other studies in this review,
as nutritional quality determined the formation of 
dietary pattern categories. 

Sustainable Diets and Costs²Three studies examined 
sustainable diets and related costs.36, 39, 48 Barosh et al. 
examined food availability and cost of a health and 
sustainability (H&S) food basket, developed according
to the principles of the Australian dietary guidelines as 
well as environmental impact.36 The food basket 
approach is a commonly used method for assessing and 
monitoring food availability and cost. The typical food
basket was based on average weekly food purchases of
a reference household made up of two adults and two 
children. For the H&S basket, food choices were based
on health principles and environmental impact. The 
H&S basket was compared to the typical Australian 
basket and it was determined that the cost of the H&S 
basket was more than the typical basket in five
socioeconomic areas; the most disadvantaged spent 30
percent more for the H&S basket. The authors 
concluded that the most disadvantaged groups at both 
neighborhood and household levels experienced the 
greatest inequality in accessing an affordable H&S 
basket. Macdiarmid et al. examined a sustainable diet 
(met all energy and nutrient needs and maximally
decreased GHG emissions), a ³sustainable with 
acceptability constraints´ diet (added foods commonly
consumed in the UK; met energy, nutrient, and seafood
recommendations as well as recommended minimum 
intakes for fruits and vegetables and did not exceed the 
maximum recommended for red and processed meat), 
and the average UK diet.7 They found that the 
sustainable diet that was generated would decrease 
GHG emissions from primary production (up to
distribution) by 90 percent, but consisted of only seven 
foods. The acceptability constraints diet included 52 
foods and was projected to reduce GHG emissions by
36 percent. This diet included meat and dairy but less 
than the average UK diet. The cost of the sustainable + 
acceptability diet was comparable to that of the average 
UK diet. These results showed that a sustainable diet 
that meets dietary requirements and has lower GHG 
can be achieved without eliminating meat or dairy
products completely, or increasing the cost to the 
consumer. Lastly, Wilson et al. examined 16 dietary
patterns modeled to determine which patterns would 
minimize estimated risk of chronic disease, cost, and 
GHG emissions.48 These patterns included low-cost 

and low-cost + low GHG diet patterns, as well as 
healthy patterns with high vegetable intakes including
Mediterranean or Asian patterns, as well as the average
New Zealand pattern. The authors found that diets that 
aimed to minimize cost and estimated GHG emissions 
also had health advantages, such as the simplified low-
cost Mediterranean-style and simplified Asian-style 
diets, both of which would lower cardiovascular 
disease and cancer risk, compared to the average New
Zealand diet. However, dietary variety was limited and 
further optimization to lower GHG emissions increased
cost. 

Overall, the studies were consistent in showing that 
higher consumption of animal-based foods was 
associated with higher estimated environmental impact, 
whereas consumption of more plant-based foods as part 
of a lower meat-based or vegetarian-style dietary
pattern was associated with estimated lower 
environmental impact compared to higher meat or non-
plant-based dietary patterns. Related to this, the total 
energy content of the diet was also associated with 
estimated environmental impact and higher energy
diets had a larger estimated impact. For example, for 
fossil fuel alone, one calorie from beef or milk requires
40 or 14 calories of fuel, respectively, whereas one 
calorie from grains can be obtained from 2.2 calories of 
fuel.42 Additionally, the evidence showed that dietary
patterns that promote health also promote 
sustainability; dietary patterns that adhered to dietary
guidelines were more environmentally sustainable than
the SRSXODWLRQ¶V�FXUUHQW�DYHUDJH�OHYHO�RI�LQWDNH�RU�
pattern. Taken together, the studies agreed on the 
environmental impact of different dietary patterns, 
despite varied methods of assessing environmental 
impact and differences in components of environmental 
impact assessed (e.g. GHG emissions or land use). The 
evidence on whether sustainable diets were more or 
less expensive than typically consumed diets in some 
locations was limited and inconsistent. 

Three additional reports on the relationship between 
dietary patterns and sustainability were published after
this systematic review was completed. Two of these 
reports were consistent with, and provided more 
HYLGHQFH�WR�VXSSRUW�WKH�&RPPLWWHH¶V�ILQGLQJV�WKDW�
dietary guidelines-related diets, Mediterranean-style 
diets, and vegetarian (and variations) diets are 
associated with improved environmental outcomes. 
Tilman and Clark showed that following a 
Mediterranean, vegetarian (lacto-ovo), or pesco­
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vegetarian dietary pattern would decrease both current 
and projected GHG emissions and land use.11 Eshel et 
al. reported on the five main animal-based categories in
the U.S. diet ± dairy, beef, poultry, pork, and eggs ± 
and their required feeds including crops, byproducts, 
and pasture. They found that beef production required 
more land and irrigation water and produced more 
GHG emissions than dairy, poultry, pork, or eggs.9 In 
addition, as a standard comparator, staple plant foods 
had lower land use and GHG emissions than did dairy, 
poultry, pork, or eggs. In contrast, a report from Heller
and Keoleian suggests that an isocaloric shift from the 
average U.S. diet (at current U.S. per capita intake of
2534 kcals/day from Loss-Adjusted Food Availability
(LAFA) data) to a pattern that adheres to the 2010 
Dietary Guidelines for Americans would result in a 12 
percent increase in diet-related GHG emissions.10 This 
result was modified, however, by their finding that if 
Americans consumed the recommended pattern within 
the recommended calorie intake level of 2000 
kilocalories per day, there would be a 1 percent 
decrease in GHG emissions. This finding reinforces the
overriding 2010 DGA recommendation that all of the 
guidelines need to be followed, including appropriate 
calorie intake levels for age, gender, and activity level. 
Furthermore, in contrast to the findings of Eshel et al. 
regarding dairy, Heller and Keoleian suggest that 
increases in dairy to follow 2010 DGA 
recommendations contribute significantly to increased 
GHG emissions and counters the modeled benefits of 
decreased meat consumption.10 

For additional details on this body of evidence, visit:
Appendix E-2.37   

6HDIRRG�6XVWDLQDELOLW\� 

%DFNJURXQG�
Seafood is recognized as an important source of key
macro- and micronutrients. The health benefits of 
seafood, including support of optimal 
neurodevelopment and prevention of cardiovascular 
disease, are likely due in large part to long-chain n-3 
polyunsaturated fatty acids (PUFA), docosahexaenoic 
acid (DHA) and eicosapentaenoic acid (EPA), although 
seafood also are good sources of other nutrients 
including protein, selenium, iodine, vitamin D, and 
choline.27 Currently, seafood production is in the midst 
of rapid expansion to meet growing worldwide
demand, but the collapse of some fisheries due to 
overfishing in past decades raises concerns about the 

ability to produce safe and affordable seafood to supply
the U.S. population and meet current dietary intake 
recommendations of at least 8 ounces per week.20, 56 

Capture fisheries (wild caught) production has leveled-
off as a proportion of fully exploited stocks, and this is
due in part to national and international efforts on 
seafood sustainably (e.g., the U.S. Magnuson-Stevens 
Fishery Conservation and Management Act (2006) 
mandating annual catch limits, managed by the U.S. 
National Oceanographic and Atmospheric 
Administration). In contrast, the increased productivity
of worldwide aquaculture (farm-raised) is expected to 
continue and will play a major role in expanding the 
supply of seafood.20  Expanding farm-raised seafood 
has the potential to ensure sufficient amounts of
seafood to allow the U.S. population to consume levels 
recommended by dietary guidelines.57 Productivity
gains should be implemented in a sustainable manner 
with greater attention to maintaining or enhancing the 
high nutrient density characteristic of captured seafood.
Consistent with overall sustainability goals, farm-raised
finfish (e.g., salmon and trout) is more sustainable than
terrestrial animal production (e.g., beef and pork) in 
terms of GHG emissions and land/water use.58, 59 

Currently, the United States imports the majority of its 
seafood (~90 percent), and approximately half of that is
farmed.60 The major groups commonly referred to as
finfish, shellfish, and crustaceans include more than
500 species, and thus, generalizations to all seafood 
must be made with caution. 

4XHVWLRQ�����:KDW�DUH�WKH�FRPSDUDWLYH�QXWULHQW� 
SURILOHV�RI�FXUUHQW�IDUP�UDLVHG�YHUVXV�ZLOG� 
FDXJKW�VHDIRRG"� 

Source of evidence: USDA Agriculture Research
Service (ARS) National Nutrient Database (NND)25 

updated with USDA-funded survey of most commonly
consumed species in the United States.26 

&RQFOXVLRQ� 

For commonly consumed fish species in the United 
States, such as bass, cod, trout, and salmon, farmed-
raised seafood has as much or more of the omega-3 
fatty acids EPA and DHA as the same species captured
in the wild. In contrast, farmed low-trophic species, 
such as catfish and crawfish, have less than half the 
EPA and DHA per serving than wild caught, and these 
species have lower EPA and DHA regardless of source 
than do salmon. Farm-raised seafood has higher total 
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fat than wild caught. Recommended amounts of EPA
and DHA can be obtained by consuming a variety of 
farm-raised seafood, especially high-trophic species, 
such as salmon and trout. 

,PSOLFDWLRQV� 

The U.S. population should be encouraged to eat a 
wide variety of seafood that can be wild caught or
farmed, as they are nutrient-dense foods that are 
uniquely rich sources of healthy fatty acids. It should 
be noted that low-trophic farm-raised seafood, such as
catfish and crayfish, have lower EPA and DHA levels 
than do wild-caught. Nutrient profiles in popular low-
trophic farmed species should be improved through 
feeding and processing systems that produce and
preserve nutrients similar to those of wild-caught 
seafood of the same species.  

5HYLHZ�RI�WKH�(YLGHQFH� 

The USDA-Agricultural Research Service (ARS) 
National Nutrient Database (NND) for Standard
Reference, Release 27 was used to address this
question (http://www.ars.usda.gov/ba/bhnrc/ndl).25 The 
section on finfish and shellfish products included 
nutrient profiles for both farm-raised and wild-caught 
seafood for some species. These data were augmented 
using a USDA-funded report on fatty-acid profiles of 
commercially available fish in the United States that 
assessed additional farmed species and compared 
results26 with the USDA-ARS NND.25 The samples 
collected were from different regions of the United 

States during different seasons. For wild-caught 
species, the nutrient profile is determined by changes in
environmental conditions, whereas, for farmed species, 
the nutrient profile is dependent on the amount, timing, 
and composition of the feed.26 Because aquaculture 
diets can be continually modified, updates are
important to monitor EPA and DHA in commercial 
seafood species, to provide consumers with the most
accurate information. The NND provided nutrient
profiles for six seafood species with data on both wild-
caught and farm-raised versions: four fish (rainbow
trout, Atlantic and Coho salmon, and catfish), eastern 
oysters, and mixed species crayfish. The key nutrients 
EPA and DHA were on average comparable or greater 
for farmed trout, salmon, and oysters compared to wild
capture, reflecting the higher total fat content of these 
farmed species. On the other hand, low-trophic species,
such as catfish and crayfish, when farmed, were lower
in EPA and DHA compared to wild capture. Cladis et 
al. determined EPA and DHA levels for five farmed 
and wild fish species (rainbow trout, white sturgeon, 
Chinook salmon, Atlantic cod, striped bass), providing
an update and comparison for some of these species 
(Figure D5.2)26. Farmed Atlantic salmon was similar 
between the NND and the update and most other 
species compared well; however, Chinook salmon and 
sturgeon showed differences in EPA and DHA content 
(although farmed and wild were not distinguished in 
the NND). Overall, these data showed that existing
DGAC recommendations to consume a variety of
seafood can be met by consuming a diverse range of
species, including farmed species. 
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Figure D5.2. Comparison of EPA and DHA drawn from data in USDA National Nutrient Database (*)25 and 
update from Cladis et al.26 

For additional details on this body of evidence, visit:
Appendix E-2.38 Evidence Portfolio and 
http://www.ars.usda.gov/ba/bhnrc/ndl 

4XHVWLRQ����:KDW�DUH�WKH�FRPSDUDWLYH� 
FRQWDPLQDQW�OHYHOV�RI�FXUUHQW�IDUP�UDLVHG� 
YHUVXV�ZLOG�FDXJKW�VHDIRRG"� 

Source of evidence: Report of the Joint United
Nations Food and Agriculture Organization/World 
Health Organization Expert Consultation on the Risks 
and Benefits of Fish Consumption. Rome, 25±29 
January 2010. FAO Fisheries and Aquaculture Report 
No. 978.27 

&RQFOXVLRQ� 

The DGAC concurs with the Consultancy that, for the 
majority of commercial wild and farmed species,
neither the risks of mercury nor organic pollutants 
outweigh the health benefits of seafood consumption, 
such as decreased cardiovascular disease risk and 
improved infant neurodevelopment. However, any
assessment evaluates evidence within a time frame and 
contaminant composition can change rapidly based on 
the contamination conditions at the location of wild 
catch and altered production practices for farmed 
seafood. DGAC Grade: Moderate 

� 
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,PSOLFDWLRQV� 

Based on risk/benefit comparisons, either farmed or 
wild-caught seafood are appropriate choices to 
consume to meet current Dietary Guidelines for 
Americans for increased seafood consumption. The 
DGAC supports the current FDA and Environmental
Protection Agency recommendations that women who 
are pregnant (or those who may become pregnant) and 
breastfeeding should not eat certain types of seafood² 
tilefish, shark, swordfish, and king mackerel²because 
of their high methyl mercury contents. Attention should 
be paid to local seafood advisories when eating seafood
caught from local rivers, streams, and lakes. 

Based on the most current evidence on mercury levels 
in albacore tuna provided in the Report of the Joint 
United Nations Food and Agriculture 
Organization/World Health Organization Expert 
Consultation on the Risks and Benefits of Fish 
Consumption, 2010,27 the DGAC recommends that the 
Environmental Protection Agency and FDA re-evaluate 
their current recommendations61 for women who are 
pregnant (or for women who may become pregnant) or
breastfeeding to limit white albacore tuna to not more 
than 6 ounces a week. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The Report of the FAO/WHO Expert Consultation on
the Risks and Benefits of Fish Consumption27 was used 
to address this question. This report was chosen as the 
most current and comprehensive source on 
contaminants in wild-caught and farm-raised seafood, 
and the DGAC focused on data that addressed the 
specific comparison between the two. The sections of
the report that were used to address the question were 
³'DWD�RQ�WKH�FRPSRVLWLRQ�RI�ILVK´�DQG�³5LVN-benefit 
FRPSDULVRQV�´�The consultancy took a net effects 
approach, balancing benefits of seafood, especially
benefits associated with EPA and DHA, against the 
adverse effects of mercury and persistent organic 
pollutants (POPs), including polychlorinated biphenyls, 
polychlorinated dibenzo-p-dioxins, and polychlorinated
dibenzofurans, collectively referred to as dioxins. The 
Expert Consultancy compiled EPA and DHA, mercury, 
and dioxins compositional data from national databases 
of the United States, France, Norway, and Japan, as
well as an international database. Together, these
provided information on total fat, EPA and DHA, total 
mercury, and dioxins for a large number of seafood 

species, including three farmed and wild species 
(salmon, rainbow trout, and halibut). Two specific 
outcomes were considered for risk/benefit: 1) prenatal 
exposure and offspring neurodevelopment, and 2)
mortality from cardiovascular diseases and cancer. 

Overall, for the species examined, levels of mercury
and dioxins were in the same range for farmed and wild 
seafood. Related to risk/benefit, at the same level of 
mercury content (lowest [� 0.1 Pg/g] and 2nd lowest 
[0.1 - 0.5 Pg/g] levels), farmed seafood had the same or 
higher levels of EPA and DHA as wild-caught. At the 
same level of dioxin content (2nd lowest [0.5 ± 4 pg
toxic equivalents (TEQ)/g] level), farmed seafood had
the same or higher levels of EPA and DHA as wild-
caught. Only wild-caught Pacific salmon had the 
lowest level of dioxins (<0.5 pg TEQ/g). Overall, the 
quantitative risk/benefit analysis was not different for 
farmed compared to wild-caught seafood. For both, 
using the central estimate for benefits of DHA and for
harm from mercury, the neurodevelopmental risks of 
not eating seafood exceeded the risks of eating seafood. 
Similarly, for coronary heart disease (CHD) in adults, 
there were CHD mortality benefits from eating seafood
and CHD risks from not eating seafood, except for 
seafood in the highest dioxin category and lowest EPA
and DHA category, which did not include any of the
farm-raised species considered.  

Albacore tuna, produced only from wild marine 
fisheries, is a special case of a popular fish highlighted 
by the 2004 FDA and EPA advisory.61, 62 For all levels 
of intake including more than double the 12 ounces per 
week recommendation, all evidence was in favor of net 
benefits for infant development and CHD risk
reduction. 

Limitations in the evidence included the small number 
of farmed and wild seafood species comparisons 
considered by the Expert Consultancy, and the 
possibility of rapid change that may occur in the 
concentration of contaminants locally. In addition, 
seafood contaminants are closely linked to levels of 
contaminants in feed. 

For additional details on this body of evidence, visit:
Appendix E-2.38 and Report of the Joint Food and 
Agriculture Organization of the United Nations (FAO)
and the World Health Organization (WHO) Expert 
Consultation on the Risks and Benefits of Fish 
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Consumption, 2011. Available at 
http://www.fao.org/docrep/014/ba0136e/ba0136e00.pdf 

4XHVWLRQ����:KDW�LV�WKH�ZRUOGZLGH�FDSDFLW\�WR� 
SURGXFH�IDUP�UDLVHG�YHUVXV�ZLOG�FDXJKW� 
VHDIRRG�WKDW�LV�QXWULWLRXV�DQG�VDIH�IRU�WKH�8�6�� 
SRSXODWLRQ"� 

Source of evidence: United Nations (UN) Food and 
Agriculture Organization (FAO) report on The State of 
World Fisheries and Agriculture.20 

&RQFOXVLRQV� 

The DGAC concurs with the FAO report that
consistent evidence demonstrates that capture fisheries 
increasingly managed in a sustainable way have 
remained stable over several decades. However, on 
average, capture fisheries are fully exploited and their
continuing productivity relies on careful management 
to avoid overexploitation and long-term collapse. 
DGAC Grade: Strong 

The DGAC endorses the FAO report that capture 
fisheries production plateaued around 1990 while 
aquaculture has increased since that time to meet 
increasing demand. Evidence suggests that expanded
seafood production will rely on the continuation of a 
rapid increase in aquaculture output worldwide, 
projected at 33 percent increase by 2021, which will
add 15 percent to the total supply of seafood.20 

'LVWULEXWHG�HYHQO\�WR�WKH�ZRUOG¶V�SRSXODWLRQ��WKLV�
capacity could in principle meet Dietary Guidelines 
recommendations for consumption of at least 8 ounces 
of seafood per week. Concern exists that the expanded
capacity may be for low-trophic level seafood that has 
relatively low levels of EPA and DHA compared to
other species. Under the current production, Americans
who seek to meet U.S. Dietary Guidelines 
recommendations must rely on significant amounts of
imported seafood (~90 percent). DGAC Grade: 
Moderate 

,PSOLFDWLRQV� 

Both wild and farmed seafood are major food sources 
available to support DGAC recommendations to 
regularly consume a variety of seafood. Responsible 
stewardship over environmental impact will be
important as farmed seafood production expands. 

Availability of these important foods is critical for 
future generations of Americans to meet their needs for
a healthy diet. Therefore, strong policy, research, and 
stewardship support are needed to increasingly improve 
the environmental sustainability of farmed seafood
systems. From the standpoint of the dietary guidelines 
this expanded production needs to be largely in EPA
and DHA rich species and supporting production of 
low-trophic level species of similar nutrient density as 
wild-caught. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The UN FAO report on The State of World Fisheries 
and Agriculture issued in 2012 formed the basis of the 
'*$&¶V�HYLGHQFH�UHYLHZ�RQ�WKLV�WRSLF�20  The FAO 
report addresses a wide variety of issues affecting
capture fisheries and aquaculture, including economics, 
infrastructure, and labor and government policies. The
DGAC focused on matters that directly address the
world production of one important food²seafood²as 
a first attempt by a DGAC committee to consider the
implications of dietary guidelines for production of a 
related group of foods.  

The production of capture fisheries has remained stable
at about 90 million tons from 1990-2011 (Figure 
D5.3).20 At the same time, aquaculture production is 
rising and will continue to increase. FAO model 
projections indicate that in response to the higher
demand for seafood, world fisheries and aquaculture
production is projected to grow by 15 percent between 
2011 and 2021. This increase will be mainly due to 
increased aquaculture output, which is projected to 
increase 33 percent by 2021, compared with only 3 
percent growth in wild capture fisheries over the same 
period. It is predicted that aquaculture will remain one 
of the fastest growing animal food-producing sectors 
and will exceed that of beef, pork, or poultry. 
Aquaculture production is expected to expand on all 
continents with variations across countries and regions
in terms of the seafood species produced. Currently, the 
United States is the leading importer of seafood 
products world-wide, with imports making up about 90
percent of seafood consumption. Continuing to meet 
Americans needs for seafood will require stable 
importation or substantial expansion of domestic 
aquaculture.  
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Figure D5.3. Comparison of fishery production and aquaculture, 1950-2010. 

For additional details on this body of evidence, visit:
Appendix E-2.38 and UN FAO report on The State of 
World Fisheries and Agriculture, 2012. Available at 
http://www.fao.org/fishery/sofia/en 

)22'�6$)(7<� 

The DGAC review of the evidence on food safety
topics was limited to usual coffee/caffeine
consumption, high dose caffeine consumption, and 
aspartame. Coffee is one of the most widely consumed 
beverages in the U.S. and represents a major source of
caffeine.63 The effects of coffee/caffeine consumption
have not been evaluated by any prior DGAC. The 
Committee reviewed the evidence on normal and 
excessive coffee/caffeine intake and health outcomes. 
In addition, the DGAC reviewed evidence on health
outcomes and aspartame; the most widely used 
nonnutritive sweetener. 

Given the importance of food-borne illness prevention, 
the Committee reviewed the 2010 DGAC report 
content related to consumer behaviors and updated the 
key food safety behavior principles.  

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
XVXDO�FRIIHH�FDIIHLQH�FRQVXPSWLRQ�DQG�KHDOWK"� 

Source of Evidence: Overview of systematic 
reviews and meta-analyses 

&RIIHH�&DIIHLQH�DQG�&KURQLF�'LVHDVH� 

&RQFOXVLRQ� 

Strong and consistent evidence shows that consumption
of coffee within the moderate range (3 to 5 cups/d or
up to 400 mg/d caffeine) is not associated with 
increased risk of major chronic diseases, such as
cardiovascular disease (CVD) and cancer and 
premature death in healthy adults. DGAC Grade: 
Strong 

Consistent observational evidence indicates that 
moderate coffee consumption is associated with 
reduced risk of type 2 diabetes and cardiovascular 
disease in healthy adults. In addition, consistent 
observational evidence indicates that regular
consumption of coffee is associated with reduced risk
of cancer of the liver and endometrium, and slightly 

2015 Dietary Guidelines Advisory Committee Report 298 

http://www.fao.org/fishery/sofia/en


 

  

 

 

 

 

 
 

 

 

 

 

  
  

  
 

 

 

  

 
 

 

  

 
 

 

  

 
   

 

 

 

 
 

  

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

inverse or null associations are observed for other 
cancer sites. DGAC Grade: Moderate 

,PSOLFDWLRQV 

Moderate coffee consumption can be incorporated into
a healthy lifestyle, along with other behaviors, such as 
refraining from smoking, consuming a nutritionally
balanced diet, maintaining a healthy body weight, and 
being physically active. However, it should be noted 
that coffee, as it is normally consumed, frequently
contains added calories from cream, milk, and added 
sugars. Care should be taken to minimize these caloric 
additions. Furthermore, individuals who do not 
consume caffeinated coffee should not start to consume 
it for health benefits alone. 

5HYLHZ�RI�WKH�(YLGHQFH 

7RWDO�0RUWDOLW\� 
Evidence suggests a significant inverse relationship 
between coffee consumption of 1 to 4 cups per day
with total mortality, especially CVD mortality. This 
evidence is based on three meta-analyses of more than
20 prospective cohort studies.64-66 In general,  results 
were similar for men and women. The risk reduction 
associated with each cup of coffee per day was 
between 3 to 4 percent. In addition, Je and Giovannucci 
found a significant inverse association between coffee
consumption and CVD mortality.65 This association 
was stronger in women (16 percent lower risk) than in 
men (8 percent lower risk). However, no association 
was found for cancer mortality. Crippa et al. found that 
the lowest risk was observed for 4 cups per day for all-
cause mortality (16%) and 3 cups per day for CVD
mortality (21%).64 

&DUGLRYDVFXODU�'LVHDVH� 
A large and current body of evidence directly
addressed the relationship between normal coffee 
consumption and risk of CVD. The evidence included
12 systematic reviews with meta-analyses, all of which
had high quality ratings (AMSTAR scores 8/11 ± 
11/11). CVD incidence and mortality, as well as CHD,
stroke, heart failure, and hypertension were assessed by
meta-analyses that consisted primarily of prospective
cohort studies. Intermediate outcomes such as blood 
pressure, blood lipids, and blood glucose were assessed 
by meta-analyses of randomized controlled trials. 

CVD risk was assessed by a current meta-analysis of
36 prospective cohort studies on long-term coffee 
consumption.67 This analysis showed a non-linear 
association, such that the lowest risk of CVD was seen
with moderate coffee consumption (3 to 5 cups/day), 
but higher intakes (>5 cups/day) were neither 
protective nor harmful. Overall, moderate consumption
of caffeinated, but not decaffeinated, coffee was 
associated with a 12 percent lower risk of CVD. 

Results from the assessment of CHD risk in three meta-
analyses were not entirely consistent.67-69 Ding et al. 
found 10 percent lower CHD risk with moderate coffee 
consumption (3 to 5 cups/day) in a meta-analysis of 30
prospective cohort studies, whereas Wu et al. and Sofi 
et al. in meta-analyses of 21 and 10 prospective cohort
studies, respectively, found no association between 
coffee consumption and CHD risk. 67-69 However, in
sub-group analysis, Wu et al. found that habitual 
moderate coffee consumption (1 to 4 cups/day) was 
associated with an 18 percent lower risk of CHD 
among women.69 Overall, the meta-analyses of Sofi et 
al. and Wu et al. were conducted with smaller bodies of 
evidence and Ding et al. assessed several more recent 
studies.67-69 Of note, coffee brewing methods have
changed over time and the filter method has become 
more widely used, replacing unfiltered forms of coffee
such as boiled coffee that were more widely reported  
by participants in earlier studies. Thus, the findings by
Ding et al. are more up to date, reflecting health effects
of coffee consumed in recent cohorts. 

Risk of stroke was assessed in two systematic reviews
with meta-analyses of prospective cohort studies with 
consistent findings.70, 71 Kim et al. found that coffee 
intake of 4 or more cups per day had a protective 
association  on risk of stroke.70 Larsson et al. 
documented a non-linear association such that coffee 
consumption ranging from 1 to 6 cups per day was 
associated with an 8 percent to 13 percent lower risk of
stroke, and higher intakes were not associated with 
decreased or increased risk.71 The inverse associations 
were limited to ischemic stroke and no association was 
seen with hemorrhagic stroke. 

Regarding blood pressure, three meta-analyses 
evaluated the effect of coffee and caffeine on systolic
and diastolic blood pressure using controlled trials.72-74 

The most recent meta-analysis of 10 randomized 
controlled trials by Steffen et al. showed no effect of
coffee on either systolic or diastolic blood pressure. 
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Similarly, in another meta-analysis of 11 coffee trials 
and 5 caffeine trials, caffeine doses of <410 milligrams 
per day had no effect on systolic and diastolic blood 
pressure, while doses of 410 or more milligrams per
day resulted in a net increase.73 A third meta-analysis 
showed that among individuals with hypertension, 200 
to 300 milligrams of caffeine (equivalent to ~2 to 3 
cups filtered coffee) resulted in an acute increase of
systolic and diastolic blood pressure.72 Additionally, 
two meta-analyses quantified the effect of coffee on 
incidence of hypertension74, 75 and found no association 
between habitual coffee consumption and risk of 
hypertension. However, Zhang et al. documented a 
slightly elevated risk for light to moderate consumption 
(1 to 3 cups/day) of coffee compared to less than 1 cup
per day.75 

Regarding blood lipids, meta-analyses of short-term
randomized controlled trials revealed that coffee 
consumption contributed significantly to an increase in
total cholesterol and LDL-cholesterol, but cholesterol-
raising effects were primarily limited to unfiltered 
coffee and filtered coffee appeared to have minimal 
effects on serum cholesterol levels.76, 77 

In a meta-analysis of observational study data, 
including prospective, retrospective, and case-control 
studies, higher amounts of coffee or caffeine had no 
association with risk of atrial fibrillation, but low doses 
of caffeine (<350 mg/day) appeared to have a 
protective association.78 In addition, coffee 
consumption of 1 to 5 cups per day was found to be
inversely associated with risk of heart failure in a meta-
analysis of five prospective studies.79 A non-linear 
association was documented and the lowest risk was 
observed for 4 cups per day.79 

7\SH���'LDEHWHV� 
Coffee consumption has consistently been associated 
with a reduced risk of type 2 diabetes. In four meta-
analyses of prospective cohort studies80-83 and cross-
sectional studies,83 coffee consumption was inversely
associated with risk of type 2 diabetes in a dose-
response manner. Compared to non-drinkers, risk for
type 2 diabetes was 33 percent lower for those 
consuming 6 cups per day in the analysis by Ding et al.
while the risk was 37 percent lower for those 
consuming 10 cups per day in the analysis by Jiang et
al.67, 82 Using a sub-set of the prospective cohorts in the
Ding et al. and Jiang et al. meta-analyses, Huxley et al. 
documented that each cup of coffee was associated 

with a 7 percent lower risk of type 2 diabetes.81 

Similarly, van Dam and Hu noted that consumption of 
���RU����FXSV�SHU�day was associated with a 35 percent 
lower risk of type 2 diabetes.83 Three meta-analyses80-82 

also found protective associations for decaffeinated 
coffee. Moderate decaffeinated coffee consumption (3
to 4 cups/day) was associated with a 36 percent lower 
risk of type 2 diabetes.81 Each cup of decaffeinated 
coffee was associated with a 6 percent lower risk80 

while every 2 cups were associated with a 11 percent 
lower risk.82 Both reports also documented a dose-
response association between caffeine and type 2 
diabetes risk such that every 140 milligrams per day
was associated with an 8 percent lower risk in the Ding
et al. meta-analysis, while every 200 milligrams per 
day was associated with a 14 percent lower risk in the 
analysis by Jiang et al.80, 82 However, it remains unclear
if this inverse association is independent of coffee 
consumption, as Ding et al. indicated that none of the 
studies included in the caffeine dose-response analysis
adjusted for total coffee.  

Only one systematic review of nine randomized 
controlled trials examined the effects of caffeine on 
blood glucose and insulin concentrations among those 
with type 2 diabetes.84 Ingestion of 200 to 500 
milligrams of caffeine acutely increased blood glucose
concentrations by 16 to 28 percent of the area under the 
curve and insulin secretions by 19 to 48 percent of the 
area under the curve when taken before a glucose load. 
At the same time, these trials also noted a decrease in
insulin sensitivity by 14 to 37 percent. Although no 
study has examined whether the effects of caffeine on
blood glucose and insulin persist in the long term, 
evidence from prospective cohorts indicates that the 
acute effects of caffeine do not translate into long-term
risk of type 2 diabetes. Furthermore, the inverse 
association between decaffeinated coffee and diabetes 
risk suggests that the observed benefit is likely to be
due to other constituents in coffee rather than caffeine. 

&DQFHU�
Several systematic reviews and meta-analyses 
examined the association between coffee consumption 
and risk of cancer. Types of cancer examined by the 
DGAC included total cancer, cancers of the lung, liver, 
breast, prostate, ovaries, endometrium, bladder, 
pancreas, upper digestive and respiratory tract, 
esophagus, stomach, colon, and rectum. 
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In a quantitative summary of 40 prospective cohort
studies with an average follow-up of 14.3 years, Yu et
al. found a 13 percent lower risk of total cancer among 
coffee drinkers compared to non-drinkers or those with
lowest intakes.85 Risk estimates were similar for men 
and women. In sub-group analyses, the authors noted 
that coffee drinking was associated with a reduced risk
of bladder, breast, buccal and pharyngeal, colorectal, 
endometrial, esophageal, hepatocellular, leukemic, 
pancreatic, and prostate cancers. 

Tang et al. evaluated five prospective cohorts and eight 
case-control studies and found that, overall, those with
the highest levels of coffee consumption had a 27 
percent higher risk for lung cancer compared to never 
drinkers or those with least consumption.86 An increase 
in coffee consumption of 2 cups per day was associated
with a 14 percent higher risk of developing lung
cancer. However, because smoking is an important 
confounder, when analyses were stratified by smoking
status, coffee consumption was marginally protective 
in non-smokers and was not associated with lung
cancer among smokers. When estimates from two 
studies that examined decaffeinated coffee were 
summarized, a protective association with lung cancer 
was seen. No association was seen with lung cancer 
when only case-control studies were considered. 

Results from two meta-analyses indicate that coffee 
consumption is associated with a 40 to 50 percent 
lower risk of liver cancer,87 88 when considering both 
cohort and case-control studies. In one meta-analysis, 
the associations were significant in men but not in 
women.87 

Three meta-analyses of observational studies found no
association between coffee consumption,89-91 caffeine 
consumption, or decaffeinated coffee consumption and
risk of breast cancer. In all three reports, each 2 cups 
per day of coffee was marginally associated with a 2 
percent lower risk of breast cancer. However, in sub­
group analyses, coffee consumption was protective 
against breast cancer risk in postmenopausal women,89 

BRCA1 mutation carriers,89 and women with estrogen 
receptor negative breast tumors .90 

The association between coffee consumption and risk
of prostate cancer was mixed. Cao et al. and Zhong et
al. found that regular or high coffee consumption, 
compared to non- or lowest levels of consumption, was
associated with a 12 percent to 17 percent lower risk of 

prostate cancer in prospective cohort studies.92, 93 

Further, each 2 cups of coffee per day was associated 
with a 7 percent lower risk of prostate cancer.
However, no associations were seen with case-control 
data alone or when these studies were examined 
together with prospective cohort studies. Using a 
combination of both prospective cohort and case-
control data, Discacciati et al. found that each 3 cups 
per day of coffee was associated with a 3 percent lower
risk of localized prostate cancer and an 11 percent 
lower risk of mortality from prostate cancer.94 On the 
other hand, after summarizing data from 12 prospective 
cohort and case-control studies, Park et al. found a 16 
percent higher risk of prostate cancer.95 However, in
sub-group analyses by study design, the higher risk was 
observed in case-control but not in cohort studies. 

Consumption of coffee was not associated with risk of 
ovarian cancer in a meta-analysis of seven prospective 
cohort studies with more than 640,000 participants.96 

Two meta-analyses confirmed an inverse association 
between coffee consumption and risk of endometrial 
cancer.97, 98 In the most recent and updated meta-
analysis of prospective cohort and case-control studies, 
compared to those in the lowest category of coffee 
consumption, those with the highest intakes of coffee 
had a 29 percent lower risk of endometrial cancer.98 

Each cup of coffee per day was associated with an 8 
percent lower risk of endometrial cancer. Similar 
results were found in the meta-analysis by Bravi et al. 
that included a sub-set of the studies in Je et al. and 
documented a 20 percent lower risk of endometrial 
cancer overall, and a 7 percent decrease for each cup of
coffee per day.97, 98 However, the association was 
significant only in case-control studies but not in cohort 
studies, most likely due to lower statistical power. 

A recent meta-analysis of 23 case-control studies by
Zhou et al. found coffee was a risk factor for bladder 
cancer. There was a smoking-adjusted increased risk of 
bladder cancer for those in the highest (45 percent), 
second highest, (21 percent), and third highest (8 
percent) groups of coffee consumption, compared to 
those in the lowest intake group.99 No association was, 
however, seen in cohort studies.  

Two meta-analyses of coffee consumption and
pancreatic cancer risk provided mixed results.85, 100 

Using both prospective cohort and case-control studies, 
Turati et al. found that coffee consumption was not 
associated with risk of pancreatic cancer.100 However, 
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an increased risk was seen in case-control studies that 
did not adjust for smoking. Using a sub-set of
prospective cohorts included in the Turati et al. meta-
analysis, Dong et al. found that coffee drinking was 
inversely associated with pancreatic cancer risk but did 
not separate studies based on their adjustment for 
smoking status.101 Sub-group analyses revealed a 
protective association in men, but not in women. 

Turati et al. quantified the association between coffee 
consumption and various upper digestive and 
respiratory tract cancers using data from observational 
studies.102 Coffee consumption was associated with a 
36 percent lower risk of oral and pharyngeal cancer but
not with risk of laryngeal cancer, esophageal squamous 
cell carcinoma, or esophageal adenocarcinoma. In a 
meta-analysis of prospective cohort and case-control 
studies, Zheng et al. noted that coffee was inversely, 
but non-significantly, associated with risk of 
esophageal cancer.103 Regarding gastric cancer, no 
association between coffee consumption and risk was 
seen in a meta-analysis of observational studies by
Botelho et al.104 

Three meta-analyses on the association between coffee
consumption and colorectal cancer risk have yielded 
mixed findings.105-107 Results from case-control studies 
suggested coffee consumption was associated with 
lower risk of colorectal (15 percent lower) and colon 
cancer (21 percent lower), especially in women. 
However, this inverse association was non-significant 
for cohort studies. Using all but one of the case-control 
studies, Galeone et al. arrived at similar conclusions as
a Li et al. analysis, although associations were in 
general stronger.105, 107 Galeone et al. also provided 
suggestive evidence for a dose-response relationship 
between coffee and colorectal cancer such that each 
cup of coffee was associated with a 6 percent lower
risk of colorectal cancer, 5 percent lower risk of colon 
cancer, and 3 percent lower risk of rectal cancer.105 

Using several prospective cohort studies, as in the Li et 
al. meta-analysis, Je et al. found no significant 
association of coffee consumption with risk of 
colorectal cancer.106, 107 Interestingly, no differences
were seen by sex but the suggestive inverse 
associations were slightly stronger in studies that 
adjusted for smoking and alcohol. 

For additional details on this body of evidence, visit:
Appendix E-2.39a Evidence Portfolio, Appendix E­
2.39b Systematic Review/Meta-Analysis Data Table,
and References 64-107 

&DIIHLQH�DQG�1HXURGHJHQHUDWLYH�'LVHDVH� 

&RQFOXVLRQ 

Consistent evidence indicates an inverse association 
EHWZHHQ�FDIIHLQH�LQWDNH�DQG�ULVN�RI�3DUNLQVRQ¶V�
disease. DGAC Grade: Moderate 

Limited evidence indicates that caffeine consumption is
associated with a modestly lower risk of cognitive 
decline or impaiUPHQW�DQG�ORZHU�ULVN�RI�$O]KHLPHU¶V� 
disease. DGAC Grade: Limited 

,PSOLFDWLRQV� 

Moderate coffee consumption can be incorporated into
a healthy lifestyle, along with other behaviors, such as 
refraining from smoking, consuming a nutritionally
balanced diet, maintaining a healthy body weight, and 
being physically active. However, it should be noted 
that coffee as it is normally consumed can contain 
added calories from cream, milk, and added sugars. 
Care should be taken to minimize these caloric 
additions. Furthermore, individuals who do not 
consume caffeinated coffee should not start to consume 
it for health benefits alone. 

5HYLHZ�RI�WKH�(YLGHQFH� 

3DUNLQVRQ¶V�'LVHDVH�
Evidence from two systematic reviews108, 109 and one 
quantitative meta-analysis110 confirmed an inverse 
association between coffee, caffeine, and risk of 
3DUNLQVRQ¶V�GLVHDVH��4L�HW�DO��HYDOXDWHG�VL[�FDVH-control 
studies and seven prospective articles and documented
a non-linear relationship between coffee and risk of 
3DUNLQVRQ¶V�GLVHDVH, overall.110 The lowest risk was 
observed at about 3 cups per day (smoking-adjusted 
risk reduction was 28 percent). For caffeine, a linear 
dose-response was found and every 200 milligrams per 
day increment in caffeine intake was associated with a
17 perceQW�ORZHU�ULVN�RI�3DUNLQVRQ¶V�GLVHDVH��8VLQJ�D�
combination of cohort, case-control, and cross-
sectional data, Costa et al. summarized that the risk of 
3DUNLQVRQ¶V�GLVHDVH�ZDV����SHUFHQW�ORZHU�DPRQJ�WKRVH�
consuming the highest versus lowest amounts of 
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caffeine.108 Like Qi et al., Costa et al. documented a 
linear dose-response with caffeine intake such that 
every 300 milligrams per day was associated with a 24
SHUFHQW�ORZHU�ULVN�RI�3DUNLQVRQ¶V�GLVHDVH��,Q�ERWK�
reports, associations were weaker among women than
in men. 

&RJQLWLRQ�
Two systematic reviews111, 112 and one meta-analysis112 

examined the effects of caffeine from various sources, 
including coffee, tea, and chocolate, on cognitive 
outcomes. Arab et al. systematically reviewed six 
longitudinal cohort studies evaluating the effect of
caffeine or caffeine-rich beverages on cognitive
decline.111 Most studies in this review used the Mini 
Mental State Examination Score as a global measure of
cognitive decline. The review concluded that estimates 
of cognitive decline were lower among caffeine 
consumers, although there was no clear dose-response 
relationship. Studies also showed stronger associations 
among women than men. In a meta-analysis of nine 
cohort and two case-control studies, caffeine intake 
from various sources was associated with a 16 percent 
lower risk of various measures of cognitive 
impairment/decline. Specifically, data from four 
studies indicate that caffeine is associated with a 38 
SHUFHQW�ORZHU�ULVN�RI�$O]KHLPHU¶V�GLVHDVH� 

For additional details on this body of evidence, visit:
Appendix E-2.39a Evidence Portfolio, Appendix E­
2.39b Systematic Review/Meta-Analysis Data Table,
and References 108-112 

&DIIHLQH�DQG�3UHJQDQF\�2XWFRPHV� 

&RQFOXVLRQ� 

Consistent evidence from observational studies 
indicates that moderate caffeine intake in pregnant 
women is not associated with risk of preterm delivery.
DGAC Grade: Moderate 

Higher caffeine intake is associated with a small 
increased risk of miscarriage, stillbirth, low birth 
weight, and small for gestational age (SGA) births.
However, these data should be interpreted cautiously
due to potential recall bias in the case-control studies 
and confounding by smoking and pregnancy signal 
symptoms. The DGAC recognizes that there is limited
data to identify a level of caffeine intake beyond which 
risk increases. Based on the existing data, the risk of 

miscarriage, stillbirth, low birth weight, and SGA
births is minimal given the average caffeine intake of 
pregnant women in the United States. DGAC Grade: 
Limited 

,PSOLFDWLRQV� 

Overall, the evidence supports current
recommendations to limit caffeine intake during
pregnancy as a precaution. Based on existing evidence,
women who are pregnant or planning to become 
pregnant should be cautious and adhere to current 
recommendations of the American Congress of 
Obstetricians and Gynecologists regarding caffeine
consumption, and not consume more than 200 
milligrams of caffeine per day (approximately two cups
of coffee per day). 

5HYLHZ�RI�WKH�(YLGHQFH� 

Two SRs/MA assessed observational studies on the
association of caffeine intake with adverse pregnancy
outcomes.113, 114 The pregnancy outcomes included 
miscarriage, pre-term birth, stillbirth, SGA, and low
birth weight. The most recent SR/MA by Greenwood et
al. quantified the association between caffeine intake 
and adverse pregnancy outcomes from 60 publications 
from 53 separate cohort (26) and case-control (27) 
studies.113 The evidence covered a variety of countries
with caffeine intake categories that ranged from non-
consumers to those consuming more than 1000 
milligrams per day. They found that an increment of 
100 milligrams of caffeine was associated with a 14 
percent increased risk of miscarriage, 19 percent
increased risk of stillbirth, 10 percent increased risk of
SGA, and 7 percent increased risk of low birth weight. 
The risk of pre-term delivery was not increased
significantly. The magnitude of these associations was 
relatively small within the range of caffeine intakes of
the majority women in the study populations, and the 
associations became more pronounced at higher range
(>300 mg/day). The authors also note the substantial 
heterogeneity observed in the meta-analyses shows that 
interpretation of the results should be cautious. In
addition, the results from prospective cohort studies 
and case-control studies were mixed together. Because 
coffee consumption is positively correlated with
smoking, residual confounding by smoking may have 
biased the results toward a positive direction.  
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The other SR/MA assessed pre-term birth and the 
results were in agreement with Greenwood et al.113 

Maslova et al. reviewed 22 studies (15 cohort and 7 
case-control studies) and found no significant 
association between caffeine intake and risk of pre­
term birth in either case-control or cohort studies.114 

For all of the observational studies assessed across the 
SRs/MA, most studies did not adequately adjust for the 
pregnancy signal phenomenon, i.e. that nausea, 
vomiting, and other adverse symptoms are associated 
with a healthy pregnancy that results in a live birth, 
whereas pregnancy signal symptoms occur less 
frequently when the result is miscarriage. Coffee 
consumption decreases with increasing pregnancy
signal symptoms, typically during the early weeks of 
pregnancy, and this severely confounds the 
association.115 Greenwood et al. state that this potential 
bias is the most prominent argument against a causal 
role for caffeine in adverse pregnancy outcomes.113 

Only one randomized controlled trial of caffeine/coffee 
reduction during pregnancy has been conducted to 
date.116 The study found that in pregnant women who 
consumed at least three cups of coffee a day and were 
less than 20 weeks pregnant, a reduction of 200 
milligrams of caffeine intake (~ 2 cups) per day did not
significantly influence birth weight or length of
gestation, compared to those with no decrease in 
caffeine consumption. The trial did not examine other 
outcomes. 
� 
For additional details on this body of evidence, visit:� 
Appendix E-2.39a Evidence Portfolio, Appendix E­
2.39b Systematic Review/Meta-Analysis Data Table,
and References 113, 114 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
KLJK�GRVH�FRIIHH�FDIIHLQH�FRQVXPSWLRQ�DQG� 
KHDOWK"� 

Source of Evidence: Systematic reviews117, 118 

&RQFOXVLRQ� 

Evidence on the effects of excessive caffeine intake on 
the health of adults or children (>400 mg/day for 
adults; undetermined for children and adolescents) is
limited. Some evidence links high caffeine intake in the 
form of energy drinks to certain adverse outcomes, 
such as caffeine toxicity and cardiovascular events. 
Randomized controlled trials (RCTs) on the 
relationship between high-caffeine energy drinks and 

cardiovascular risk factors and other health outcomes 
report mixed results. Evidence also is limited on the 
health effects of mixing alcohol with energy drinks, but 
some evidence suggests that energy drinks may mask
the effects of alcohol intoxication, so an individual may
drink more and increase their risk of alcohol-related 
adverse events. DGAC Grade: Limited 

,PSOLFDWLRQV� 

Early safety signals consisting of case reports of
adverse events associated with high-caffeine drink
consumption, including increased emergency room
visits, indicate a potential public health problem. The 
DGAC agrees with the American Academy of
Pediatrics and the American Medical Association that 
until safety has been demonstrated, limited or no 
consumption of high-caffeine drinks, or other products
with high amounts of caffeine, is advised for 
vulnerable populations, including children and 
adolescents. High-caffeine energy drinks and alcoholic
beverages should not be consumed together, either 
mixed together or consumed at the same sitting. This is
especially true for children and adolescents. 

%DFNJURXQG� 

According to the FDA, the upper limit of moderate 
caffeine intake in healthy adult populations (barring
pregnant women) is 400 milligrams per day, with
intakes higher than this being considered excessive 
caffeine consumption. The FDA has not defined 
moderate and excessive intake levels for children and 
adolescents. However, according to Health Canada, 
children should not consume more than 2.5 milligrams
of caffeine per kilogram bodyweight per day.119 

Although this guideline pertains only to children up to
the age of 12 years, in the literature it is usually applied
to children and adolescents of all ages. A caffeine 
threshold of 2.5 milligrams per kilogram of body 
weight per day would translate into around 37.5 
milligrams per day for children ages 2 to 5 years with 
an average weight of 15 kilograms, 75 milligrams per 
day for youth ages 6 to 12 years with an average 
weight of 30 kilograms, and 137.5 milligrams per day
for youth ages 13 to 17 years with an average weight of
55 kilograms.  

The main sources of caffeine among both adults and 
children are coffee, tea, and carbonated soft drinks. 
Another product, which has received a lot of attention 
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recently as a potential source of excessive caffeine 
intake, especially among younger populations, is 
energy drinks.120 An energy drink is a beverage that
contains caffeine as its active ingredient, along with
other ingredients such as taurine, herbal supplements, 
vitamins, and sugar. It is usually marketed as a product
that can improve energy, stamina, athletic performance, 
or concentration.121 Energy drinks are relatively new to
the market and have evaded oversight and regulation 
by the FDA due to their classification as dietary
supplements, or because their components are 
generally recognized as safe.121  Overall, these drinks 
are highly variable in caffeine content and some 
products have excessively high caffeine content (from
50 to 505 mg per can/bottle, with caffeine 
concentrations anywhere between 2.5 to 171 mg per 
fluid ounce).122 

Health organizations including the American Academy 
of Pediatrics, the International Society of Sports 
Nutrition, and the American Medical Association have
issued position statements on energy drinks, advising
limited or no consumption among children and 
adolescents. Given the increasing evidence pointing
toward harmful effects of excessive caffeine 
consumption,105-107 the FDA requested the IOM to 
convene a workshop examining the science behind safe 
levels of caffeine intake. A report summarizing this 
workshop was recently published.123 Its main 
conclusions were: 1) Children and adolescents are a 
potential vulnerable group, in whom caffeine intake 
could have detrimental health consequences. This is 
particularly important given insufficient data on
caffeine consumption in this demographic, which is 
increasingly getting exposed to new modes of caffeine
intake such as energy drinks, 2) not enough is 
understood about potential interactions between 
caffeine and other ingredients commonly found in 
caffeine-containing foods and beverages, and 3) more 
research is needed to identify individual differences in
reactions to caffeine, especially in vulnerable 
populations, including children with underlying heart 
conditions and individuals with genetic predispositions 
to heart conditions. 

The Center for Disease Control (CDC) recently
reported on trends in caffeine intake over the past
decade (1999-2010) among U.S. children, adolescents,
and young adults.124 The CDC found that although 
energy drinks were not widely available before 1999, 
energy drinks made up nearly 6 percent of caffeine 

intake in 2009-2010, indicating fast growth in U.S. 
consumption over a short period of time. When energy 
drink consumption was assessed in a nationally 
representative sample of U.S. secondary school 
students,125 35 percent of 8th graders, 30 percent of 10th 

graders, and 31 percent of 12th graders consumed 
energy drinks or shots, and consumption was higher for 
adolescent boys than girls. Furthermore, energy drink
use was associated with higher prevalence of substance
use, as assessed for all grades of U.S. secondary
students.  

Furthermore, a serious issue of public health concern 
has been the popular trend of combining energy drinks 
with alcoholic beverages. In 2010, the FDA determined 
that caffeine added to alcoholic beverages was not 
generally recognized as safe (GRAS), leading to 
withdrawal of premixed, caffeinated alcoholic 
beverages from the market.126 Currently, Health 
Canada caps caffeine levels for energy drinks at 100 
milligrams per 250 milliliters (~1 cup) and has 
determined that an energy drink container that cannot 
be resealed be treated as a single-serving container, 
because the total volume is usually consumed. They
also have mandated that manufacturers add a warning
to labels that energy drinks should not be combined 
with alcohol. Recently, the CDC has made public 
statements on the dangers of mixing alcohol and energy
drinks. They indicate that high amounts of caffeine in 
energy drinks can mask the intoxicating effects of
alcohol, while at the same time having no effect on the
metabolism of alcohol by the liver. Therefore, high 
amounts of caffeine in energy drinks may result in an 
³DZDNH´�VWDWH�RI�LQWR[LFDWLRQ��WKXV�LQFUHDVLQJ�WKH�ULVN�
of alcohol-related harm and injury
(http://www.cdc.gov/alcohol/fact-sheets/cab.htm,
March 2014).127 

5HYLHZ�RI�WKH�(YLGHQFH� 

Several case reports of adverse events related to energy 
drink use have been published. A recent systematic
review of case reports of adverse cardiovascular events
related to consumption of energy drinks documented 
17 such published case reports.118 The cardiovascular 
events documented included atrial fibrillation, 
ventricular fibrillation, supraventricular tachycardia, 
prolonged QT, and ST elevation. In 41 percent of the 
cases, the person had consumed large amounts of 
energy drinks, and 29 percent of the cases were 
associated with consumption of energy drinks together 
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with alcohol or other drugs. In 88 percent of the cases, 
no underlying cardiac condition was found that could 
potentially explain the cardiovascular event, although 
other cardiovascular risk factors co-occurred with 
energy drink consumption before the onset of the event 
in most cases. Of the cases that presented with serious 
adverse events, including cardiac arrest, the majority
occurred with either acute heavy consumption of 
energy drinks or consumption in combination with 
alcohol or other drugs. Overall, the authors concluded 
that causality cannot be inferred from this case series, 
but physicians should routinely inquire about energy
drink consumption in relevant cases and vulnerable 
consumers should be cautioned against heavy
consumption of energy drinks or concomitant alcohol 
(or drug) ingestion. This systematic review is 
consistent with a recent report from the Drug Abuse 
Warning Network (DAWN) on energy drink-related 
emergency room visits that showed U.S. emergency 
room visits temporally related to energy drink
consumption doubled between 2007 and 2011.128 These 
visits were attributed mainly to adverse reactions to 
energy drinks, but also to combinations with alcohol or
drugs. It is generally agreed that adverse events 
associated with energy drink consumption are 
underreported. 

Several short-term RCTs have examined the health 
effects of energy drink consumption. All of these have 
been carried out in adult populations, probably due to 
ethical constraints in providing energy drinks to
children. Burrows et al. recently published a systematic
review of RCTs examining this question.117 They found 
15 such RCTS, examining the effect of variable doses 
of energy drinks (mean dose: one and a half 250 ml
cans per study session) with differing ingredient 
combinations and concentrations on a number of 
different health outcomes. The high variability in 
exposure and outcome definitions made a meta-
analysis infeasible. Overall, they found no consistent 
effects of energy drinks on cardiorespiratory outcomes 
(heart rate, arrhythmias, blood pressure), pathological
outcomes (blood glucose, blood lactate, free fatty acids, 
clinical safety markers), and body composition, with 
some studies showing positive, some inverse, and some 
no associations. For many of these outcomes, 
consistent results could not be stated due to only one 
study reporting on them. There was a slight indication
of a potential positive effect of energy drinks on 
physiological outcomes (run time to exhaustion, peak
oxygen uptake, resting energy expenditure). However, 

the authors concluded that more studies were needed 
before arriving at a definitive conclusion. Two of the 
studies assessed the simultaneous ingestion of alcohol 
and energy drinks.129, 130 One found that when 
compared with the ingestion of alcohol alone, the 
DGGLWLRQ�RI�DQ�HQHUJ\�GULQN�UHGXFHG�LQGLYLGXDOV¶�
perception of impairment from alcohol, while at the 
same time, objective measures indicated ongoing
deficits in motor coordination and visual acuity.129 Nor 
did energy drinks reduce breath alcohol concentration, 
indicating no change or increase in alcohol metabolism
by the liver. Another study on energy drinks in 
combination with alcohol and exercise showed that 
during post-exercise recovery there was no effect on 
arrhythmias within 6 hours of energy drink ingestion in
healthy young adults.130 

Many of the these studies have methodological 
limitations, such as lack of a true control group (water 
or no drink), a very short follow-up duration of only a 
few hours, and small sample sizes, which could explain
the inconsistent findings. In addition, many of these 
studies did not report whether they were commercially
funded. Several of those that did report funding sources
had financial conflicts of interest. Lastly, the doses of
energy drinks used in these studies were not too high, 
resulting in caffeine intake levels that fell within the 
normal range. It is possible that excessive caffeine 
intake due to heavy energy drink consumption 
adversely affects several health outcomes, but this 
hypothesis was not clearly addressed by these studies. 
Hence it is difficult to ascertain the impact of excessive
caffeine intake on health outcomes on the basis of these 
RCTs. In addition, very little data are available on the 
health effects of excessive caffeine consumption in 
pediatric populations. 

For additional details on this body of evidence, visit:
Appendix E-2.40 Evidence Portfolio and References 
117, 118 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
FRQVXPSWLRQ�RI�DVSDUWDPH�DQG�KHDOWK"� 

Source of Evidence: Scientific Opinion on the re­
evaluation of aspartame (E 951) as a food additive 
(2013), European Food Safety Authority (EFSA)
Panel on Food Additives and Nutrient Sources added to 
Food 29 

� 
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 &RQFOXVLRQ� 

The DGAC generally concurs with the European Food
Safety Authority (EFSA) Panel on Food Additives that
aspartame in amounts commonly consumed is safe and 
poses minimal health risk for healthy individuals 
without phenylketonuria (PKU). DGAC Grade: 
Moderate 

Limited and inconsistent evidence suggests a possible 
association between aspartame and risk of some
hematopoietic cancers (non-Hodgkin lymphoma and 
multiple myeloma) in men, indicating the need for 
more long-term human studies. In addition, limited and
inconsistent evidence indicates a potential for risk of 
preterm delivery. Due to very limited evidence it is not
possible to draw any conclusions on the relationship 
between aspartame consumption and headaches. 
DGAC Grade: Limited 

,PSOLFDWLRQV� 

If individuals choose to drink beverages that are 
sweetened with aspartame, they should stay below the 
aspartame Acceptable Daily Intake (ADI) of no more 
than 50 milligrams of aspartame per kilogram per day 
(a 12-ounce diet beverage contains approximately 180 
mg of aspartame).131 To be cautious, adults and 
children should be aware of the amount of aspartame 
they are consuming, given the need for more long-term
human studies. Currently, most Americans are well 
below the ADI.132 

%DFNJURXQG� 

Aspartame is the most common low-calorie sweetener 
used in the United States. It is found in numerous 
dietary sources. Although most commonly associated 
with low-calorie/low-sugar versions of carbonated and 
non-carbonated beverages, it also is found in low-
calorie/low-sugar versions of canned fruits and juices; 
instant cereals; baked goods; ice cream and frozen ices;
candy and chocolate products; jams, jellies, syrups, and 
condiments; yogurt; and beer. Non-nutritive sweeteners
are regulated by the FDA. The FDA has concluded that 
aspartame is safe as a general purpose sweetener in 
food.133 Given the high interest of the public in the 
safety of aspartame, the DGAC reviewed the EFSA
report on the sweetener and health outcomes. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The most recent European Food Safety Authority
report on the re-evaluation of aspartame as a food 
additive was used to address this question.29 The EFSA 
report based its evaluation on original study reports and 
information submitted following public calls for data, 
previous evaluations, and additional literature that 
became available up until the end of public 
consultation on November 15, 2013. The DGAC
focused on results from human studies, not animal 
studies or studies conducted in vitro. The Mode of 
Action (MoA) analysis on reproductive and 
developmental toxicity of aspartame also was included. 
Although the EFSA report considered both published 
and unpublished studies, the DGAC considered only
published studies. 

&DQFHU�
A relatively limited body of evidence on human studies
has directly addressed the relationship between 
aspartame consumption and cancer risk. The most
consistent finding in six U.S. and European case-
control studies134-139 was the absence of an adverse 
relationship between consumption of low-calorie 
sweeteners, including aspartame, and risk of some
cancers. An exception was one study in Argentina that 
found a positive association between long-term use 
�����\��RI�DUWLILFLDO�VZHHWHQHUV�DQG�ULVN�RI�XULQDU\�WUDFW�
tumors (UTT), compared to non-users; although for 
short-term users, no association was observed.134 

The findings of two prospective cohort studies140, 141 

were not consistent. Lim et al. examined a large cohort 
of men and women from the NIH-AARP Diet and 
Health study and found no association between 
consumption of aspartame-containing beverages and 
risk of overall hematopoietic cancers, brain cancers, or
their subtypes.140 A second large prospective cohort 
study by Shernhammer et al. LQYROYHG�WKH�1XUVHV¶�
Health Study (NHS) and Health Professionals Follow-
up Study (HPFS) cohorts followed over 22 years with 
dietary intake measured every 4 years.141 In this study, 
WKH�KLJKHVW�FDWHJRU\�RI�DVSDUWDPH�LQWDNH�������PJ�GD\�
from diet soda and aspartame packets) was associated
with significantly elevated risk of non-Hodgkin 
lymphoma (NHL) and of multiple myeloma in men,
but not in women. Both of the prospective cohort 
studies that addressed cancer risk had limitations 
regarding generalizability. The NIH-AARP cohort had
an age range of 50 to 71 years and was, therefore, not 
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generalizable to the overall adult population.
Additionally, the Panel considered the positive findings 
in Shernhammer et al. to be preliminary and require 
replication in other populations because the positive 
association between aspartame consumption and NHL 
was limited to men and lacked a clear dose-response 
relationship.29 

Further investigation should be considered to ensure 
that no association exists between aspartame 
consumption and specific cancer risk.  

3UHWHUP�'HOLYHU\� 
Two European cohort studies were used in this 
evaluation. A large prospective cohort study by
Halldorsson et al.142 from the Danish National Birth 
Cohort investigated associations between consumption
of artificially sweetened and sugar-sweetened soft 
drinks during pregnancy and subsequent pre-term
delivery. Also, a large prospective cohort study of 
Norwegian women by Englund-Ögge et al.143 

investigated the relationship between consumption of 
artificially sweetened and sugar-sweetened soft drinks 
during the first 4 to 5 months of pregnancy and 
subsequent pre-term delivery. In addition, La Vecchia 
combined these two studies in a meta-analysis that the 
Panel considered.144 

Regarding the Halldorsson study, significant trends in
risk of pre-term delivery with increasing consumption 
of artificially sweetened drinks (carbonated and non-
carbonated) were found, but not for sugar-sweetened 
drinks.142 ,Q�WKH�KLJKHVW�H[SRVXUH�JURXSV������
servings/d) the odds ratios relative to non-consumption
were 1.78 (95% CI: 1.19-2.66) and 1.29 (95% CI: 1.05­
1.59), respectively, for carbonated and non-carbonated 
artificially sweetened drinks. Associations with 
consumption of artificially sweetened carbonated 
drinks did not differ according to whether delivery was
very early (less than 32 weeks) or only moderately or 
late pre-term.142 The EFSA Panel noted that the 
prospective design and large size of the study sample 
were major strengths, and that the methods used had no
important flaws.29 The Panel agreed with the authors 
who concluded that replication of their findings in
another setting was warranted. 

Regarding the Englund-Ögge study, no significant 
trends were found in risk of pre-term delivery with 
increasing consumption of artificially sweetened drinks 
or sugar-sweetened drinks.143 Small elevations of risk 

were observed with higher consumption of artificially
sweetened soft drinks, but after adjustment for 
covariates, these reached significance only when 
categories of consumption were aggregated to four 
levels, and then the odds ratio for the highest category
�����serving/day) was 1.11 (95% CI: 1.00-1.24) 
compared with non-consumption. This was driven by
an increase in spontaneous but not medically induced 
pre-term delivery. Associations with sugar-sweetened
soft drinks tended to be stronger, with an adjusted odds
ratio of 1.25 (95% CI: 1.08-1.45) for consumption of at
least 1 serving per day. The Panel noted that effects 
may have been underestimated because of inaccuracies 
in the assessment of dietary exposures, but the method 
was similar to that used by Halldorsson et al., and the 
same for sugar-sweetened as for artificially sweetened 
soft drinks.29 

%HKDYLRU�DQG�&RJQLWLRQ�
Children²Two RCTs145, 146 and two non-randomized 
controlled trials147, 148 conducted in the United States 
were included in the evidence on effects of aspartame
on behavior and cognition in children. Wolraich et al. 
compared diets high in sucrose to diets high in 
aspartame in 25 preschool and 23 primary school-age
children and found that even when intake exceeded 
typical dietary levels, neither dietary sucrose nor 
DVSDUWDPH�DIIHFWHG�FKLOGUHQ¶V�EHKDYLRU�RU�FRJQLWLYH�
function.146 Shaywitz et al. examined the effect of large 
doses of aspartame (10 times usual consumption) on
behavioral/cognitive function in children with attention 
deficit disorder (ages 5 to 13 years) and found no effect
of aspartame on cognitive, attentive, or behavioral 
testing.146 Roshon and Hagan examined 12 preschool 
children on alternate experimental days with a 
challenge of sucrose- or aspartame-containing drinks 
and found no significant differences in locomotion, 
task orientation, or learning.148 Lastly, Kruesi et al.
investigated the effect of sugar, aspartame, saccharin, 
and glucose on disruptive behavior in 30 preschool 
boys on four separate experimental days.147 There was 
no significant difference in scores of aggression or 
REVHUYHU¶V�UDWLQJV�RI�EHKDYLRU�LQ�UHVSRQVH�WR�DQ\�RI�WKH�
treatments. The limitations of this evidence were that 
all of the trials were approximately 20 to 30 years old, 
all had small sample sizes, and all were conducted over 
the short-term (1 day to 3 weeks). Overall, the Panel 
noted that no effects of aspartame on behavior and 
cognition were observed in children in these studies.29 
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Adults²Seven studies on the effect of aspartame on 
adult behavior and cognition were included in this body
of evidence. Five RCTs, one non-randomized 
controlled trial, and one case-control study were 
conducted in the United States. Two of these trials 
examined a single experimental dose of aspartame on 
one day.149, 150 Lapierre et al. examined 15 milligrams 
of aspartame per kilogram of body weight in 10 healthy
adults and found no significant differences between 
aspartame and placebo in cognition or memory during
the study.149 Ryan-Harshman et al. tested 13 healthy
adult men and found no change in any behavioral 
effects measured.150 A third randomized crossover trial 
examined 48 adults over 20 days; half of the 
participants were given high dose aspartame (45 
mg/kg/d) and half were given low dose aspartame (15 
mg/kg/d).151 This study found no neuropsychologic, 
neurophysiologic, or behavioral effects linked to 
aspartame consumption. Two trials were conducted 
with pilots or college students to test cognitive abilities 
related to aviation tasks.152, 153 In the first study, 12 
pilots were given aspartame (50 mg/kg) or placebo and 
tested for aviation-related information processing after
a single treatment on one day. The authors detected no
performance decrements associated with exposure to 
aspartame. In the follow-up study, college students
were given repeated dosing of aspartame (50 mg/kg for 
9 days) and tested for aviation-related cognitive tasks. 
No impaired performance was observed. One non-
randomized crossover trial examined the effects of 
aspartame on mood and well-being in 120 young
college women and found no difference in changes in 
mood after consuming a 12-ounce water or aspartame-
sweetened beverage on a single day.154 Lastly, a case-
control study was conducted with 40 adults with 
unipolar depression and a similar number of subjects 
without a psychiatric history.155 Participants were given 
aspartame (30 mg/kg) or placebo for 7 days and
individuals with depression reported an increase in 
severity of self-scored symptoms between aspartame 
and placebo; whereas the non-depressed matched 
subjects reported no difference. This suggested that
individuals with mood disorders may be sensitive to 
aspartame. Overall, the Panel noted the limited number
of participants, the short duration of the studies, and the 
inconsistency of the reporting of the results in all adult
studies. However, despite these limitations, the Panel 
concluded that there was no evidence that aspartame 
affects behavior or cognitive function in adults.29 

2WKHU��+HDGDFKHV��6HL]XUHV��
Several studies examined headaches and seizures. A 
number of RCTs were conducted to assess the 
incidence of headache after consumption of aspartame. 
One RCT tested the effects of aspartame within 24 
hours of consumption (30 mg/kg) on 40 subjects with a 
history of headache and found no difference in the 
incidence rate of headaches.156 Another RCT looked at 
the effect of aspartame on frequency and intensity of 
migraine headaches in 10 subjects with medical 
diagnosis of migraine headaches over 4 weeks.157 The 
authors found an increase in the frequency of migraine
headaches with the aspartame treatment. In an RCT of
18 subjects with self-described sensitivity to aspartame, 
the participants reported headaches on 33 percent of the 
days, compared with 24 percent with placebo.158 The 
authors concluded that a subset of the population may
be susceptible to headaches induced by aspartame. 
Lastly, in a survey study of 171 patients at a headache 
unit, 8 percent reported that aspartame was a trigger of 
headaches compared to 2.3 percent for carbohydrates 
and 50 percent for alcohol.159 Overall, the Panel
concluded the possible effect of aspartame on 
headaches had been investigated in various studies 
which reported conflicting results, ranging from no 
effect to the suggestion that a small subset of the 
population may be susceptible to aspartame-induced 
headaches.29 The number of existing studies was small
and not recent and several studies had high dropout 
rates. The Panel noted that because of the limitations of 
the studies, it was not possible to draw a conclusion on
the relationship between aspartame consumption and 
headaches. 

Several small studies assessed seizures. One RCT in 
children investigated whether aspartame would induce 
the occurrence of petit mal seizures.160 Ten children 
were given one treatment of aspartame at the ADI of 40 
milligrams per kilogram and that treatment exacerbated
the number of electroencephalogram spike waves per 
hour for these children without a history of seizures. In
a second RCT, aspartame (34 mg/kg) was administered 
to 10 epileptic children over 2 weeks to examine the 
induction of seizures.145 No difference was found in the 
occurrence of seizures between aspartame and placebo 
exposure. Another RCT studied 18 subjects who 
claimed to have experienced epileptic seizures due to 
aspartame.161 One treatment (50 mg/kg) was 
administered on a single day and the authors reported 
no seizures or other adverse effect from aspartame 
treatment in this group. Overall, the Panel concluded 
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that the available data do not provide evidence for a 
relationship between aspartame consumption and
seizures.29 

3UHJQDQF\�2XWFRPHV���0RGH�RI�$FWLRQ��0R$�� 
$QDO\VLV��
The EFSA Panel considered that adverse effects on 
reproduction and development reported for aspartame 
in animal studies could be attributed to the metabolite 
phenylalanine.29 They undertook a formal Mode of
Action (MoA) analysis of the putative role of
phenylalanine in developmental toxicity (as seen in 
animal studies). 

Risk characterization was based on comparison of
plasma phenylalanine levels following aspartame 
administration with plasma phenylalanine levels 
associated with developmental effects in children born
from mothers with PKU. Current clinical practice
guidelines recommend PKU patients restrict dietary
intake of phenylalanine to keep plasma levels below
360 micromolar. The EFSA Panel noted that intakes of 
aspartame as a food additive could occur at the same 
time as other dietary phenylalanine sources. Therefore, 
they considered the threshold used for comparisons 
should be lowered to allow for simultaneous intake of 
aspartame with meals. So plasma phenylalanine from
WKH�GLHW�����ȝ0��ZDV�VXEWUDFWHG�IURP���� micromolar 
to determine the maximum safe plasma concentration 
of phenylalanine that can be derived from aspartame 
����ȝ0�� 

The Panel considered that given these conservative 
assumptions, realistic dietary intake of aspartame and 
the confidence intervals provided by the modeling, the 
peak plasma phenylalanine levels would not exceed the
clinical target threshold of 240 micromolar when a 
normal individual consumed aspartame at or below the
current ADI of 40 milligrams of aspartame per 
kilogram of body weight per day. Therefore, the Panel 
concluded there would not be a risk of adverse effects 
on pregnancy in the general population at the current 
ADI.29 

For additional details on this body of evidence, visit:
Appendix E-2.41 Evidence Portfolio and Scientific 
Opinion on the re-evaluation of aspartame (E 951) as a 
food additive (2013), European Food Safety Authority
(EFSA) Panel on Food Additives and Nutrient Sources
added to Food. Available at 
www.efsa.europa.eu/efsajournal 

4XHVWLRQ����:KDW�&RQVXPHU�%HKDYLRUV� 
3UHYHQW�)RRG�6DIHW\�3UREOHPV"��7RSLF�XSGDWH�
IURP������� 

,QWURGXFWLRQ�DQG�0HWKRGV� 

Food safety continues to be an issue of public health 
importance. Foodborne illness is a preventable, yet 
common issue affecting the U.S. population. Each year, 
approximately 1 in 6 people in the U.S. population 
become ill, 128,000 are hospitalized, and 3,000 die of
foodborne illness.162 It is critical to educate consumers 
and food producers on good techniques and behaviors
for preventing food borne illness. 

The 2010 DGAC conducted NEL systematic reviews 
for the Food Safety and Technology chapter and 
provided in-depth guidance on foodborne illness
prevention. The 2015 DGAC reviewed the content 
related to consumer behavior and the prevention of 
food safety problems. The Committee determined that
the majority of the 2010 food safety guidance was 
current and that only minor updates were necessary. 
For more information on the evidence review on food 
safety, refer to the DGAC 2010 report, Food Safety and 
Technology Section:
(http://origin.www.cnpp.usda.gov/Publications/Dietary
Guidelines/2010/DGAC/Report/D-8-FoodSafety.pdf).  

The four food safety principles²Clean, Separate, 
Cook, and Chill are the foundation of the Fight BAC!® 

campaign (www.fightbac.org) and are reemphasized in
this report. Data from the Centers for Disease Control 
and Prevention,30 Food and Drug Administration,31 and 
the Food Safety and Inspection Service32 were used to 
update the 2010 DGAC tables on the following topics 
related to consumer behavior and food safety: 

CLEAN and SEPARATE (Tables D5.1, D5.2, D5.3) 
x Techniques for hand sanitation, washing fresh 

produce, and preventing cross-contamination. 

COOK and CHILL (Table D5.4) 
 
 
x Temperature control during food preparation and


storage. 
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Table D5.3 includes updated guidance on preventing Tables D5.5 and D5.6 provide recommended 
cross-contamination from shopping to serving foods. techniques for using food and refrigerator/freezer 
Table D5.4 lists recommended internal temperatures thermometers. Specific changes made to the 2010 
for meat, seafood, eggs, and leftovers. Additionally, tables are detailed in the footnotes of the tables. 

)RRG�6DIHW\²7DEOHV�� 

Table D5.1. Recommended procedures for hand sanitation. 

When washing hands with soap and water: 
x Wet your hands with clean, running water (warm or cold), turn off the tap, and apply soap.1 

x Lather your hands by rubbing them together with the soap. Be sure to lather the backs of your hands,
between your fingers, and under your nails.2 

x Scrub your hands for at least 20 seconds. NeeG�D�WLPHU"�+XP�WKH�³+DSS\�%LUWKGD\´�VRQJ�IURP�EHJLQQLQJ� 
to end twice.3 

x Rinse your hands well under clean, running water. 
x Dry your hands using a clean towel or air dry them.4 

If soap and clean, running water are not available, use an alcohol-based hand sanitizer that contains at least 
60% alcohol5. Hand sanitizers are not as effective when hands are visibly dirty or greasy.6 How do you use 
hand sanitizer:7 

x Apply the product to the palm of one hand (read the label to learn the correct amount). 
x Rub your hands together. 
x Rub the product over all surfaces of your hands and fingers until your hands are dry. 

Updates to the 2010 DGAC table
1 :DWHU�WHPSHUDWXUH�³ZDUP�RU�FROG´�DQG�D�FRQVHUYDWLRQ�UHFRPPHQGDWLRQ�RI�µWXUQ�RII�WKH�WDS¶�ZHUH�DGGHG� 
2 7KH�VRDS�LV�WR�EH�KHOS�ZKLOH�ODWKHULQJ�RQH¶V�KDQGV��WKHQ�UXE�DOO�WRJHWKHU��³6FUXE�DOO�VXUIDFHV´�ZDV�FODULILHG�WR�³WKH�EDFNV�Rf 
KDQGV��EHWZHHQ�ILQJHUV��DQG�XQGHU�QDLOV�´ 

3 ³$W�OHDVW´�ZDV�DGGHG�WR�WKH����VHFRQGV�WLPH�IUDPH��7R�JLYH�D�WLPH�UHIHUHQFH��WKH�VXJJHVWLRQ�WR´�KXP�WKH�+DSS\�%LUWKGD\�VRQJ«´ was 
added. 

4 7KH�ZRUG�µSDSHU¶�ZDV�UHPRYHG�DV�D�PRGLILHU�IRU�WRZHO��DQG�LQVWHDG�LW�ZDV�VSHFLILHG�WR�EH�D�µFOHDQ¶�WRZHO��7KH�RSWLRQ WR�µDLU�GU\�WKHP¶�
was added and the option of using an air dryer was removed from the phrase. Also removed was the direction to use your paper towel 
to turn off the faucet. 

5 7KH�ZRUGV�µFOHDQ¶�DQG�µUXQQLQJ¶�ZHUH�LQVHUWHG�LQ�WKH�GLUHFWLRQV�IRU�ZKHQ�ZDWHU�LV�QRW�DYDLODEOH��µ+DQG�VDQLWL]HU�WKDW�FRQWDLQV�DW�OHDVW�
����DOFRKRO¶�UHSODFHV�µJHO¶��

6 This guidance was added. 
7 7KH�IROORZLQJ�VWHS�ZDV�DGGHG��³5HDG�WKH�ODEHO�WR�OHDUQ�WKH�FRUUHFW�DPRXQW�´� 

Source: Adapted from http://www.cdc.gov/handwashing/when-how-handwashing.html. Accessed June 2, 2014.30 
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Table D5.2. Recommended techniques for washing produce. 

When preparing any fresh produce, begin with clean hands. Wash your hands for at least 20 seconds with soap and
warm water before and after preparation. 

Cut away any damaged or bruised areas on fresh fruits and vegetables before preparing and/or eating. Produce 
that looks rotten should be discarded. 
Wash all produce thoroughly under running water before eating, cutting or cooking. This includes produce grown 
conventionally or organically at home, or purchased from a grocery store or farmer's market. Washing fruits and 
vegetables with soap or detergent or using commercial produce washes is not recommended. 

Even if you plan to peel the produce before eating, it is still important to wash it first so dirt and bacteria are not 
transferred from the peel via the knife to the fruit or vegetable.1 

Scrub firm produce, such as melons and cucumbers, with a clean produce brush. 

Dry produce with a clean cloth towel or paper towel to further reduce bacteria that may be present. 

Many pre-cut, bagged, or packaged produce items like lettuce are pre-washed and ready-to-eat. If so, it will be 
stated on the package and you can use the product without further washing. 
If you do choose to wash a product PDUNHG�³SUH-ZDVKHG´�DQG�³UHDGy-to-HDW�´ be sure to use safe handling practices 
to avoid any cross-contamination (see Table D5.3). 

Updates to the 2010 DGAC table
1 7KH�IROORZLQJ�H[SODQDWLRQ�ZDV�SURYLGHG���³������VR�GLUW�DQG�EDFWHULD�DUHQ¶W�WUDQVIHUUHG�IURP�WKH�NQLIH�RQWR�IUXLW�RU�YHJHWDEOH�´ 

Source: Adapted from http://www.fda.gov/downloads/Food/ResourcesForYou/Consumers/UCM174142.pdf. Accessed June 2, 201431 
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Table D5.3. Recommended techniques for preventing cross-contamination. 

When Shopping: 
Separate raw meat, poultry, and seafood from other foods in your grocery-shopping cart. Place these foods in
plastic bags to prevent their juices from dripping onto other foods. It is also best to separate these foods from other 
foods at check out and in your grocery bags. 

When Refrigerating Food1: 
Place raw meat, poultry, and seafood in containers or sealed plastic bags to prevent their juices from dripping onto 
other foods. Raw juices often contain harmful bacteria. 
Store eggs in their original carton and refrigerate as soon as possible. 
When Preparing Food: 
Washing raw poultry, beef, pork, lamb, or veal before cooking it is not recommended. Bacteria in raw meat and
poultry juices can be spread to other foods, utensils, and surfaces. 
Wash hands and surfaces often. Harmful bacteria can spread throughout the kitchen and get onto cutting boards,
utensils, and countertops. To prevent this: 
x Wash hands with soap and warm water for 20 seconds before and after handling food, and after using

the bathroom, changing diapers; or handling pets. 
x Use hot, soapy water and paper towels or clean cloths to wipe up kitchen surfaces or spills. Wash cloths 

often in the hot cycle of your washing machine. 
x Wash cutting boards, dishes, and counter tops with hot, soapy water after preparing each food item and 

before you go on to the next item. 

x A solution of 1 tablespoon of unscented, liquid chlorine bleach per gallon of water may be used to 
sanitize surfaces and utensils. 

Cutting Boards: 
Always use a clean cutting board. 
If possible, use one cutting board for fresh produce and a separate one for raw meat, poultry, and seafood. 
Once cutting boards become excessively worn or develop hard-to-clean grooves, they should be replaced. 
Marinating Food: 
Always marinate food in the refrigerator, not on the counter. 
Sauce that is used to marinate raw meat, poultry, or seafood should not be used on cooked foods, unless it is boiled
just before using. 
When Serving Food: 
Always use a clean plate. 
Never place cooked food back on the same plate or cutting board that previously held raw food. 

Updates to the 2010 DGAC table
17KLV�VHQWHQFH�ZDV�GHOHWHG��³:KHQ�QRW�SRVVLEOH��VWRUH�UDZ�animal foods below ready-to-eat foods and separate different types of raw
animal foods, such as meat, poultry, and seafood from each other so that they do not cross-FRQWDPLQDWH�HDFK�RWKHU�´ 
Source: Adapted from http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact­
sheets/safe-food-handling/washing-food-does-it-promote-food-safety/washing-food and
http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/safe-food-handling/be­
smart-keep-foods-apart/ct_index  Accessed June 3, 2014.32 
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Table D5.4. Recommended safe minimum internal temperatures. 
Cook to the minimum internal temperatures below, as measured with a clean food thermometer before removing
meat from the heat source. For safety and quality, allow meat to rest for at least three minutes before carving or 
consuming. For reasons of personal preference, consumers may choose to cook meat to higher temperatures.1�Đ� 

Food Degrees Fahrenheit 
Ground Meat and Meat 
Beef, Pork, Veal, Lamb 160 
Turkey, Chicken 165 
Fresh Beef, Pork, Veal, Lamba,2 

Steaks, roasts, chopsa 145 
Poultrya 

Chicken and Turkey, whole 165 
Poultry breasts, roasts 165 
Poultry thighs, wings 165 
Duck and Goose 165 
Stuffing (cooked alone or in bird) 165 
Fresh Porka 160 
Hama 

Fresh (raw)3 145 
Pre-cooked (to reheat) 140 
Eggs and Egg Dishesa 

Eggs Cook until yolk and white are firm. 
Egg dishes 160 
Fresh Seafood b 

Finfish 145 
Cook fish until it is opaque (milky white) and flakes with a fork. 

Shellfish Cook shrimp, lobster, and scallops until they reach their appropriate color. The 
flesh of shrimp and lobster should be an opaque (milky white) color. Scallops 
should be opaque (milky white) and firm. 
Cook clams, mussels, and oysters until their shells open. This means that they
are done. Throw away the ones that didn't open. 

Shucked clams and shucked oysters are fully cooked when they are opaque
(milky white) and firm4. 

Leftovers and Casserolesa 165 

Updates to the 2010 DGAC table 
1  An introductory paragraph was added on the topic of allowing for a three-minute rest period after cooking meat. 
2  Pork was added to the list of fresh meats.  
3 Fresh (raw) ham was added to the table. 
 
 
4 Information on cooking status of shucked clams and oysters was added.
 
 


Sources: 
a http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/safe-food-handling/kitchen­

companion-your-safe-food- handbook/ct_index. Accessed June 3, 2014.32 

b http://www.fda.gov/Food/ResourcesForYou/HealthEducators/ucm082294.htm. Accessed June 3, 2014.31

 c http://www.fsis.usda.gov/wps/wcm/connect/8e9f95a6-fd35-42d3-b6cb­
b07a4b853992/Leftovers_and_Food_Safety.pdf?MOD=AJPERES. Accessed June 3, 2014.32 
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Table D5.5 Recommended techniques for food thermometers. 

To be safe, meat, poultry, and egga and seafoodb products must be cooked to a safe minimum internal temperature to
destroy any harmful microorganisms that may be in the food. 
A food thermometer should also be used to ensure that cooked food is held at safe temperatures until served. Cold 
foods should be held at 40°F or below. Hot foods should be kept hot at 140°F or above.a 

Most available food thermometers will give an accurate reading within 2 to 4°F. The reading will only be 
correct, however, if the thermometer is placed in the proper location in the food. a 

In general, the food thermometer should be placed in the thickest part of the food, away from bone, fat, or gristle.a 

When the food being cooked is irregularly shaped, such as with a beef roast, check the temperature in several 
places. Egg dishes and dishes containing ground meat and poultry should be checked in several places.a 

When measuring the temperature of a thin food, such as a hamburger patty, pork chop, or chicken breast, a 
thermistor or thermocouple food thermometer should be used, if possible. a 

However, if using an "instant-read" dial bimetallic-coil food thermometer, the probe must be inserted in the side of
the food so the entire sensing area (usually 2 to 3 inches) is positioned through the center of the food.a 

To avoid burning fingers, it may be helpful to remove the food from the heat source (if cooking on a grill or in a 
frying pan) and insert the food thermometer sideways after placing the item on a clean spatula or plate.a 

Food thermometers should be washed with hot soapy water. Most thermometers should not be immersed in
water.a 

Sources: a  http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/appliances-and­
thermometers/kitchen-thermometers/ct_index., Accessed June 3, 2014.32 
b http://www.fda.gov/Food/ResourcesForYou/HealthEducators/ucm082294.htm , Accessed June 3, 2014.31 

Table D5.6 Recommended techniques for using refrigerator/freezer thermometers. 

For safety, it is important to verify the temperature of refrigerators and freezers. 
Refrigerators should maintain a temperature no higher than 40°F. 
Frozen food will hold its top quality for the longest possible time when the freezer maintains 0°F or below. 
To measure the temperature in the refrigerator: 
Put the thermometer in a glass of water and place in the middle of the refrigerator. Wait 5 to 8 hours. If the 
temperature is not 38 to 40°F, adjust the refrigerator temperature control. Check again after 5 to 8 hours. 
To measure the temperature in the freezer: 
Place the thermometer between frozen food packages. Wait 5 to 8 hours. If the temperature is not 0 to 2°F, adjust
the freezer temperature control. Check again after 5 to 8 hours. An appliance thermometer can be kept in the 
refrigerator and freezer to monitor the temperature at all times. This can be critical in the event of a power outage.
When the power goes back on, if the refrigerator is still 40°F and the freezer is 0°F or below, the food is safe1. 

Updates to the 2010 DGAC table
1 When UHIHUULQJ�WR�WKH�FRUUHFW�IUHH]HU�WHPSHUDWXUH��µRU�EHORZ¶�ZDV�DGGHG�DIWHU�µ]HUR�GHJUHHV�)DKUHQKHLW�¶ 

Source: http://www.fsis.usda.gov/wps/portal/fsis/topics/food-safety-education/get-answers/food-safety-fact-sheets/appliances-and­
thermometers/appliance-thermometers/appliance-thermometers., Accessed June 3, 2014.32 

� 
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Access to sufficient, nutritious, and safe food is an
essential element of food security for the U.S. 
population. A sustainable diet is one that assures this 
access for both the current population and future 
generations. This chapter focused on evaluating the 
evidence around sustainable diets and several topic 
areas of food safety. 

The major findings regarding sustainable diets were
that a diet higher in plant-based foods, such as 
vegetables, fruits, whole grains, legumes, nuts, and 
seeds, and lower in calories and animal-based foods is 
more health promoting (as discussed in Part B. 
Chapter 2: 2015 DGAC Themes and 
Recommendations: Integrating the Evidence) and is 
associated with less environmental impact than is the 
current U.S. diet. This pattern of eating can be achieved 
through a variety of dietary patterns, including the 
³+HDOWK\�8�6�-VW\OH�3DWWHUQ�´�WKH�³+HDOWK\�
Mediterranean-VW\OH�3DWWHUQ�´�DQG�WKH�³+HDOWK\� 
9HJHWDULDQ�3DWWHUQ´��VHH�Part D. Chapter 1: Food and 
Nutrient Intakes, and Health: Current Status and 
Trends for a description of these patterns). All of these
dietary patterns are aligned with lower predicted 
environmental impacts and provide food options that 
can be adopted by the U.S. population. Current 
evidence shows that the average U.S. diet has a 
potentially larger environmental impact in terms of 
increased GHG emissions, land use, water use, and 
energy use, compared to the above dietary patterns. 
This is because the current U.S. population intake of 
animal-based foods is higher and the plant-based foods 
are lower, than proposed in these three dietary patterns.
Of note is that no food groups need to be eliminated 
completely to improve food sustainability outcomes. 

A moderate amount of seafood is an important 
component of two of three of these dietary patterns, and 
has demonstrated health benefits. The seafood industry
is in the midst of rapid expansion to meet worldwide 
demand, although capture fishery production has 
leveled off while aquaculture is expanding. The 
collapse of some fisheries due to overfishing in the past 
decades has raised concern about the ability to produce
a safe and affordable supply. In addition, concern has 
been raised about the safety and nutrient content of
farm-raised versus wild-caught seafood. To supply
enough seafood to support meeting dietary 

recommendations, both farm-raised and wild caught 
seafood will be needed. The review of the evidence 
demonstrated, in the species evaluated, that farm-raised 
seafood has as much or more EPA and DHA per 
serving than wild caught. Low-trophic seafood, such as
catfish and crawfish, regardless of whether wild caught
or farm-raised seafood, have less than half the EPA and 
DHA per serving than high-trophic seafood, such as
salmon and trout. 

Regarding contaminants, for the majority of wild 
caught and farmed species, neither the risks of mercury
nor organic pollutants outweigh the health benefits of
seafood consumption. Consistent evidence 
demonstrated that wild caught fisheries that have been
managed sustainably have remained stable over the 
past several decades; however, wild caught fisheries are 
fully exploited and their continuing productivity will
require careful management nationally and 
internationally to avoid long-term collapse. Expanded 
supply of seafood nationally and internationally will be
dependent upon the increase of farm-raised seafood 
worldwide.  

The impact of food production, processing, and 
consumption on environmental sustainability is an area
of research that is rapidly evolving. As further research 
is conducted and best practices evaluated, additional 
evidence will inform both supply-side participants and 
consumers on how best to shift behaviors locally, 
nationally, and globally to support sustainable diets. 
Linking health, dietary guidance and the environment 
will promote human health and the sustainability of 
natural resources and ensure current and long-term
food security. 

In regards to food safety, updated and previously
unexamined areas of food safety were studied. No 
previous DGACs have reported on coffee/caffeine 
consumption and health. Currently, strong evidence 
shows that consumption of coffee within the moderate 
range (3 to 5 cups per day or up to 400 mg/d caffeine) 
is not associated with increased long-term health risks 
among healthy individuals. In fact, consistent evidence 
indicates that coffee consumption is associated with
reduced risk of type 2 diabetes and cardiovascular 
disease in healthy adults. Moreover, moderate evidence
shows a protective association between coffee/caffeine
intake and risk of PaUNLQVRQ¶V�GLVHDVH��7KHUHIRUH��
moderate coffee consumption can be incorporated into
a healthy dietary pattern, along with other healthful 
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behaviors. To meet the growing demand of coffee,
there is a need to consider sustainability issues of
coffee production in economic and environmental
terms. However, it should be noted that coffee as it is 
normally consumed can contain added calories from
cream, milk, and added sugars. Care should be taken to
minimize the amount of calories from added sugars and 
high-fat dairy or dairy substitutes added to coffee. 

The marketing and availability of high-caffeine 
beverages and products is on the rise. Unfortunately, 
only limited evidence is currently available to ascertain
the safety of high caffeine intake (greater than 400 
mg/day for adults and undetermined for children and 
adolescents), that may occur with rapid consumption of
large-sized energy drinks. The limited data suggest 
adverse health outcomes, such as caffeine toxicity and
cardiovascular events. Concern is heightened when 
caffeine is combined with alcoholic beverages. Limited
or no consumption of high caffeine drinks, or other 
products with high amounts of caffeine, is advised for 
children and adolescents. Energy drinks with high 
levels of caffeine and alcoholic beverages should not be
consumed together, either mixed together or consumed 
at the same sitting. 

The DGAC also examined the food additive aspartame.
At the level that the U.S. population consumes 
aspartame, it appears to be safe. However, some 
uncertainty continues about increased risk of 
hematopoietic cancers in men, indicating a need for 
more research. 

Individual behaviors along with sound government 
policies and responsible private sector practices are all
needed to reduce foodborne illnesses. To that end, the 
DGAC updated the established recommendations for 
handling foods at home. 

1(('6�)25�)8785(�5(6($5&+� 

'LHWDU\�3DWWHUQV�DQG�6XVWDLQDELOLW\� 

1.		 Conduct research to determine whether sustainable 
diets are affordable and accessible to all sectors of 
the population and how this can be improved, 
including how policy strategies could influence the 
supply chain (all steps from farm to plate) to affect
this improvement. 

Rationale:  Ensuring that sustainable diets are
accessible and affordable to all sectors of the 
population is important to promote food security. 

2.		 Develop, conduct, and evaluate in-depth analyses 
of U.S. domestic dietary patterns and determine the 
degree to which sustainability practices,
domestically and internationally, are important to 
food choice and how to increase public awareness 
of the impact of food choices on environmental
outcomes. 

Rationale: Understanding consumer choice across
demographic groups and the degree to which either 
health and/or sustainability is a significant 
decisional criterion as well as the degree to which 
choice theory can be used to improve choices will 
be important to helping drive change. 

3.		 Develop a robust understanding of how production 
practices, supply chain decisions, consumer 
behaviors, and waste disposal affect the 
environmental sustainability of various practices 
across the USDA food components of MyPlate. 

Rationale:  Developing sustainable production and
supply chain practices for all parts of MyPlate, 
especially meat and dairy products will be 
important to reduce their environmental impact. 

4.		 Determine the potential economic benefits and
challenges to supply chain stakeholders in 
relationship to findings in Research 
Recommendation 3. 

Rationale: Experience demonstrates that many
practices over the past few decades that improve 
the environmental footprint of, for example, 
production practices, also have led to improved 
profit (e.g., Integrated Pest Management to reduce 
pesticide use in many fruit and vegetables). It is 
important to know how changes will affect profit to 
help enable future policy in both the private and
public spheres. 

6HDIRRG�6XVWDLQDELOLW\� 

5.		 Conduct research on methods to ensure the 
maintenance of nutrient profiles of high-trophic 
level farmed seafood and improve nutrient profiles 
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of low-trophic farmed seafood concurrently with
research to improve production efficacy. 

Rationale: The evidence supporting healthfulness 
of seafood consumption is based on consumption 
of predominantly wild caught species. Many
popular low-trophic level farmed seafood have 
nutrient profiles that depend on feeds. Efficient 
production of seafood with nutrient profiles that are 
known to be healthful should be emphasized. 

6.		 Conduct research to develop methods to ensure 
contaminant levels in all seafood remain at levels 
similar to or lower than at present. Maintain 
monitoring of contaminant levels for capture
fisheries to ensure that levels caused by pollution 
do not rise appreciably. This research should 
include developing effective rapid response 
approaches if the quality of seafood supply is
acutely affected. 

Rationale: Current research findings support the 
contention that contaminant levels are generally
well below those that significantly alter the 
healthfulness of seafood. As industry naturally
improves efficiency, feeds and environmental 
conditions should be monitored to maintain or 
reduce priority contaminants and insure significant 
new contaminants do not enter the seafood supply. 

8VXDO�&DIIHLQH�&RIIHH�,QWDNH� 

7.		 Evaluate the effects of coffee on health outcomes 
in vulnerable populations, such as women who are 
pregnant (premature birth, low birth weight, 
spontaneous abortion). 

Rationale: Given the limited evidence of the 
effects of coffee/caffeine consumption on
pregnancy outcomes, future studies need to 
establish safe levels of coffee/caffeine consumption
during pregnancy. 

8.		 Examine the effects of coffee on sleep patterns, 
quality of life, and dependency and addiction. 

Rationale: Because coffee is a known stimulant, 
future research should examine the effect of 
coffee/caffeine on sleep quality, dependency, 
addiction, and overall quality of life measures. 

9.		 Evaluate the prospective association between 
coffee/caffeine consumption and cancer at different 
sites.  

Rationale: Large well-conducted prospective 
cohort studies that adequately control for smoking
(status and dosage) and other potential confounders 
are needed to understand the association of coffee 
(caffeinated and decaffeinated) with cancer at
different sites. 

10. Examine prospectively the effects of
coffee/caffeine on cognitive decline, 
neurodegenerative diseases, and depression.  

Rationale: Neurodegenerative diseases affect 
millions of people worldwide and more than five 
PLOOLRQ�$PHULFDQV�DUH�OLYLQJ�ZLWK�$O]KHLPHU¶V�
disease. Given the limited evidence of 
coffee/caffeine on neurodegenerative diseases, 
well-designed prospective studies should examine 
the association of coffee/caffeine consumption on 
FRJQLWLYH�GHFOLQH��GHSUHVVLRQ��DQG�$O]KHLPHU¶V�
disease. 

11. Understand the mechanisms underlying the 
protective effects of coffee on diabetes and CVD. 

Rationale: Evidence for a biological plausibility
for coffee on risk of type 2 diabetes and CVD
stems primarily from animal studies. Randomized 
controlled trials in humans should evaluate the 
effect of coffee/caffeine on measures of glycemia, 
insulin sensitivity, endothelial dysfunction, and 
inflammation.  

12. Understand the association between coffee and 
health outcomes in individuals with existing CVD, 
diabetes, cancer, neurodegenerative diseases, or 
depressive symptoms. 

Rationale: Strong evidence supports a protective 
effect of moderate coffee consumption on chronic 
disease risk in healthy adults, but its association 
among those with existing diseases has been less 
studied. Given that a substantial number of people 
suffer from these chronic diseases, the role of 
coffee in preventing other health outcomes in such 
groups remains understudied. 
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+LJK�GRVH�&DIIHLQH�,QWDNH� 

13. Define excessive caffeine intake and safe levels of 
consumption for children, adolescents, and young
adults. 

Rationale: Current research on caffeine and health 
outcomes has focused primarily on adults. Given 
the increasing prevalence of energy drink
consumption among children, adolescents, and 
young adults, research is needed to identify safe 
levels of consumption in these groups. 

14. Determine the prevalence of excessive caffeine 
intake in children and adults beyond intake of 
energy drinks. 

Rationale: Data on the sources (other than energy
drinks) and doses of caffeine intake in children and 
adults are limited. Identifying the sources and safe 
levels of consumption will help in formulating
policy and framing recommendations. 

15. Examine the effect of excessive consumption of
caffeine and energy drinks on health outcomes in 
both children and adults. 

Rationale: Prospective studies of associations of
excessive caffeine and energy drink intake with 
health outcomes in children and adults are 
necessary, as randomized controlled trials are not 
be feasible given ethical constraints. 

16. Conduct observational studies to examine the 
health effects of alcohol mixed with energy drinks. 

Rationale: In recent years, consumption of alcohol 
energy drinks by adolescents has resulted in 
emergency room admissions and deaths. No data
exist on the prospective association between 
consumption of alcohol energy drinks and health 
outcomes in both adolescents and adults. 

$VSDUWDPH� 

17. Examine the risks of aspartame related to some 
cancers, especially hematopoietic ones, and 
pregnancy outcomes.  

Rationale: Limited and inconsistent evidence 
suggests a possible association between aspartame 

and risk of hematopoietic cancers (non-Hodgkin 
lymphoma and multiple myeloma) in men, 
indicating the need for long-term human studies. 
Additionally, limited and inconsistent evidence 
indicates a potential for risk of preterm delivery, 
which warrants further research. 
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3DUW�'��&KDSWHU����&URVV�&XWWLQJ�7RSLFV�RI� 
3XEOLF�+HDOWK�,PSRUWDQFH� 
,1752'8&7,21� 

The Dietary Guidelines for Americans, 2010 included 
guidance on sodium, saturated fat, and added sugars, 
and the 2015 DGAC determined that a reexamination 
of the evidence on these topics was necessary to 
evaluate whether revisions to the guidance were 
warranted. These topics were considered to be of public 
health importance because each has been associated 
with negative health outcomes when over-consumed. 
As the Committee considered it essential to address 
these topics across two or more Subcommittees, 
Working Groups were formed with representatives 
from the relevant Subcommittees to ensure that the 
topics were thoroughly addressed in a coordinated way.
Additionally, the Committee acknowledged that a 
potential unintended consequence of a recommendation 
on added sugars might be that consumers and 
manufacturers replace added sugars with low-calorie 
sweeteners. As a result, the Committee also examined 
evidence on low-calorie sweeteners to inform 
statements on this topic. The updated findings in this 
chapter will help inform recommendations on these 
topics for the 2015 Dietary Guidelines for Americans. 

Although sodium, saturated fat, and added sugars are 
receiving particular focus here, it is important to 
consider these aspects of the diet in the context of a 
healthy dietary pattern. A healthy dietary pattern has 
little room for sodium, saturated fat, and added sugars.
That said, these components of the diet are modifiable,
and strategies at various levels of the socio-ecologic 
model, ranging from policy to consumer education, can 
promote shifts in intake to support healthy dietary
patterns. 

The sodium, saturated fat, and added sugars sections of
this chapter provide introductory text related to the 
topic including the rationale and approach for the
&RPPLWWHH¶V�UHYLHZ��Because the questions within each 
topic are so complementary, the DGAC choose to 
develop only one implications section for each topic. 

/,67�2)�48(67,216� 

6RGLXP� 

1.		 What is the relationship between sodium intake and 
blood pressure in adults? 

2.		 What is the relationship between sodium intake and 
blood pressure in children?  

3.		 What is the relationship between sodium intake and 
cardiovascular disease outcomes? 

4.		 What effect does the interrelationship of sodium
and potassium have on blood pressure and 
cardiovascular disease outcomes? 

6DWXUDWHG�)DW� 

5.		 What is the relationship between intake of saturated
fat and risk of cardiovascular disease? 

$GGHG�6XJDUV�DQG�/RZ�&DORULH�6ZHHWHQHUV� 

6.		 What is the relationship between the intake of
added sugars and cardiovascular disease, body
weight/obesity, type 2 diabetes, and dental caries? 

7.		 What is the relationship between the intake of low-
calorie sweeteners and body weight/obesity and 
type 2 diabetes? 

0(7+2'2/2*<� 

To answer the questions in this chapter, the Committee
relied on existing reports, original Nutrition Evidence 
Library (NEL) systematic reviews, and NEL updates. 
The Committee followed the methods described in Part 
C. Methodology without modification to answer these 
questions. Because the DGAC knew strong existing
reports, systematic reviews (SRs), and meta-analyses 
(MA) were available related to most of the cross­
cutting questions, to prevent duplication of efforts, the 
DGAC relied on these reviews in lieu of conducting
original NEL systematic reviews. In some cases, 
existing reviews, SRs, or MA were not available or
required updating. In these cases, NEL systematic
reviews or updates were conducted. Complete 
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information on the NEL reviews and updates is 
provided at www.NEL.gov. The reader also is directed
to the original existing reports, which are referenced 
throughout the chapter, for additional information. 

Four questions addressed dietary sodium intake. For 
Question 1, the Committee used the 2013 National 
Heart, Lung, and Blood Institute (NHLBI) Lifestyle 
Interventions to Reduce Cardiovascular Risk: 
Systematic Evidence Review from the Lifestyle Work
Group1 and the associated American Heart Association 
(AHA)/ American College of Cardiology (ACC)
Guideline on Lifestyle Management to Reduce 
Cardiovascular Risk.2 Although new studies examining
the relationship between sodium and blood pressure 
have been published since the completion of the 
NHLBI review, including findings from the 
Prospective Urban Rural Epidemiology (PURE) study,3 

the Committee determined the evidence presented in 
the SR conducted by NHLBI, linking sodium and blood 
pressure, was strong and that consideration of more 
recent findings would not change the conclusions. 
Thus, the Committee did not update the review. For 
Question 2, the Committee updated the NEL systematic 
review on sodium and blood pressure in children 
conducted by the 2010 DGAC. The data reviewed for 
this question by the 2010 DGAC included children, 
birth to age 18, and the 2015 DGAC updated the
sodium review using the same age range. For Question
3, the Committee relied on the NHLBI systematic 
review from the Lifestyle Work Group1 as well as the 
2013 Institute of Medicine (IOM) report, Sodium 
Intake in Populations.4 Additionally, because the 
quality and quantity of the evidence on sodium and 
cardiovascular disease (CVD) that was used in the two
reports is limited, the Committee updated the sodium
and CVD review using a NEL systematic review 
update from January 2013 to July 2014. The final 
question in the sodium section, Question 4, also was 
answered using the recent NHLBI systematic review 
from the Lifestyle Work Group.1 The Committee also 
used the 2010 IOM Report on Strategies to Reduce 
Sodium Intake in the United States to inform the 
implications statements for these questions.5 

Regarding saturated fat, Question 5 was answered 
using the NHLBI systematic review1 and related 
AHA/ACC Guideline on Lifestyle Management to 
Reduce Cardiovascular Risk,2 which focused on 
randomized controlled trials (RCTs), as well as existing
SRs and MA  addressing this question published in 

peer-reviewed literature between January 2009 and 
August 2014. Particular emphasis was placed on
reviews that examined the macronutrient replacement 
for saturated fat. 

The remaining questions in this chapter examined 
added sugars and low-calorie sweeteners. For Question
6, the DGAC relied on systematic reviews 
commissioned by the World Health Organization 
(WHO) to address body weight6 and dental caries.7 

Additionally, to capture new research, the Committee 
searched for SRs and MA published since January
2012, the completion of the WHO reviews. Type 2 
diabetes was not addressed by the WHO, and therefore,
the Committee relied on existing SRs/MA published 
since January 2010 to address this health outcome. No 
existing SRs/MA examine added sugars and CVD, so 
the Committee conducted an original NEL systematic 
review to address this question (see 
http://NEL.gov/topic.cfm?cat=3376 for complete 
information on this review). Question 7 on low-calorie
sweeteners was answered using existing SRs/MA 
published from January 2010 to August 2014. For low-
calorie sweeteners, the Committee was initially
interested in the health outcomes of body weight, type 
2 diabetes, CVD, and dental caries. However, existing
reviews were available only for body weight and type 2 
diabetes. The Committee did not conduct an original
NEL systematic review on CVD or dental caries 
because of limited time and resources, and because the 
Committee did not think sufficient evidence was 
available to address these health outcomes. 

62',80� 

,QWURGXFWLRQ� 

From its first edition in 1980, the Dietary Guidelines 
for Americans consistently recommended the public 
reduce dietary sodium intakes in order to prevent and 
treat hypertension, CVD, and stroke. This
recommendation is based on evidence supporting a 
dose-dependent relationship between sodium intake 
and blood pressure and observational data identifying
associations between sodium intake and blood pressure
and cardiovascular outcomes. However, despite many
years of accumulating evidence and public health 
guidelines focused on changing individual behavior to
achieve a reduced sodium intake among Americans, 
consumption continues to far exceed recommendations. 
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The DGAC has identified dietary sodium as a nutrient 
of public health concern because of overconsumption, 
with usual intakes for those ages 2 years and older at 
3463 milligrams per day.8 Sodium is ubiquitous in the
current U.S. food supply and multiple food categories 
contribute to excessive sodium intake (see Part D. 
Chapter 1: Food and Nutrient Intakes, and Health: 
Current Status and Trends, Figure D1.35). 

Currently, 30 percent of U.S. adults have high blood 
pressure (see Part D. Chapter 1: Food and Nutrient 
Intakes, and Health: Current Status and Trends).
Furthermore, the estimated lifetime risk of developing
hypertension in the U.S. is 90%. The rate of borderline
high blood pressure (defined as a systolic or diastolic
EORRG�SUHVVXUH����th percentile but <95th percentile or 
EORRG�SUHVVXUH�OHYHOV���������PP�+J� in youth ages 8
to 17 years is highest in those who are obese (16.2 
percent), slightly lower in those who are overweight 
(11 percent); and this condition is present even in those
who are normal weight (5 percent). Dietary sodium
reduction can effectively prevent and reduce high blood 
pressure.9-11 Given the long-standing awareness of this 
health concern and scientific foundation for dietary
treatment, the DGAC conducted a focused review of 
dietary sodium and its relationship with blood pressure
as well as its relationship with CVD. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
VRGLXP�LQWDNH�DQG�EORRG�SUHVVXUH�LQ�DGXOWV"� 

Source of evidence: Existing reports 

&RQFOXVLRQV� 

The DGAC concurs with the three conclusions from 
the 2013 AHA/ACC Lifestyle Guideline that apply to
adults who would benefit from blood pressure 
lowering. 

The DGAC concurs that adults who would benefit from 
blood pressure lowering should ³lower sodium intake.´ 
AHA/ACC Grade: Strong; DGAC Grade: Strong 

The DGAC concurs that adults who would benefit from 
blood pressure lowering should ³&RQVXPH�QR�PRUH�
than 2400 milligrams of sodium per day.´�7KH�UHSRUW� 
DOVR�LQGLFDWHV�WKDW�³)XUWKHU�reduction of sodium intake 
to 1500 milligrams per day can result in even greater 
reduction in blood pressure´��DQG�FRQFOXGHV�WKDW�³(YHQ�
without achieving these goals, reducing sodium intake 

by at least 1000 milligrams per day lowers blood 
pressure�´ AHA/ACC Grade: Moderate; DGAC 
Grade: Moderate 

The DGAC concurs that adults who would benefit from 
blood pressure lowering should ³&RPELQH�WKH�'$6+� 
GLHWDU\�SDWWHUQ�ZLWK�ORZHU�VRGLXP�LQWDNH�´ AHA/ACC 
Grade: Strong; DGAC Grade: Strong 

5HYLHZ�RI�WKH�(YLGHQFH� 

The 2013 AHA/ACC Lifestyle Guideline and 
associated NHLBI Lifestyle Report summarized strong
and consistent evidence that supports dietary sodium
reduction as a means to prevent and treat high blood
pressure. The studies used to inform the conclusion to
lower sodium intake were conducted in older and 
younger adults, individuals with prehypertension and 
hypertension, men and women, and African American
and non-African American adults. The trials also 
documented positive effects of sodium reduction that 
were independent of weight change; and include 
behavioral interventions where individuals were 
counseled to reduce sodium, as well as feeding studies. 

The recommendation to combine the DASH dietary
pattern with lower sodium is based heavily on the
results of the DASH sodium trial, which showed 
clinically significant lowering of blood pressure with 
sodium intake of 2400 milligrams per day and even 
lower blood pressure with sodium intake of 1500 
milligrams per day. The goal of 2400 or less milligrams 
per day was selected because it is the estimated average 
urinary sodium excretion in the DASH sodium trial. 

The recommendation to reduce sodium intake by 1000 
milligrams per day even if goals for 2400 milligrams 
per day or 1500 milligrams per day cannot be reached 
comes from studies where this level of sodium 
reduction was beneficial for blood pressure lowering. 

The differences in the evidence grade for the three
conclusions related to sodium and blood pressure in 
adults results from the differences in the number and 
power of clinical trials supporting each 
UHFRPPHQGDWLRQ��)RU�H[DPSOH��D�JUDGH�RI�³PRGHUDWH´�
was assigned to the second conclusion because fewer 
clinical trials informed the goals of 2400 and 1500 
milligrams per day than for the overall goal of sodium
reduction. 

2015 Dietary Guidelines Advisory Committee Report 333 



 
 

 

 
 

  

 
 

 

 
  

 

  

 

 

 

  

 
 

 

 

  

 

 

  
 

 

 

  

   

 
   

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

For additional details on this body of evidence, visit:
References 1, 2, 4 and 9 and Appendix E-2.42 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
VRGLXP�LQWDNH�DQG�EORRG�SUHVVXUH�LQ�FKLOGUHQ"� 

Source of evidence: Existing systematic review 
with a NEL systematic review update 

&RQFOXVLRQV� 

7KH������'*$&�FRQFXUV�ZLWK�WKH������'*$&�WKDW�³D
moderate body of evidence has documented that as 
sodium intake decreases, so does blood pressure in 
children, birth to age 18 years.´ DGAC Grade: 
Moderate  

5HYLHZ�RI�WKH�(YLGHQFH� 

The 2010 DGAC conducted a systematic review to 
examine the relationship between sodium intake and 
blood pressure in children from birth to age 18 years, 
examining studies published from January 1970 to May
2009. That systematic review included 19 articles from
15 intervention studies and four prospective cohort 
studies. 

The 2015 DGAC updated this systematic review and 
identified two additional articles published since May
2009, including one RCT and one prospective cohort
study.12, 13 

The 2015 DGAC considered the evidence reviewed by
the 2010 DGAC related to dietary sodium intake and
blood pressure in children, and determined that, based 
on the two new studies identified in the updated search,
changes were not warranted to the conclusion statement 
or grade. In aggregate, the data reviewed by the 2010 
DGAC indicated that sodium reduction modestly
lowers BP in infants and children. Neither of the two 
studies identified in the update found a relationship 
between dietary sodium intake and blood pressure in 
healthy, normotensive children. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250452  

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
VRGLXP�LQWDNH�DQG�FDUGLRYDVFXODU�GLVHDVH� 
RXWFRPHV"� 

Source of evidence: Existing report with a NEL 
systematic review update 

&RQFOXVLRQV� 

The DGAC concurs with the IOM Report: Sodium 
Intake in Populations��ZKLFK�FRQFOXGHG�WKDW�³DOWKRXJK�
the reviewed evidence on associations between sodium 
intake and direct health outcomes has methodological
flaws and limitations, when considered collectively, it
indicates a positive relationship between higher levels 
of sodium intake and risk of CVD. This evidence is 
consistent with existing evidence on blood pressure as 
D�VXUURJDWH�LQGLFDWRU�RI�&9'�ULVN�´ IOM Grade: Grade 
not determined, outside the statement of task; DGAC 
Grade: Moderate  

The DGAC concurs with the IOM Report: Sodium 
Intake in Populations WKDW�³HYLGHQFH�IURP�VWXGLHV�RQ�
direct health outcomes is inconsistent and insufficient 
to conclude that lowering sodium intakes below 2300 
milligrams per day either increases or decreases risk of 
CVD outcomes (including stroke and CVD mortality) 
or all-FDXVH�PRUWDOLW\�LQ�WKH�JHQHUDO�8�6��SRSXODWLRQ�´
IOM Grade: Grade not determined, outside the 
statement of task; DGAC Grade: Grade not 
assignable 

The DGAC concurs with the NHLBI Lifestyle Report,
ZKLFK�FRQFOXGHG�WKDW�³D�UHGXFWLRQ�LQ�Vodium intake by
approximately 1000 milligrams per day reduces CVD
events b\�DERXW����SHUFHQW´�DQG�WKDW�³KLJKHU�GLHWDU\�
sodium intake is associated with a greater risk for fatal 
DQG�QRQIDWDO�VWURNH�DQG�&9'�´� NHLBI Strength of 
Evidence: Low; DGAC Grade: Limited 

The DGAC concurs with the NHLBI Lifestyle Report
WKDW�³HYLGHQFH�LV�QRW�VXIILFLHQW�WR�GHWHUPLQH�WKH�
association between sodium intake and the 
GHYHORSPHQW�RI�KHDUW�IDLOXUH�´  NHLBI Strength of 
Evidence: Not assigned due to insufficient evidence;
DGAC Grade: Grade not Assignable 

� 
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5HYLHZ�RI�WKH�(YLGHQFH� 

The DGAC updated systematic reviews done in 2013 
by the IOM4 and NHLBI,1 and identified four 
additional articles published since 2013, all of which 
were prospective cohort studies.14-17 

Of note, the evidence reviewed for the 2013 IOM 
report was published between 2003 and December 
2012. The DGAC concluded that the reviewed 
evidence on associations between sodium intake and 
direct health outcomes has methodological flaws and 
limitations. Specifically, the Committee documented 
the small number of well-conducted studies evaluating
sodium intake and direct health outcomes; the 
inconsistency in findings across the published 
literature, possibly due to methodological factors; the
lack of comparability in sodium intake levels across 
studies particularity in international studies; and the
absence of strong data related to sodium goals and 
direct health outcomes, not including hypertension. 

The DGAC considered the conclusions reached by the
IOM and NHLBI related to dietary sodium intake and
risk of CVD, and determined that the findings from the 
four new studies identified in the updated search did 
not warrant changes to the conclusion statements. In
aggregate, the data indicate a relationship between 
higher sodium intake and higher risk of CVD. 

For additional details on this body of evidence, visit:
http://NEL.gov/conclusion.cfm?conclusion_statement_
id=250457  

4XHVWLRQ����:KDW�HIIHFW�GRHV�WKH� 
LQWHUUHODWLRQVKLS�RI�VRGLXP�DQG�SRWDVVLXP� 
KDYH�RQ�EORRG�SUHVVXUH�DQG�FDUGLRYDVFXODU� 
GLVHDVH�RXWFRPHV"� 

Source of evidence: Existing report 

&RQFOXVLRQV� 

The DGAC concurs with the NHLBI Lifestyle Report
that: ³(YLGHQFH�LV�QRt sufficient to determine whether 
increasing dietary potassium intake lowers blood 
SUHVVXUH�´  NHLBI Strength of Evidence: Not assigned 
due to insufficient evidence; DGAC Grade: Not 
Assignable 

The DGAC concurs with the NHLBI Lifestyle Report
that: ³,Q�observational studies with appropriate 
adjustments (e.g., blood pressure, sodium intake),
higher dietary potassium intake is associated with 
ORZHU�ULVN�IRU�VWURNH�´  NHLBI Strength of 
Evidence:  Low; DGAC Grade: Limited 

The DGAC concurs with the NHLBI Lifestyle Report
that: ³(YLGHQFH�LV�QRW�VXIILFLHQW�WR�GHWHUPLQH�DQ�
association between dietary potassium intake and 
coronary heart disease (CHD), heart failure, and 
FDUGLRYDVFXODU�PRUWDOLW\�´ NHLBI Strength of 
Evidence:  Not assigned due to insufficient evidence;
DGAC Grade: Grade not Assignable 

5HYLHZ�RI�WKH�(YLGHQFH� 

The NHLBI Lifestyle Report summarized limited
evidence on the relationship between potassium intake 
and blood pressure, CHD, heart failure, cardiovascular 
mortality, or stroke.  Although it is postulated that a 
high ratio of sodium intake to potassium intake is a 
stronger risk factor for hypertension than either factor
alone, the evidence base to support this hypothesis is
insufficient for drawing definitive conclusions. 
Although results of epidemiologic studies suggest that 
potassium consumption influences the risk of CVD, the
strength of the evidence is insufficient to draw 
conclusions about CHD, heart failure, or cardiovascular 
mortality. The evidence is limited with regard to stroke,
coming from studies with weaker designs in which 
investigators were able to make appropriate statistical
adjustments for potential confounders of the 
relationship.  

For additional details on this body of evidence, visit:
References 1 and 2 

,PSOLFDWLRQV� 

The current average sodium intake in the United States 
is 3478 milligrams per day, far exceeding
recommendations. Given the well-documented 
relationship between sodium intake and high blood 
pressure, sodium intake should be reduced and 
combined with a healthful dietary pattern (as described 
in Part D. Chapter 2: Dietary Patterns, Foods and 
Nutrients, and Health Outcomes). 

The general population, ages 2 years and older, should 
rely on the recommendations of the IOM Panel on 
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Dietary Reference Intakes for Electrolytes and Water.9 

A tolerable upper limit was set by the Panel at 2300 
milligrams per day based on evidence showing
associations between high sodium intake, high blood 
pressure, and subsequent risk of heart disease, stroke, 
and mortality. Of note, the AHA/ACC recommendation
of less than 2400 milligrams per day (see conclusions
for sodium question 1) is slightly different than the less 
than 2300 milligrams per day recommended by the 
IOM Panel on Dietary Reference Intakes or the 2010
Dietary Guidelines for Americans; less than 2400 
milligrams per day was selected because it was the 
estimated average urinary sodium excretion in the 
DASH-sodium trial. 

Individuals who would benefit from blood pressure 
lowering (i.e., those with prehypertension or
hypertension), should rely on the recommendations in 
the 2013 AHA/ACC Lifestyle Guideline. These
include: lowering sodium intake in general; or
consuming no more than 2400 milligrams of sodium
per day; or lowering sodium intake to 1500 milligrams
per day for even greater reduction in blood pressure; or
lowering sodium intake by at least 1000 milligrams per
day even if the goals of 2400 or 1500 milligrams per 
day cannot be met. 

For decades, sodium intake in the United States has 
exceeded recommendations in spite of numerous 
national campaigns, through programs such as the 
1+/%,¶V�1DWLRQDO�+LJK�%ORRG�3UHVVXUH�(GXFDWLRQ�
3URJUDP�DQG�WKH�&'&¶V�6WDWH�+HDUW�'LVHDVH�DQG�6WURNH�
Prevention Program, focused on individual behavior 
change for sodium reduction. As described in Part D. 
Chapter 1: Food and Nutrient Intakes, and Health: 
Current Status and Trends, sodium is ubiquitous in the 
U.S. food supply and almost all food categories 
contribute to intake levels. This unique feature of
sodium makes it difficult for individuals to achieve 
recommended intake. As such, we recommend that a 
primary emphasis be placed on policies and population-
based strategies for sodium reduction while at the same 
time paying attention to consumer education. Local, 
state, and Federal agencies should consider a 
comprehensive and coordinated strategy, that includes
partnerships with the food industry, to reduce the 
sodium content of foods in the United States based on 
the socio-ecological model highlighted in the 2015 
'*$&¶V�FRQFHSWXDO�PRGHO��VHH�Part B. Chapter 1: 
Introduction). 

These strategies should be consistent with the 
recommendation described in the 2010 IOM report on 
Strategies to Reduce Sodium Intake in the United 
States.5 The primary strategy that was recommended is 
WKDW�³7KH�)'$�VKRXOG�H[SHditiously initiate a process 
to set mandatory national standards for the sodium
FRQWHQW�RI�IRRGV´��7KLV�ZRXOG�include: 1) ³a 
modification of the generally recognized as safe 
(GRAS) status of salt added to processed foods in order 
to reduce the salt content of the food supply in a 
VWHSZLVH�PDQQHU´; 2) ³)'$�VKRXOG�OLNHZLVH�H[WHQG�LWV�
stepwise application of the GRAS modification, 
adjusted as necessary, to encompass salt added to menu 
items offered by restaurant/foodservice operations that 
are sufficiently standardized so as to allow practical 
LPSOHPHQWDWLRQ´��DQG�3) ³)'$�VKRXOG�UHYLVLW�WKH�
GRAS status of other sodium-containing compounds as
well as any food additive provisions for such 
compounds and make adjustments as appropriate, 
consistent with changes for salt in processed foods and 
UHVWDXUDQW�IRRGVHUYLFH�PHQX�LWHPV�´� 

Population sodium reductions efforts should consider: 
1) the varied technical and functional roles that sodium
plays in foods and the complexity of reducing sodium
in foods; 2) the recent accomplishments and voluntary
reduction efforts by the food industry; and 3) consumer 
demand for lower-sodium products. More information 
about strategies for reducing sodium intake in the 
United States can be found in the IOM report, at
http://www.iom.edu/Reports/2010/Strategies-to­
Reduce-Sodium-Intake-in-the-United-States.aspx. 

Informative food labels should be used to effectively
promote awareness of sodium content in foods. 
Consumers would benefit from a standardized, easily
understood front-of-package (FOP) label on all food 
and beverage products to give clear guidance about a
IRRG¶V�KHDOWKIXOQHVV��$Q�H[DPSOH�LV�WKH�)23�ODEHO�
recommended by the IOM,18 which included calories, 
DQG���WR���³QXWULWLRQDO´�SRLQWV�IRU�DGGHG�VXJDUs,
saturated fat, and sodium. This would be integrated 
with the Nutrition Facts Panel, allowing consumers to
quickly and easily identify nutrients of concern for 
over-consumption, in order to make healthier choices. 

Public-private-community partnerships should be 
created to reduce sodium levels in commercially
processed and restaurant foods. 
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Strategies that complement policies and support 
consumers to make dietary behavior changes also are 
needed. These include (but are not limited to): 1)
nutrition services and comprehensive lifestyle 
interventions by multidisciplinary teams;2 2) widely
available diet planning tools that include sodium as an 
area of focus; and 3) educational programs that teach 
adults simple recipes that emphasize flavoring unsalted 
foods with spices and herbs. 

Although the evidence on potassium and blood 
pressure is limited, the DGAC recognizes potassium as 
a nutrient of concern (see Part D. Chapter 1: Food and 
Nutrient Intakes, and Health: Current Status and 
Trends) and encourages increased potassium intake 
through potassium-rich foods such as vegetables and 
fruits (see Table D1.7). 

Interventions, preferably nonpharmacologic, are needed 
for children because borderline high blood pressure 
occurs concomitantly with overweight, obesity, and 
other cardio-metabolic risk factors (see Part D. 
Chapter 1: Food and Nutrient Intakes, and Health: 
Current Status and Trends). Evidence-based strategies 
in clinical and public health settings need to be 
implemented and complemented by environmental 
approaches to reverse these high priority health 
problems in children. 

For blood pressure lowering and hypertension
prevention, action is needed at both the individual and
population levels. 

Sodium reduction in youth will require changes in their 
food environments and school and community-based 
education on healthful eating. 

School systems should adopt mandatory age-
appropriate nutrition and physical activity curricula (K­
12) that incorporate the core principles of the future 
2015 Dietary Guidelines. 

6$785$7('�)$7� 

,QWURGXFWLRQ� 

The relationship between different types of dietary fats 
and risk of CVD has been extensively studied in RCTs
and epidemiologic studies. It is now well-established 
that higher intake of trans fat from partially 

hydrogenated vegetable oils is associated with 
increased risk of CVD and thus, should be minimized 
in the diet. Numerous RCTs have demonstrated that 
saturated fat (SFA) as compared to mono- (MUFA) or
polyunsaturated fats (PUFA) or carbohydrates 
increases total and LDL cholesterol. Thus, limiting
saturated fat consumption has been a longstanding
dietary recommendation to reduce risk of CVD. In
particular, previous DGACs have recommended
consuming no more than 10 percent of daily calories
from saturated fat. 

However, recent meta-analyses of prospective
observational studies did not find a significant
association between higher saturated fat intake and risk
of CVD in large populations. These data have re­
ignited the debate regarding the current
recommendation to limit saturated fat intake. 
Therefore, the DGAC chose to conduct a focused 
review of published systematic reviews and meta-
analyses on saturated fat intake and CVD. A central 
issue in the relationship between saturated fat and CVD
is the specific macronutrients that are used to replace it
because consuming unsaturated fats versus 
carbohydrates in place of saturated fat can have 
different effects on blood lipids and risk of CVD. Thus, 
the CRPPLWWHH¶V assessment of the available evidence 
puts greater emphasis on the replacement macronutrient
for saturated fat.  

In the United States, the top sources of foods 
contributing to saturated fat intake are mixed dishes, 
particularly burgers and sandwiches, and snacks and 
sweets (see Part D. Chapter 1: Food and Nutrient
Intakes, and Health: Current Status and Trends).
Although saturated fat intake has declined in the past 
decades, current intake is still high at a median of 11.1 
percent of daily calories (see Part D. Chapter 1: Food 
and Nutrient Intakes, and Health:  Current Status 
and Trends). Therefore, saturated fat continues to be 
an area of public health concern and the DGAC 
deemed it important to re-evaluate and update the 
knowledge base on saturated fat intake and CVD risk. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
LQWDNH�RI�VDWXUDWHG�IDW�DQG�ULVN�RI� 
FDUGLRYDVFXODU�GLVHDVH"� 

Source of evidence: Existing reports 
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&RQFOXVLRQV� 

Strong and consistent evidence from RCTs shows that 
replacing SFA with unsaturated fats, especially PUFA, 
significantly reduces total and LDL cholesterol. 
Replacing SFA with carbohydrates (sources not 
defined) also reduces total and LDL cholesterol, but
significantly increases triglycerides and reduces HDL
cholesterol.  

Strong and consistent evidence from RCTs and 
statistical modeling in prospective cohort studies shows 
that replacing SFA with PUFA reduces the risk of CVD
events and coronary mortality. For every 1 percent of
energy intake from SFA replaced with PUFA, 
incidence of CHD is reduced by 2 to 3 percent. 
However, reducing total fat (replacing total fat with 
overall carbohydrates) does not lower CVD risk.
Consistent evidence from prospective cohort studies 
shows that higher SFA intake as compared to total 
carbohydrates is not associated with CVD risk. DGAC 
Grade: Strong 

Evidence is limited regarding whether replacing SFA 
with MUFA confers overall CVD (or CVD endpoint) 
benefits. One reason is that the main sources of MUFA 
in a typical American diet are animal fat, and because
of the co-occurrence of SFA and MUFA in foods 
makes it difficult to tease out the independent 
association of MUFA with CVD. However, evidence
from RCTs and prospective studies has demonstrated 
benefits of plant sources of monounsaturated fats, such
as olive oil and nuts on CVD risk. DGAC Grade: 
Limited 

,PSOLFDWLRQV� 

Recommendations on saturated fat intake should 
specify replacement macronutrients and emphasize 
replacing saturated fat with unsaturated fats, especially
polyunsaturated fats. The Committee recommends 
retaining the 10 percent upper limit for saturated fat 
intake. In practice, non-hydrogenated vegetable oils 
that are high in unsaturated fats and relatively low in
SFA (e.g., soybean, corn, olive, and canola oils) instead
of animal fats (e.g., butter, cream, beef tallow, and lard) 
or tropical oils (e.g., palm, palm kernel, and coconut 
oils) should be recommended as the primary source of
dietary fat. Partially hydrogenated oils containing trans 
fat should be avoided. 

In low-fat diets, fats are often replaced with refined 
carbohydrates and this is of particular concern because 
such diets are generally associated with dyslipidemia 
(hypertriglyceridemia and low HDL-C concentrations).
Therefore, dietary advice should put the emphasis on
optimizing types of dietary fat and not reducing total 
fat. 

When individuals reduce consumption of refined 
carbohydrates and added sugars, they should not 
replace them with foods high in saturated fat. Instead, 
refined carbohydrates and added sugars should be
replaced by healthy sources of carbohydrates (e.g., 
whole grains, legumes, vegetables, and fruits), and 
healthy sources of fats (e.g., non-hydrogenated 
vegetable oils that are high in unsaturated fats, and 
QXWV�VHHGV���7KH�FRQVXPSWLRQ�RI�³ORZ-IDW´�RU�³QRQIDW´�
products with high amounts of refined grains and added 
sugars should be discouraged. 

Dietary recommendations on macronutrient 
composition for reducing CVD risk should be dietary
pattern-based emphasizing foods that characterize 
healthy dietary patterns (see Part D. Chapter 2:
Dietary Patterns, Foods and Nutrients, and Health
Outcomes). Individuals are encouraged to consume 
dietary patterns that emphasize vegetables, fruits, 
whole grains, legumes, and nuts; include low- and non­
fat dairy products, poultry, seafood, non-tropical 
vegetable oils; limit sodium, saturated fat, refined 
grains, sugar-sweetened foods and beverages, and are 
lower in red and processed meats. Multiple dietary
patterns can achieve these food and nutrient patterns 
and are beneficial for cardiovascular health, and they
should be tailored to individuals¶�ELRORJLFDO�QHHGV�DQG� 
food preferences. 

5HYLHZ�RI�WKH�(YLGHQFH� 

The DGAC drew evidence from SRs or MA published
between January 2009 and August 2014 in English in a 
peer-reviewed journal, which included RCTs and/or 
prospective cohort studies. Participants included 
healthy volunteers as well as individuals at elevated
chronic disease risk. The main exposure was SFA, and
the main outcomes included LDL-cholesterol (LDL-C), 
HDL-cholesterol (HDL-C), triglycerides (TG), blood 
pressure (BP), and incidence of CVD and CHD, CVD-
and CHD-related death, myocardial infarction, or 
stroke. All reviews were high-quality, with ratings 
ranging from 8 to 11 on AMSTAR. The Committee 
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drew evidence on blood lipids and blood pressure 
outcomes from the AHA/ACC Lifestyle Guideline and 
the associated NHLBI Lifestyle Report, which included 
primarily RCTs on intermediate CVD risk factors. The
Committee drew evidence on CVD endpoints and 
effect size estimates from seven published MA that 
included one or more studies not covered in these 
reports.19-25 Little evidence on the contribution of SFA 
to cardiovascular risk factors in the pediatric 
populations was available, and that which was 
published has not been systematically reviewed. 

(IIHFWV�RI�5HSODFLQJ�6)$�RQ�/'/�&��+'/�&��
DQG�7*�
Macronutrients may affect plasma lipids and 
lipoproteins, which are strong predictors of CVD risk. 
The NHLBI Lifestyle Report summarized evidence 
from three feeding trials examining effects on LDL-C
of dietary patterns with varying SFA levels: DASH
(Dietary Approaches to Stop Hypertension), DASH-
Sodium, and DELTA (Dietary Effects on Lipoproteins
and Thrombogenic Activity). The results from these
trials indicate that reducing total and saturated fat led to
a significant reduction in LDL cholesterol in the 
context of the DASH dietary pattern and the National 
Cholesterol Education Program (NCEP) Step 1 diet. To 
estimate the effects of replacing SFA by specific 
macronutrients such as carbohydrates, MUFA, or
PUFA, the NHLBI Lifestyle Report also included two 
MA from Mensink and Katan (n=1,672), covering the 
period from 1970 to 1998 (27 controlled trials in the 
first MA and 60 controlled trials in the second MA) 
and using the same inclusion/exclusion criteria to 
estimate changes in plasma lipids when substituting
dietary SFA with carbohydrates or other fat types and 
holding dietary cholesterol constant.26, 27 Mensink and 
Katan found that replacing 1 percent of SFA with an 
equal amount of carbohydrates, MUFA, or PUFA led 
to comparable LDL-C reductions: 1.2, 1.3, and 1.8 
milligrams per deciliter, respectively. Replacing 1 
percent of SFA with carbohydrates, MUFA, or PUFA
also lowered HDL-C by 0.4, 1.2, and 0.2 milligrams 
per deciliter, respectively. Replacing 1 percent of
carbohydrates by an equal amount of MUFA or PUFA
raised LDL-C by 0.3 and 0.7 milligrams per deciliter,
raised HDL-C by 0.3 and 0.2 milligrams per deciliter,
and lowered TG by 1.7 and 2.3 milligrams per deciliter, 
respectively. The 2003 MA by Mensink and Katan27 

indicated that the ratio of total to HDL-C, a stronger 
predictor of CVD risk than total or LDL cholesterol
alone, did not change when SFA was replaced by 

carbohydrates, but the ratio significantly decreased
when SFA was replaced by unsaturated fats, especially
PUFA. 

In summary, strong and consistent evidence from RCTs 
shows that replacing SFA with unsaturated fats, 
especially PUFA, significantly reduces total and LDL 
cholesterol. Replacing SFA with carbohydrates also
reduces total and LDL cholesterol, but significantly
increases TG and reduces HDL cholesterol. However,
the evidence of beneficial effects on one risk factor 
does not rule out neutral or opposite effects on
unstudied risk factors. To better assess the overall 
effects of intervention to reduce or modify SFA intake,
studies of clinical endpoints are summarized below. 

7KH�5HODWLRQVKLS�EHWZHHQ�&RQVXPSWLRQ�RI� 
7RWDO�)DW�DQG�6)$�DQG�5LVN�RI�&9'�
A MA by Skeaff et al. in 2009 included 28 U.S. and 
European cohorts (6,600 CHD deaths among 280,000 
participants) and found no clear relationship between 
total or SFA intake and CHD events or deaths.25 

Similarly, Siri-Tarino et al., 2010 found that SFA
intake was not associated with risk of CHD, stroke or 
cardiovascular disease.24 The Siri-Tarino et al., 2010 
meta-analysis included data from 347,747 participants
(11,006 developed CVD) in 21 unique studies, with 16 
studies providing risk estimates for CHD and 8 studies 
providing data for stroke as an endpoint. In the 2012
MA of trials to reduce or modify intake of SFA, 
Hooper et al. also found no significant associations of
total fat reduction with cardiovascular events or 
mortality. Consistent with these prior studies,
Chowdhury et al.¶V������MA of total SFA also did not 
specify what macronutrient substituted SFA and again 
found no association of dietary SFA intake, nor of
circulating SFA, with coronary disease.19 Chowdhury
et al. included data from 32 observational studies 
(530,525 participants) of fatty acids from dietary
intake, 17 observational studies (25,721 participants) of
fatty acid biomarkers, and 27 RCTs (103,052 
participants) of fatty acid supplementation.  

The results described above do not explicitly specify
the comparison or replacement nutrient, but typically it
consists largely of carbohydrates (sources not defined). 
These results suggest that replacing SFA with
carbohydrates is not associated with CVD risk. Taken 
together, these results suggest that simply reducing
SFA or total fat in the diet by replacing it with any type 
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of carbohydrates is not effective in reducing risk of 
CVD. 

(IIHFWV�RI�5HSODFLQJ�6)$�ZLWK�3RO\XQVDWXUDWHG�
)DW�RU�&DUERK\GUDWHV�RQ�&9'�(YHQWV�
Hooper et al.¶V������&RFKUDQH�MA of trials of SFA 
reduction/modification found that reducing SFA by
reducing and/or modifying dietary fat reduced the risk
of cardiovascular events by 14 percent (pooled RR = 
0.86; 95% CI = 0.77 to 0.96, with 24 comparisons and
65,508 participants of whom 7 percent had a 
cardiovascular event, I= 50%).21 Subgroup analyses 
revealed this protective effect was driven by dietary fat 
modification rather than reduction and was only
apparent in longer trials (2 years or more). Despite the 
reduction in total cardiovascular events, there was no
clear evidence of reductions in any individual outcome 
(total or non-fatal myocardial infarction, stroke, cancer 
deaths or diagnoses, diabetes diagnoses), nor was there
any evidence that trials of reduced or modified SFA
reduced cardiovascular mortality. These results suggest
that modifying dietary fat by replacing some saturated 
(animal) fats with plant oils and unsaturated spreads 
may reduce risk of heart and vascular disease. 

Emphasizing the benefits of replacement of saturated
with polyunsaturated fats, Mozaffarian et al., 2010 
found in a MA of 8 trials (13,614 participants with 
1,042 CHD events) that modifying fat reduced the risk
of myocardial infarction or coronary heart disease
death (combined) by 19 percent (RR = 0.81; 95% CI = 
0.70 to 0.95; p = 0.008), corresponding to 10 percent
reduced CHD risk (RR = 0.90; 95% CI = 0.83 to 0.97) 
for each 5 percent energy of increased PUFA.23 This 
magnitude of effect is similar to that observed in the 
Cochrane MA. In secondary analyses restricted to CHD
mortality events, the pooled RR was 0.80 (95% CI = 
0.65 to 0.98). In subgroup analyses, the RR was greater 
in magnitude in the four trials in primary prevention 
populations but non-significant (24 percent reduction in
CHD events) compared to a significant reduction of 16
percent in the four trials of secondary prevention
populations. Mozaffarian et al. argue that the slightly
greater risk reduction in studies of CHD events,
compared with predicted effects based on lipid changes 
alone, is consistent with potential additional benefits of 
PUFA on other non-lipid pathways of risk, such as
insulin resistance. Many of the included trials used 
vegetable oils containing small amounts of plant-
derived n-3 PUFA in addition to omega-6 PUFA. 

Consistent with the benefits of replacing SFA with 
PUFA for prevention of CHD shown in other studies,
Farvid et al., 2014 conducted an SR and MA of
prospective cohort studies of dietary linoleic acid (LA), 
which included 13 studies with 310,602 individuals and 
12,479 total CHD events (5,882 CHD deaths).20 Farvid 
et al. found dietary LA intake is inversely associated 
with CHD risk in a dose-response manner: when 
comparing the highest to the lowest category of intake, 
LA was associated with a 15 percent lower risk of 
CHD events (pooled RR = 0.85; 95% CI = 0.78 to 0.92; 
I²=35.5%) and a 21% lower risk of CHD deaths
(pooled RR = 0.79; 95% CI = 0.71 to 0.89; I²=0.0%). A
5 percent of energy increment in LA intake replacing
energy from SFA intake was associated with a 9 
percent lower risk of CHD events (RR = 0.91; 95% CI
= 0.86 to 0.96) and a 13 percent lower risk of CHD
deaths (RR = 0.87; 95% CI = 0.82 to 0.94). In the 
meta-analysis conducted by Chowdhury et al., there 
was no significant association between LA intake and 
CHD risk, but the analysis was based on a limited 
number of prospective cohort studies. 

In Jakobsen et al.¶V������SRROHG�DQDO\VLV�RI����Fohorts 
(344,696 persons with 5,249 coronary events and 2,155 
coronary deaths), a 5 percent lower energy intake from
SFAs and a concomitant higher energy intake from
PUFAs reduced risk of coronary events by 13 percent
(hazard ratio [HR] = 0.87; 95% CI = 0.77 to 0.97) and
coronary deaths by 16 percent (hazard ratio = 0.74; 
95% CI = 0.61 to 0.89).22 By contrast, a 5 percent
lower energy intake from SFAs and a concomitant 
higher energy intake from carbohydrates, there was a 
modest significant direct association between 
carbohydrates and coronary events (hazard ratio = 1.07; 
95% CI = 1.01 to 1.14) and no association with 
coronary deaths (hazard ratio = 0.96; 95% CI = 0.82 to
1.13). Notably, the estimated HRs for carbohydrate 
intake in this study could reflect high glycemic 
carbohydrate intake rather than total carbohydrate, as 
fiber was controlled for in the analyses. MUFA intake 
was not associated with CHD incidence or death. 

Taken together, strong and consistent evidence from
RCTs and statistical modeling in prospective cohort 
studies shows that replacing SFA with PUFA reduces 
the risk of CVD events and coronary mortality. For 
every 1 percent of energy intake from SFA replaced 
with PUFA, incidence of CHD is reduced by 2 to 3 
percent. The evidence is not as clear for replacement by 
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MUFA or replacement with carbohydrate, and likely
depends on the type and source. 

0HWKRGRORJLFDO�,VVXHV�
When individuals in natural settings reduce calories 
from SFA, they typically replaced them with other 
macronutrients, and the type and source of the 
macronutrients substituting SFA determine effects on 
CVD. For this reason, studies specifying the 
macronutrient type replacing SFA are more informative 
than those examining only total SFA intake, and the 
strongest and most consistent evidence for CVD
reduction is with replacement of SFA with PUFA in 
both RCTs and observational studies.  

The differing effects of the type and source of 
macronutrient substituted may be one reason for the 
limited evidence regarding whether replacing SFA with
MUFA confers CVD benefits and the lack of benefit 
from carbohydrate substitution. The main sources of 
MUFA in a typical American diet are animal fats, 
which could confound potential benefits of SFA-
replacement with plant-source MUFA, such as nuts and 
olive oil, which have demonstrated benefits on CVD
risk. To date, evidence testing replacement of SFA by
MUFA from different sources is insufficient to reach a 
firm conclusion. Similarly, most analyses did not 
distinguish between substitution of saturated fat by
different types of carbohydrates (e.g., refined 
carbohydrate vs. whole grains). 

Of the RCTs included in this evidence summary, the 
intervention methods used varied from long-term
dietary counseling with good generalizability but 
variable compliance, to providing a whole diet for 
weeks (e.g., controlled feeding studies) with maximal 
compliance but limited generalizability. Though the 
content of the recommended or provided diet is known 
with greater precision in the RCTs than in
observational studies, adherence to the diet is likely
variable and could result in lack of compliance and 
high rates of dropout in long-term trials. Additionally, 
bias may arise from the lack of blinding in non-
supplement dietary intervention trials. 

In prospective observational studies, misclassification 
of dietary fatty acid intake could bias associations 
towards the null. In addition, residual confounding by
other dietary and lifestyle factors cannot be ruled out 
through statistical adjustment. Despite these 
methodological issues, there is high consistency of the 

evidence from prospective cohort studies and RCTs in 
supporting the benefits of replacing saturated fat with 
unsaturated fats especially PUFA in reducing CVD
risk.  

For additional details on this body of evidence, visit:
References 1, 2, 19-25 and Appendix E-2.43 

$''('�68*$56�$1'�/2:�&$/25,(�
6:((7(1(56� 

,QWURGXFWLRQ� 

Added sugars are sugars that are either added during
the processing of foods, or are packaged as such, and 
include sugars (free, mono- and disaccharides), syrups,
naturally occurring sugars that are isolated from a 
whole food and concentrated so that sugar is the 
primary component (e.g., fruit juice concentrates), and 
other caloric sweeteners.28 Added sugars have been
discussed in previous iterations of the Dietary 
Guidelines, including a key recommendation in the 
2010 Dietary Guidelines WR�³5HGXFH�WKH�LQWDNH�RI� 
FDORULHV�IURP�VROLG�IDWV�DQG�DGGHG�VXJDUV�´�7KH�2010 
Dietary Guidelines also included guidance stating that,
for most people, no more than about 5 to 15 percent of 
calories from solid fats and added sugars (combined) 
can be reasonably accommodated in a healthy eating
pattern. However, as discussed in Part D. Chapter 1:
Food and Nutrient Intakes, and Health: Current 
Status and Trends, the current intake of added sugars 
still remains high at 268 calories, or 13.4 percent of 
total calories per day among the total population ages 1 
year and older. 

Similar to the healthy eating patterns modeled for the 
2010 DGAC, in the three healthy eating patterns 
modeled for the 2015 DGAC (Healthy U.S.-style 
Pattern, Healthy Mediterranean-style Pattern, and 
Healthy Vegetarian Pattern), a limited number of 
calories are available to be consumed as added sugars 
(see Part D. Chapter 1: Food and Nutrient Intakes, 
and Health: Current Status and Trends). As shown in
Table D.6.1, the full range of these three patterns at all
calorie levels allow for 3 to 9 percent of calories from
added sugars, after meeting food group and nutrient 
recommendations. For the patterns appropriate for most 
people (1600 to 2400 calories), the range is 4 to 6 
percent of calories from added sugars (or 4.5 to 9.4 
teaspoons). The total empty calorie allowance in these 
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patterns is 8 to 19 percent of calories, and based on calories are allocated to limits for added sugars, with 
current consumption patterns, 45 percent of empty the remainder (55 percent) allocated to solid fats. 

Table D6.1. Added sugars available in the USDA Food Patterns (Healthy U.S.-Style, Healthy Mediterranean-
Style, and Healthy Vegetarian Patterns) in calories, teaspoons, and percent of total calories per day.*  

CALORIE LEVEL 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 

Healthy U.S.-style 
Healthy Med-style  
Healthy Vegetarian 
Average  
Average (tsp) 

68 
63 
77 
69 

4.3 

Empty calorie limits available for added sugars
(assuming 45% empty calories from added sugars and 55% from solid fat) 

50 50 54 77 122 126 158 171 180 212 
50 50 81 72 117 126 135 149 158 194 
77 81 81 81 131 131 158 158 158 185 
59 60 72 77 123 128 150 159 165 197 

3.7 3.8 4.5 4.8 7.7 8.0 9.4 9.9 10.3 12.3 

275 
257 
234 
255 

15.9 

Healthy U.S.-style 
Healthy Med-style  
Healthy Vegetarian 
Average  

7% 
6% 
8% 
7% 

4% 4% 3% 4% 6% 6% 7% 7% 6% 7% 
4% 4% 5% 4% 6% 6% 6% 6% 6% 6% 
6% 6% 5% 5% 7% 6% 7% 6% 6% 6% 
5% 4% 5% 4% 6% 6% 6% 6% 6% 7% 

9% 
8% 
7% 
8% 

* See Part D. Chapter 1: Food and Nutrient Intakes, and Health: Current Status and Trends and Appendix E-3.7 for a full 
discussion of the food pattern modeling. 

Although food pattern modeling evaluates the amount 
of added sugars that can be consumed while meeting
food group and nutrient needs, the DGAC also 
reviewed scientific literature examining the relationship
between the intake of added sugars and health to
inform recommendations. The Committee focused on 
the health outcomes most commonly researched related
to added sugars, specifically, body weight and risk of 
type 2 diabetes, CVD, and dental caries. 

As noted above, the Committee acknowledged that a 
potential unintended consequence of a recommendation 
on added sugars might be that consumers and 
manufacturers replace added sugars with low-calorie 
sweeteners. As a result, the Committee also examined 
evidence on low-calorie sweeteners to inform 
statements on this topic. The Committee approached 
this topic broadly, including sweeteners labeled as low-
calorie sweeteners, non-caloric sweeteners, non-
nutritive sweeteners, artificial sweeteners, and diet
beverages. This work is complemented by a food safety
evidence review on aspartame (see Part D. Chapter 5: 
Food Sustainability and Safety). As the evidence on 
added sugars was considered collectively, the added 

sugars conclusions are presented together below, and a 
similar approach was taken for low-calorie sweeteners. 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
WKH�LQWDNH�RI�DGGHG�VXJDUV�DQG�FDUGLRYDVFXODU� 
GLVHDVH��ERG\�ZHLJKW�REHVLW\��W\SH���GLDEHWHV�� 
DQG�GHQWDO�FDULHV"� 

Source of evidence: CVD: NEL systematic review;
Body weight/obesity, type 2 diabetes, and dental caries:
Existing reports 

&RQFOXVLRQV� 

Strong and consistent evidence shows that intake of 
added sugars from food and/or sugar-sweetened 
beverages are associated with excess body weight in
children and adults. The reduction of added sugars and 
sugar-sweetened beverages in the diet reduces body
mass index (BMI) in both children and adults. 
Comparison groups with the highest versus the lowest 
intakes of added sugars in cohort studies were 
compatible with a recommendation to keep added 
sugars intake below 10 percent of total energy intake. 
DGAC Grade: Strong 
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Strong evidence shows that higher consumption of 
added sugars, especially sugar-sweetened beverages, 
increases the risk of type 2 diabetes among adults and 
this relationship is not fully explained by body weight. 
DGAC Grade: Strong 

Moderate evidence from prospective cohort studies 
indicates that higher intake of added sugars, especially
in the form of sugar-sweetened beverages, is 
consistently associated with increased risk of 
hypertension, stroke, and CHD in adults. Observational 
and intervention studies indicate a consistent 
relationship between higher added sugars intake and 
higher blood pressure and serum triglycerides. DGAC 
Grade: Moderate 

The DGAC concurs with the World Health 
2UJDQL]DWLRQ¶V�FRPPLVVLRQHG�V\VWHPDWLF�UHYLHZ�WKDW�
moderate consistent evidence supports a relationship 
between the amount of free sugars intake and the 
development of dental caries among children and 
adults. Moderate evidence also indicates that caries are 
lower when free sugars intake is less than 10 percent of
energy intake. DGAC Grade: Moderate 

5HYLHZ�RI�WKH�(YLGHQFH� 

$GGHG�6XJDUV�DQG�%RG\�:HLJKW�2EHVLW\�
These findings come from three recent reports, all
using SRs and MA that examined the relationship 
between the intake of added sugars and measures of 
body weight.6, 29, 30 Te Morenga et al.6 FRQVLGHUHG�³IUHH� 
sugars,´ 
 while Malik29 and Kaiser et al.30 focused on 
sugar-sweetened beverages. All reviews reported on
body weight. The Te Morenga report also reported on 
body fatness. In the Te Morenga et al. study, 30 trials 
and 38 cohort studies were included in the analyses. In
the Malik et al. study, 10 trials and 22 cohort studies 
were included in the analyses. Kaiser et al. provided an
updated meta-analysis to a previous publication 
(Mattes31) and included a total of 18 trials. In total, 92 
articles were considered in these reviews, of which 21 
were included in two or more reviews. Children and 


 Free sugar is defined by WHO as "all monosaccharides and disaccharides
added to foods by the manufacturer, cook, or consumer, plus sugars
naturally present in honey, syrups, and fruit juices." It is used to distinguish
between the sugars that are naturally present in fully unrefined
carbohydrates such as brown rice, whole wheat pasta, and fruit and those
sugars (or carbohydrates) that have been, to some extent, refined (normally
by humans but sometimes by animals, such as the free sugars present in
honey). They are referred to as "sugars" since they cover multiple chemical
forms, including sucrose, glucose, fructose, dextrose, and others.32 

adults were included in the analyses as were females 
and males. Diverse demographics (race/ethnicity and 
geographic location) also were represented by the 
participants in the respective research studies. All three
reviews were high-quality, with ratings of 11 out of 11
using the AMSTAR tool, and they specifically
DGGUHVVHG�WKH�&RPPLWWHH¶V�TXHVWLRQ�RI�LQWHUHVW�� 

The reviews by Malik et al. and Te Morenga et al. were
very consistent. The findings from both reports provide 
strong evidence that among free-living people 
consuming ad libitum diets, the intake of added sugars 
or sugar-sweetened beverages is associated with 
unfavorable weight status in children and adults. 
Increased added sugars intake is associated with weight 
gain; decreased added sugars intake is associated with 
decreased body weight. Although a dose response 
cannot be determined at this time, the data analyzed by
Te Morenga et al. support limiting added sugars to no 
more than 10 percent of daily total energy intake based
on lowest versus highest intakes from prospective 
cohort studies. Te Morenga et al. VWDWH�WKDW��³GHVSLWH� 
significant heterogeneity in one meta-analysis and
potential bias in some trials, sensitivity analyses 
showed that the trends were consistent and associations 
UHPDLQHG�DIWHU�WKHVH�VWXGLHV�ZHUH�H[FOXGHG�´�'HVSLWH�
these limitations the DGAC gave this evidence a grade 
of Strong, as the limitations are those inherent to the 
primary research on which they are based, notably
inadequacy of dietary intake data and variations in the 
nature and quality of the dietary interventions. 

The Kaiser et al. review concluded that the currently
available randomized evidence for the effects of 
reducing sugar-sweetened beverage intake on obesity is
equivocal. However, the DGAC noted methodological
issues with this review, particularly the inclusion of
both efficacy studies (in more controlled settings) and 
effectiveness studies (in real world). The outcomes 
from the effectiveness trials vary substantially, 
depending how effective the interventions are. As a 
result, the Committee viewed the reviews by Te 
Morenga et al. and Malik et al. to be stronger than the 
Kaiser et al. review. 

$GGHG�6XJDUV�DQG�7\SH���'LDEHWHV�
Evidence for this question and conclusion came from
five SRs and MA published between January 2010 and 
August 2014.33-37  Four of the reviews focused on 
sugar-sweetened beverages33-35, 37 and one review 
examined sugar intake.36 Combined, a total of 17 
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articles were considered in these reviews, of which nine 
were included in two or more reviews. Increased 
consumption of sugar-sweetened beverages was 
consistently associated with increased risk of type 2 
diabetes. Pooled estimated relative risks ranged from
1.20 to 1.28, and included 1.20 (95% CI = 1.12 to 1.29) 
per 330 milliliters per day of sugar-sweetened soft 
drinks;331.26 (95% CI = 1.12 to 1.41) for sugar-
sweetened beverages,35 and 1.28 (95% CI = 1.04 to 
1.59) for sugar-sweetened fruit juices.37 Comparably, a 
hazard ratio of 1.29 (1.02, 1.63) was identified for 
sugar-sweetened beverages.34 These consistently 
positive associations between sugar-sweetened 
beverages and type 2 diabetes were attenuated, but still
existed, after adjustment for BMI, suggesting that body 
weight only partly explains the deleterious effects of 
sugar-sweetened beverages on type 2 diabetes.
Although the studies were highly heterogeneous,
findings from the MA by Malik et al. tentatively
showed that consumption of more than one 12-ounce 
serving per day of sugar-sweetened beverage increased 
the risk of developing type 2 diabetes by 26 percent, 
compared to consuming less than one serving per 
month. Insufficient high-quality data are available to 
determine a dose-response line or curve between sugar-
sweetened beverage consumption and type 2 diabetes 
risk. 

The issue of generalizability, whether the participants 
included in this body of evidence are representative of 
the general U.S. population, was not specifically
addressed in the literature reviewed, but the large 
sample sizes of the pooled data (several hundred 
thousand subjects from different populations) are 
noteworthy. 

$GGHG�6XJDUV�DQG�&DUGLRYDVFXODU�'LVHDVH�
This NEL systematic review included 23 articles 
published since 2000 that examined the relationship 
between added sugars and risk of CVD or CVD risk
factors such as blood lipids and blood pressure.38-60 

This literature included 11 intervention studies and 12 
prospective cohort studies. 

The majority of intervention and observational studies 
included in this SR provide some evidence among
adults in support of an association between higher 
intake of added sugars, especially in the form of sugar-
sweetened beverages, and higher risk of CVD or 
increased CVD risk factors. More consistent 
associations were seen between added sugars and 

elevated serum triglycerides, blood pressure, and 
increased risk of hypertension, stroke, or CHD.
Evidence for associations between added sugars and 
dyslipidemia (i.e., low HDL, high LDL, and high total 
cholesterol) was not as consistent, especially among
intervention studies. 

The body of evidence examined in this SR had a 
number of limitations. For example, the intervention 
studies had extensive heterogeneity in terms of the 
types and forms of sugars used (i.e., fructose, glucose,
sucrose, sugar-sweetened beverages, sweetened milk) 
and the type of control and/or isocaloric condition used. 
In addition, most intervention studies had a short 
duration of the intervention and a small sample size. 
Most of the observational studies assessed dietary
intake only at baseline, and did not take assessments 
during follow-up. Residual confounding by other 
dietary and lifestyle factors in observational analyses
could not be completely ruled out. 

$GGHG�6XJDUV�DQG�'HQWDO�&DULHV�
These findings were extracted from a World Health 
Organization (WHO)-commissioned SR by Moynihan
et al. published in 2014 examining the association 
between the amount of sugars intake and dental caries.7 

The search for SRs/MA published since completion of
the WHO review did not yield any additional reviews 
that met the '*$&¶V inclusion criteria. 

Moynihan et al. examined total sugars, free sugars, 
added sugars, sucrose, and non-milk extrinsic (NME) 
sugars. In the review, eligible studies reported the 
absolute amount of sugars. Dental caries outcomes
included caries prevalence, incidence and/or severity. 

Several databases were searched from 1950 through 
2011. From 5,990 papers identified, 55 studies (from
65 papers) were eligible, including 3 interventions, 8 
cohort studies, 20 population studies, and 24 cross-
sectional studies. No RCTs were included. Data 
variability limited the ability to conduct meta-analysis.
Of the 55 studies included in the review, the majority
were in children and only four studies were conducted
in adults. The terminology used for reporting sugars
varied, but most were described as pertaining to free 
sugars or added sugars.  

The findings indicated consistent evidence of moderate
quality supporting a relationship between the amount of 
sugars consumed and dental caries development across 
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age groups. Of the studies, 42 out of 50 studies in 
children and five out of five in adults reported at least 
one result for an association between sugars intake with
increased caries. Moderate evidence also showed that 
caries incidence is lower when free sugars intake is less 
than 10 percent of energy intake. When a less than 5 
percent energy intake cutoff was used, a significant
relationship between sugars and caries was observed, 
but the evidence was judged to be of very low quality. 
Although meta-analysis was limited, analysis of 
existing data indicated a large effect size (e.g., 
Standardized Mean Difference for 
Decayed/Missing/Filled Teeth [DMFT] = 0.82 [CI = 
0.67-0.97]) for the relationship of sugars intake and 
risk of dental caries. A strength of the in-depth SR was 
the consistency of data, despite methodological 
weaknesses in many studies, which included unclear 
definitions of endpoints, questions about outcomes 
ascertainment, and lack of clarity about the 
generalizability of individual study results given the
study populations used.  

For additional details on this body of evidence, visit:
References 6, 7, 29, 30, 33-37, and 38-60 and 
Appendices E-2.44 (body weight), E-2.45 (type 2 
diabetes), E-2.46 (dental caries), and
http://NEL.gov/topic.cfm?cat=3376 (CVD) 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
WKH�LQWDNH�RI�ORZ�FDORULH�VZHHWHQHUV�DQG�ERG\� 
ZHLJKW�REHVLW\�DQG�W\SH���GLDEHWHV"� 

Source of evidence: Existing reports 

&RQFOXVLRQV� 

Moderate and generally consistent evidence from short-
term RCTs conducted in adults and children supports 
that replacing sugar-containing sweeteners with low-
calorie sweeteners reduces calorie intake, body weight,
and adiposity. DGAC Grade: Moderate 

Long-term observational studies conducted in children
and adults provide inconsistent evidence of an 
association between low-calorie sweeteners and body
weight as compared to sugar-containing sweeteners. 
DGAC Grade: Limited 

Long-term observational studies conducted in adults 
provide inconsistent evidence of an association 

between low-calorie sweeteners and risk of type 2 
diabetes.  DGAC Grade: Limited  

5HYLHZ�RI�WKH�(YLGHQFH� 

/RZ�&DORULH�6ZHHWHQHUV�DQG�%RG\�
:HLJKW�2EHVLW\� 
The evidence to support these conclusions comes from
three SRs/MA published between January 2010 and 
August 2014.61-63 In total, 39 articles were considered 
in these reviews, of which six were included in two or 
more reviews. Experimentally, the protocols described 
in the 39 articles included RCTs and prospective cohort 
studies. Although results from both experimental 
designs were carefully assessed, the DCAC deemed 
evidence from RCTs to be scientifically stronger and 
used it as the foundation for conclusions pertaining to 
body weight. 

Among prospective cohort studies, low-calorie 
sweetener intake was not associated with body weight 
or fat mass, but was significantly associated with
slightly higher BMI (0.03; 95% CI = 0.01 to 0.06).62 

These findings should be viewed with caution, 
however, because of the high risk of reverse causality
and the possibility that people with higher body
weights would consume more low-calorie sweetener-
containing foods and beverages as a weight-control 
strategy. 

Evidence from short-term RCTs consistently indicated
that low-calorie sweeteners (vs. sugar-containing foods
and beverages) modestly reduce body weight in adults.
When evidence from adults and children were 
combined, low-calorie sweeteners modestly reduced
BMI, fat mass, and waist circumference. The primary
research articles used by Miller and Perez for the MA 
contained findings from both adults (n=5 cohorts) and 
children (n=4 cohorts).62 The results of interventions 
lasting 3 to 78 weeks indicated that low-calorie 
sweeteners reduced body weight in adults (-0.72 kg;
95% CI = -1.15 to -0.30) and children (-1.06 kg; 95% 
CI = -1.17 to -0.56). Age-specific results were not 
provided for BMI, fat mass, or waist circumference, but 
data from both age groups were pooled to show the 
impact of low-calorie sweeteners vs. sugar-containing
foods/beverages on these outcomes. 

In contrast, Brown et al. summarized that very limited 
evidence from three short-term (12 to 25 week) RCTs,
which suggested that consumption of low-calorie 
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sweeteners does not influence body weight or BMI in 
predominantly pre-teenage and teenage youth (ages 10 
to 21 years), compared to sugar-sweetened beverage or 
placebo.61 The authors cautioned that insufficient data 
exist to assess causality of low-calorie sweeteners on 
body weight. The evidence reported in this 2010 
publication was obtained from very heterogeneous 
experimental designs and interventions. One study
tested the effects of encapsulated aspartame vs. placebo 
during weight loss; another allowed subjects to
exchange sugar-sweetened beverages with either low-
calorie sweetener beverages or water (precluding
assessment of low-calorie sweetener beverages 
VSHFLILFDOO\���DQG�D�WKLUG�ZDV�GHVFULEHG�DV�D�³SLORW�
study.´ 

Collectively, evidence is mixed on the impact of low-
calorie sweeteners vs. sugar-containing
foods/beverages on body weight in children. However,
the DGAC deemed evidence presented by Miller and 
Perez62 to be stronger than from Brown et al.61 because 
it culminated from a larger, more recent research base 
and include both systematic review and meta-analysis
assessment and evaluation techniques. 

/RZ�&DORULH�6ZHHWHQHUV�DQG�7\SH���'LDEHWHV�
Evidence to address the impact of low-calorie 
sweeteners (specifically artificially sweetened soft 
drinks, ASSD) on risk of type 2 diabetes comes from
two SRs/MA published between January 2010 and 
August 2014.33, 34 The data from one of the reviews also 
is represented in the second review.  

Greenwood et al. reported that higher consumption of 
ASSD predicts increased risk of type 2 diabetes.33 The 
summary RR for ASSD on type 2 diabetes risk was 
1.13 (95% CI = 1.02 to 1.25, p<0.02) per 330 milliliters 
per day, based on four analyses from three prospective
observational studies. Although the finding indicates a
positive association between ASSD and type 2 diabetes
risk, the trend was not consistent and may indicate an 
alternative explanation, such as confounding by
lifestyle factors or reverse causality (e.g., individuals 
with higher BMI at baseline may use ASSD as a means 
to control weight). 

Romaguera et al. also reported that higher consumption 
of ASSD was associated with increased risk of type 2 
diabetes.34 In adjusted models, one 336 gram (12 oz) 
daily increment in ASSD consumption was associated 
with a hazard ratio for type 2 diabetes of 1.52 (95% CI 

= 1.26 to 1.83). High consumers of ASSD showed 
almost twice the hazard ratio of developing type 2 
diabetes compared with low consumers (adjusted HR = 
1.93; 95% CI = 1.47 to 2.54; p for trend <0.0001).
However, the association was attenuated and became 
statistically not significant when BMI was included in 
the model (HR = 1.13, 95% CI = 0.85 to 1.52; p for 
trend = 0.24). The authors offered these interpretations 
of WKH�ILQGLQJV��³,Q�OLJKW�RI�WKHVH�ILQGLQJV��ZH�KDYH�WZR�
possible explanations of the association between 
artificially sweetened soft drinks and diabetes: (1) the 
observed association is driven by reverse causality and 
residual confounding, given that the underlying health
of people consuming artificially sweetened soft drinks 
may be compromised and their risk of type 2 diabetes 
increased; or (2) the association between artificially
sweetened soft drinks and type 2 diabetes is mediated
WKURXJK�LQFUHDVHG�%0,�´ The authors argued that 
explanation 1 is more likely correct based on reverse 
causality, but new research would be needed to clarify
the issue. 

Collectively, both studies report a positive association 
between ASSD and type 2 diabetes risk that was 
confounded by baseline BMI. The experimental 
designs of the studies included in these reviews 
analyzed associations, but precluded the assessment of 
cause and effect relationships, and future experimental 
studies should examine the relationship between ASSD
and biomarkers of insulin resistance and other diabetes 
biomarkers.  

For additional details on this body of evidence, visit:
References 33, 34, and 61-63 and Appendices E-2.47 
(body weight) and E-2.48 (type 2 diabetes) 

,PSOLFDWLRQV� 

Obesity, type 2 diabetes, CVD, and dental caries are 
major public health concerns. Added sugars intake 
negatively impacts all of these conditions, and strong
evidence supports reducing added sugars intake to 
reduce health risks. Added sugars are frequently used 
in food/beverage processing and provide calories but 
no other nutrients. Since 39 percent of added sugars are 
from sugar-sweetened beverages, efforts are needed to 
reduce these beverages (see Figure D1.36. Food 
Sources of Added Sugars). Currently, the mean intake 
of added sugars in the U.S. population is 13%, and 
from 15% to 17% in children 9 and older, adolescents,
and young adults. 
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The DGAC recommends limiting added sugars to a 
maximum of 10% of total daily caloric intake. This 
recommendation is supported by: 1) the food pattern 
modeling analysis conducted by the 2015 DGAC and
2) the scientific evidence review on added sugars and 
chronic disease risk conducted by the Committee. The 
food pattern analysis, based on the Healthy U.S.-Style 
Pattern, the Healthy Vegetarian Pattern, and the 
Healthy Mediterranean-Style Pattern (see Part D. 
Chapter 1: Food and Nutrient Intakes, and Health: 
Current Status and Trends and Appendix E-3.7),
demonstrates that when added sugars in foods and 
beverages exceeds 3% to 9% of total calories, 
depending on calorie level, a healthful food pattern 
may be difficult to achieve and nutrient density may be 
adversely affected (Table D6.1). The scientific 
evidence on added sugars and chronic disease risk also
supports this limit. 

The recommendation to limit added sugars, especially
sugar-sweetened beverages, is consistent with
recommendations from national and international 
organizations including the American Academy of 
Pediatrics, World Health Organization, American Heart 
Association, Centers for Disease Control and 
Prevention, and the American Diabetes Association 
(Table D6.2). 

When low-calorie sweeteners are used to replace sugar,
the resulting reduction in calories can help to achieve
short-term weight loss. However, there is insufficient 
evidence (due to a paucity of data) to recommend the 
use of low-calorie sweeteners as a strategy for long­
term weight loss and weight maintenance. Since the 
long-term effects of low-calorie sweeteners are still 
uncertain, those sweeteners should not be 
recommended for use as a primary
replacement/substitute for added sugars in foods and
beverages. 

Policies and programs at local, state, and national 
levels in both the private sector and public sector are 
necessary to support efforts to lower added sugars in 
beverages and foods and to limit availability of sugar-
sweetened beverages and snacks. Suggested specific 
approaches for reducing added sugars intake include: 

Water is the preferred beverage choice. Strategies
are needed to encourage the US population, 
especially children and adolescents, to drink water 
when they are thirsty. Water provides a healthy, 

low-cost, zero-calorie beverage option. Free, 
readily accessible, safe water should be available in 
public settings, as well as child care facilities, 
schools, worksites and other community places and 
promoted in all settings where beverages are 
offered. 

x	 The Nutrition Facts Panel (NFP) should include 
added sugars (in grams and teaspoons) and include 
a percent daily value, to assist consumers in 
making informed dietary decisions by identifying
the amount of added sugars in foods and beverages. 

x	 Consumers would benefit from a standardized, 
easily understood front-of-package (FOP) label on 
all food and beverage products to give clear 
JXLGDQFH�DERXW�D�IRRG¶V�KHDOWKIXOQHVV��$Q�H[DPSOH�
is the FOP label recommended by the IOM,18 

ZKLFK�LQFOXGHG�FDORULHV��DQG���WR���³QXWULWLRQDO´�
points for added sugars, saturated fat, and sodium. 
This would be integrated with the NFP, allowing
consumers to quickly and easily identify nutrients 
of concern for over-consumption, in order to make
healthier choices. 

x	 Economic and pricing approaches, using incentives 
and disincentives should be explored to promote 
the purchase of healthier foods and beverages. For 
example, higher sugar-sweetened beverage taxes 
may encourage consumers to reduce sugar-
sweetened beverage consumption. Using the
revenues from the higher sugar-sweetened 
beverage taxes for nutrition health promotion 
efforts or to subsidize fruits and vegetables could 
have public health benefits. 

x	 Efforts to reduce added sugars in foods and sugar-
sweetened beverages in school meals and through 
the new smart snacks in schools should continue 
and also be expanded to other settings, including
early child care (through the Child and Adult Care 
Food Program- CACFP), parks, recreation centers, 
sports leagues, after school programs, work sites 
and other community settings. 

x	 Policies that limit exposure and marketing of foods 
and beverages high in added sugars to young
children, youth and adolescents are needed as
dietary preferences are established early in life.  

x	 Young adults (ages 20-29 years) are among the 
greatest consumers of sugar-sweetened beverages 
and are directly targeted in sugar-sweetened 
beverage marketing campaigns. Health promotion 
efforts and policies are needed to reduce sugar­
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sweetened beverages in settings, such as x Public education campaigns are needed to increase 
postsecondary institutions and worksites. WKH�SXEOLF¶V�DZDUHQHVV�RI�WKH�KHDOWK�HIIects of 

x Policy changes within the federal Supplemental added sugars and help consumers reduce added 
Nutrition Assistance Program (SNAP), similar to sugars intake and reduce intake of sugar-sweetened 
policies in place for the WIC program, should be beverages through policy, food environment and 
considered to encourage purchase of healthier education initiatives. 
options, including foods and beverages low in 
added sugars.  Pilot studies using incentives and
restrictions should be tested and evaluated.  

Table D6.2. Recommendations or statements related to added sugars or sugar-sweetened beverages from
international and national organizations. 

Organization Recommendation/Statement Related to Added Sugars and/or Sugar-Sweetened 
Beverages 

World Health x WHO recommends reduced intake of free sugars throughout the life-course (strong 
Organization recommendation).
(WHO)64 x In both adults and children, WHO recommends that intake of free sugars not to exceed 10% of total 

energy (strong recommendation). 
x WHO suggests further reduction to below 5% of total energy (conditional recommendation). 

American Heart The AHA recommends reductions in added sugars with an upper limit of half of the discretionary calorie 
Association allowance that can be accommodated within the appropriate energy intake level needed for a person to 
(AHA)65 achieve or maintain a healthy weight based on the USDA food intake patterns.  Most American women 

should eat or drink no more than 100 calories per day from added sugars (about 6 teaspoons), and most
American men should eat or drink no more than 150 calories per day from added sugars (about 9 
teaspoons). 

HealthyPeople 
202066 

Objective NWS-17.2: Reduce consumption of calories from added sugars (Target: 10.8%) 

American Academy Limit consumption of sugar-sweetened beverages (consistent evidence) 
of Pediatrics 
(AAP)67-69 Pediatricians should work to eliminate sweetened drinks in schools 

Note: Due to limited studies in children, the American Academy of Pediatrics (AAP) has no official 
recommendations regarding the use of non-caloric sweeteners. 

American Diabetes Prevention 
Association Research has shown that drinking sugary drinks is linked to type 2 diabetes, and the American Diabetes 
(ADA)70, 71 Association recommends that people limit their intake of sugar-sweetened beverages to help prevent 

diabetes. 

Diabetes Management
People with diabetes should limit or avoid intake of sugar-sweetened beverages (from any caloric 
sweetener including high fructose corn syrup and sucrose) to reduce risk for weight gain and worsening
of cardiometabolic risk profile. (Evidence rating B) 

NHLBI Expert Reduced intake of sugar-sweetened beverages is associated with decreased obesity measures (Grade B). 
Panel Guidelines for 
Cardiovascular 
Health and Risk 
Reduction in 
Childhood72 

� 

2015 Dietary Guidelines Advisory Committee Report 348 



 

  

 

 

 
 

 

 

 

 

  
 

 

 

 

  

 
 

 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

&+$37(5�6800$5<� 

The DGAC encourages the consumption of healthy 
dietary patterns that are low in saturated fat, added 
sugars, and sodium. The conclusions in this chapter 
complement the findings from Part D. Chapter 1: 
Food and Nutrient Intakes, and Health: Current 
Status and Trends and Part D. Chapter 2: Dietary 
Patterns, Foods and Nutrients, and Health Outcomes. 
The goals for the general population are: less than 2300
milligrams dietary sodium per day (or age-appropriate 
Dietary Reference Intake amount), less than 10 percent 
of total calories from saturated fat per day, and a 
maximum of 10 percent of total calories from added 
sugars per day. 

Sodium, saturated fat, and added sugars are not 
intended to be reduced in isolation, but as a part of a 
healthy dietary pattern. Rather than focusing purely on
reduction, emphasis should be placed on replacement 
and shifts in food intake and eating patterns. Sources of
saturated fat should be replaced with unsaturated fat, 
particularly polyunsaturated fatty acids. Similarly, 
added sugars should be reduced in the diet and not 
replaced with low-calorie sweeteners, but rather with 
healthy options, such as water in place of sugar-
sweetened beverages. For sodium, emphasis should be 
placed on expanding industry efforts to reduce the 
sodium content of foods and helping consumers 
understand how to flavor unsalted foods with spices 
and herbs. 

Achieving reductions in sodium, saturated fat, and 
added sugars, can all be accomplished and are more 
attainable by eating a healthy dietary pattern. For all 
three of these components of the diet, policies and 
programs at local, state, and national levels in both the
private and public sector are necessary to support 
reduction efforts. Similarly, the Committee supports 
efforts in labeling and other campaigns to increase 
consumer awareness and understanding of sodium, 
saturated fats, and added sugars in foods and 
beverages. The Committee encourages the food 
industry to continue reformulating and making changes 
to certain foods to improve their nutrition profile. 
Examples of such actions include lowering sodium and 
added sugars content, achieving better saturated fat to 
polyunsaturated fat ratio, and reducing portion sizes in
retail settings (restaurants, food outlets, and public 
venues, such as professional sports stadiums and 

arenas). The Committee also encourages the food 
industry to market these improved products to 
consumers. 

1(('6�)25�)8785(�5(6($5&+� 

1.		 Design and conduct studies with sufficient power 
to define the impact of improving dietary quality, 
including the lowering of dietary sodium intake, on 
hypertension and relevant disease outcomes, 
including cardiovascular disease, stroke, peripheral 
vascular disease, kidney disease, and others. The 
interactions with patterns of therapeutic medication 
use (e.g., diuretics, antihypertensives, and lipid-
lowering) should be considered. 

Rationale: The current literature is incomplete, 
limited in power and durations, and often 
compromised by methodological challenges that 
must be addressed in well-designed studies with
relevant clinical outcomes. 

2.		 Assess the accuracy of 24-hour urine collections 
for sodium assessment in populations with 
different health conditions (e.g., diabetes, chronic 
kidney disease, heart failure, cardiovascular
disease) and interactions with different patterns of
medication use (e.g., diuretics, antihypertensives).  

Rationale: If there is systematic error in sodium
assessment because individuals with various co-
morbidities who are taking medications 
systematically do not provide accurate urine 
collections, paradoxical findings between sodium
and health outcomes may be observed. 

3.		 Examine the effect of behavioral interventions, 
with novel approaches (e.g., flavorful recipes, 
cooking techniques) on adherence to dietary
sodium recommendations. 

Rationale: For decades, the population has 
exceeded dietary sodium intake recommendations. 
A public health approach that results in
reformulation of commercially processed foods to 
lower sodium content should be the primary
strategy for decreasing sodium intake in the U.S. 
population. However, individual support for public 
health policies will be needed to further document 
demand for changes in the sodium food 

2015 Dietary Guidelines Advisory Committee Report 349 



  
 

 

 

 

  
 

 

  
 

 
 

 

  
 

 

 
 

 

 

 

 
 

 

 

 

   

 

   
  

  

 
   

 
 

 

 

 

 

 

environment. To this end, interventions that modify
individual knowledge, attitudes, and behaviors
around sodium intake should be evaluated. 

4.		 Examine the effect of low sodium intake on taste 
preferences for sodium and healthy dietary
patterns.  

Rationale: It has been argued that populations
desire higher levels of sodium intake and will 
inevitably revert to higher levels of sodium intakes 
after acute reductions in sodium intake. It has also 
been argued that after six weeks of reduced sodium
intake, taste preferences are modified such that 
higher sodium is no longer desirable. Studies are
needed to elucidate the effects of lowering sodium
intake on diet preferences. 

5.		 Document the relationship between portion size
and sodium intake. 

Rationale: These data are needed to inform 
whether dietary recommendations for sodium
should be adjusted for caloric intake. It is known 
that the absolute amount of sodium intake is highly
correlated with caloric intake. As a result, the 
absolute recommended amount of sodium is harder 
to achieve for a larger, high energy consuming
person than for a smaller, low energy consuming
person. The science to inform whether sodium
density confers different risk than absolute intake 
of sodium is limited because of methodologic 
limitations in surveys where both calories and 
sodium intake can be calculated. Furthermore, the 
existing correlation between sodium and calories 
may be an artifact of the current food supply. 

6.		 Determine the effects of replacement of saturated 
fat with different types of carbohydrates (e.g., 
refined vs. whole grains) on cardiovascular disease 
risk.  

Rationale: Most randomized controlled trials and 
prospective cohort studies compared saturated fat 
with total carbohydrates. It is important to 
distinguish different types of carbohydrates (e.g. 
refined vs. whole grains) in future studies.  

7.		 Examine the effects that replacement of saturated 
fat with polyunsaturated fat vs. monounsaturated 
fat has on cardiovascular disease risk.   

Rationale: Most existing studies have examined 
the effects of substituting PUFA for saturated fat
on cardiovascular disease risk. Future studies 
should also examine the potential benefits of 
substituting monounsaturated fat from plant 
sources such as olive oil and nuts/seeds for 
saturated fat on cardiovascular disease risk. 

8.		 Examine lipid and metabolic effects of specific oils
modified to have different fatty acid profiles (e.g. 
commodity soy oil [high linoleic acid] vs. high 
oleic soy oil). 

Rationale: As more modified vegetables oils 
become commercially available, it is important to 
assess their long-term health effects. In addition,
future studies should examine lipid and metabolic 
effects of plant oils that contain a mix of n-9, n-6, 
and n-3 fatty acids, as a replacement for animal fat,
on cardiovascular disease risk factors. 

9.		 Examine the effects of saturated fat from different 
sources, including animal products (e.g. butter, 
lard), plant (e.g., palm vs. coconut oils), and 
production systems (e.g. refined deodorized 
bleached vs. virgin coconut oil) on blood lipids and
cardiovascular disease risk. 

Rationale: Different sources of saturated fat 
contain different fatty acid profiles and thus, may
result in different lipid and metabolic effects. In
addition, virgin and refined coconut oils have
different effects in animal models, but human data 
are lacking. 

10. Conduct gene-nutrient interaction studies by
measuring genetic variations in relevant genes that 
will enable evaluation of effects of specific diets 
for individualized nutrition recommendations. 

Rationale: Individuals with different genetic 
background may respond to the same dietary
intervention differently in terms of blood lipids and 
other cardiovascular disease risk factors. Future 
studies should explore the potential role of genetic 
factors in modulating the effects of fat type 
modification on health outcomes. 
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11. Identify sources and names of added sugars and 
low-calorie sweeteners used in the food supply and 
quantify their consumption levels and trends in the 
U.S. diet. 

Rationale: It is unclear whether all food and 
nutrient databases capture all added sugars 
because: 1) added sugars have varied and 
inconsistent nomenclature and may not be 
recognized as added sugars in nutrient analyses;
and 2) many foods with added sugars have 
formulations considered proprietary by the 
manufacturers and for this reason actual added 
sugars content is difficult to obtain. Accurate 
assessment of added sugars in the U.S. diet is
needed to quantify the population level exposure 
and subsequent health risks from added sugars. The 
lack of information on the various added sugars in 
the food supply hinders efforts to make policy
about consumption. 

12. Conduct prospective research with strong
experimental designs and multiple measurements 
of the consumption of added sugars and low-
calorie sweeteners on health outcomes, such as
body weight, adiposity, and clinical markers of
type 2 diabetes and cardiovascular disease. 

Rationale: High heterogeneity exists among
published research with regard to the types and 
forms of added sugars and low-calorie sweeteners-
containing foods/beverages used for interventions, 
which precludes assessing the effects of specific 
added sugars and low-calorie sweeteners on body
weight, adiposity, and cardio-metabolic health in 
adults and children. Many studies use single 
baseline measurements of diet to reflect usual 
patterns and quantities of intake over time. New
research should emphasize assessments within the 
context of usual dietary intakes and patterns of 
food and beverage consumption in free-living
populations, along with specific added sugars and 
low-calorie sweeteners, especially those that are 
currently understudied. Large prospective studies
with repeated measurements of low-calorie 
sweeteners are needed to monitor their long-term
effects on cancer and other health outcomes. 

13. Design studies that emphasize assessments of
relationships between the intakes of added sugars 
and low-calorie sweeteners and body weight, 

adiposity, and cardio-metabolic health in diverse
sub-populations who are at high risk of obesity and 
related morbidities. 

Rationale: Insufficient evidence exists to assess 
the impact of added sugars and low-calorie 
sweeteners contained in foods and beverages on 
individuals from diverse populations who have
high risk for adverse health outcomes. These 
include (but not limited to) different race/ethnicity
groups; low income groups, especially those with 
food insecurity; groups who live in specific 
geographic locations with high prevalence of
obesity (e.g. inner city, rural, and Southern regions
of the United States); and age and sex groups 
(women, children, and elderly adults). 

14. Assess and improve approaches and policies to 
reduce the amount of added sugars in the food and
beverage supply as well as in school and 
community settings. 

Rationale: Results from this research would assist 
policy makers and the private sector in establishing
sustainable approaches and policies to limit the 
availability and consumption of added sugars. 
These approaches and policies would also be 
important for multi-component strategies to 
improve weight control and health among people 
living in the United States. 

15. Conduct consumer research to identify and test
elements of a standardized, easily understood front­
of-package label. 

Rationale: Research is needed to provide an 
evidence base to support the need and identify
critical elements of a front of package label. This is
particularly important to support the Food and 
Drug Administration in implementing a front-of­
package labeling system. 
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The combination of a healthy diet and regular 
physical activity is central to promoting overall 
health and preventing many chronic diseases. The 
Dietary Guidelines for Americans first emphasized 
the importance of physical activity in 1990 and has 
included the topic in every edition in the two 
decades since. Although the 1990 and 1995 Dietary 
Guidelines for Americans discussed physical activity
as a tool for managing and maintaining a healthy
body weight, it broadened this perspective with the 
2000 edition. Beginning in 2000, the Dietary 
Guidelines for Americans’ physical activity content
reflected the growing evidence base on the
relationship between physical activity and various 
health outcomes. This evidence, from a wide range 
of well-conducted studies, clearly demonstrates that 
physically active people have improved growth and 
development, higher levels of fitness, a lower risk
profile for developing a number of disabling medical 
conditions, and lower rates of various chronic 
diseases than do people who are less active or 
sedentary.1 

In 2008, the U.S. Department of Health and Human 
Services issued the first Physical Activity Guidelines 
for Americans (PAG).2 The PAG serves as the 
benchmark and single, authoritative voice for 
science-based guidance on physical activity, fitness, 
and health for Americans 6 years and older (Table 
D7.1). The content of the PAG complements the 
Dietary Guidelines for Americans. Recognizing the 
dual importance of being physically active and 
eating a healthy diet to promote good health and 

reduce the risk of chronic diseases, therefore, the 
2015 DGAC included a number of physical activity
questions, including several related to body weight.  
Despite the consistent public health advice and 
encouragement to engage in regular physical 
activity, the majority of the U.S. population does not 
meet PAG recommendations. Using self-reported 
measures, in 2012 fewer than 21 percent of adults 
met the PAG recommendations for aerobic and 
muscle-strengthening physical activity, with fewer 
women than men meeting recommendations.3 As 
reported in the National Health Interview Survey, 
physical activity participation rates are lower in
Blacks or African Americans and Hispanic or 
Latinos than in White populations. Older adults had 
the lowest participation rates across all adult age 
groups.3 In 2013, only 27 percent of adolescents met 
PAG recommendations; again, fewer girls than boys 
achieved recommended levels of physical activity.4 

It is important to note that self-reported data on 
physical activity participation rates are likely to have 
significant over-reporting bias.5 Using objective 
accelerometer data on a nationally representative 
sample, Troiano et al. demonstrated that the 
percentage of the population meeting PAG
recommendations was much lower than with self-
report. For example, when considering bouts of 
moderate- to vigorous-intensity aerobic physical
activity lasting 8 to 10 minutes or longer, less than 5 
percent of adults met 2008 PAG recommendations.5 

Nonetheless, some data indicate that Americans may
be increasing their level of physical activity. Over 
the past six years, consistent data show a minimal, 
but positive, trend (Tables D7.2a and D7.2b).3,6-8 
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Table D7.1. 2008 Physical Activity Guidelines for Americans: Key Recommendations. 

Recommendations for Children and Adolescents Ages 6 to 17 Years 
Children and adolescents should do 60 minutes (1 hour) or more of physical activity daily. 
x	 Aerobic: Most of the 60 or more minutes a day should be either moderate- or vigorous-intensity

aerobic physical activity, and should include vigorous-intensity physical activity at least 3 days a 
week.  

x Muscle-strengthening: As part of their 60 or more minutes of daily physical activity, children and 
adolescents should include muscle-strengthening physical activity on at least 3 days of the week. 

x Bone-strengthening: As part of their 60 or more minutes of daily physical activity, children and 
adolescents should include bone-strengthening physical activity on at least 3 days of the week. 

x It is important to encourage young people to participate in physical activities that are appropriate for 
their age, that are enjoyable, and that offer variety. 

Recommendations for Adults Ages 18 Years and Older 
x	 All adults should avoid inactivity. Some physical activity is better than none, and adults who 

participate in any amount of physical activity gain some health benefits. 
x	 For substantial health benefits, adults should do at least 150 minutes (2 hours and 30 minutes) a week

of moderate-intensity, or 75 minutes (1 hour and 15 minutes) a week of vigorous-intensity aerobic 
physical activity, or an equivalent combination of moderate- and vigorous intensity aerobic activity. 
Aerobic activity should be performed in episodes of at least 10 minutes, and preferably, it should be 
spread throughout the week. 

x	 For additional and more extensive health benefits, adults should increase their aerobic physical activity
to 300 minutes (5 hours) a week of moderate intensity, or 150 minutes a week of vigorous intensity
aerobic physical activity, or an equivalent combination of moderate- and vigorous-intensity activity. 
Additional health benefits are gained by engaging in physical activity beyond this amount. 

x	 Adults should also do muscle-strengthening activities that are moderate or high intensity and involve 
all major muscle groups on 2 or more days a week, as these activities provide additional health 
benefits.  

Recommendations for Older Adults 
The PAG recommendations for adults also apply to older adults. In addition, the following Guidelines are 
just for older adults (ages 65 years and older): 

x	 When older adults cannot do 150 minutes of moderate-intensity aerobic activity a week because of 
chronic conditions, they should be as physically active as their abilities and conditions allow. 

x	 Older adults should do exercises that maintain or improve balance if they are at risk of falling. 
x	 Older adults should determine their level of effort for physical activity relative to their level of fitness. 
x	 Older adults with chronic conditions should understand whether and how their conditions affect their 

ability to do regular physical activity safely. 
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Table D7.2a. Proportion of adults who self-report meeting the Physical Activity Guidelines for Americans
recommendations for aerobic and muscle-strengthening physical activity. 

3RSXODWLRQ ���� ���� ���� ���� 
$GXOW�7RWDO� ����� ����� ����� 
 

�����$GXOW�0DOH ����� ����� ����� 

�����$GXOW�)HPDOH ����� ����� ����� 
*   National Health Interview Survey, 2013 data unavailable at time of publication.

** Youth Risk Behavior Surveillance was not conducted in 2008 or 2012. 
 
 
Sources: Pleis, 2008; Pleis, 2009; Blackwell et al., 2014; CDC, 2010; CDC, 2014
 
 


Table D7.2b. Proportion of adolescents who self-report meeting the Physical Activity Guidelines for Americans
recommendations for aerobic physical activity. 

3RSXODWLRQ ���� ���� ���� ���� 
$GROHVFHQW�7RWDO� ** ����� ** 27.1% 

�����$GROHVFHQW�%R\V ����� 36.6% 

�����$GROHVFHQW�*LUOV ����� 17.7% 

*   National Health Interview Survey, 2013 data unavailable at time of publication.
** Youth Risk Behavior Surveillance was not conducted in 2008 or 2012. 
Sources: Pleis, 2008; Pleis, 2009; Blackwell et al., 2014; CDC, 2010; CDC, 2014 

To ensure sufficient discussion of physical activity for
the population across the life cycle, as well as its 
relationship with a range of health outcomes, the 
DGAC reviewed the three major Federal reports on
physical activity and health outcomes and selected 
specific questions for inclusion in this chapter.  The 
Committee did not conduct independent formal 
systematic reviews of the evidence. This chapter
summarizes the key evidence contained in these reports 
of the benefits of physical activity on health. Due to the
extensive nature and number of evidence reviews 
within the three reports, the Committee refers readers 
to specific information using hyperlinks in each review
of evidence found in this chapter. 

/,67�2)�48(67,216� 

3K\VLFDO�$FWLYLW\�DQG�+HDOWK�2XWFRPHV�LQ� 
&KLOGUHQ�DQG�$GROHVFHQWV� 

1.		 What is the relationship between physical activity, 
body weight, and health outcomes in children and 
adolescents? 

3K\VLFDO�$FWLYLW\�DQG�+HDOWK�2XWFRPHV�LQ� 
$GXOWV� 

2.		 What is the relationship between physical activity
and body weight? 

3.		 What is the relationship between physical activity
and cardiorespiratory health? 

4.		 What is the relationship between physical activity
and metabolic health and risk of type 2 diabetes? 

5.		 What is the relationship between physical activity
and musculoskeletal health? 

2015 Dietary Guidelines Advisory Committee Report 360 



 

 
 

 
 

 

 
 

 

  
 

 
 

 

 

 

 
 

  

 

 
 
 

 

 

 

 
 

 
 

   
 

 

 
 

 

 
 

 
 

 

 

 
 

 

 

 

 
 

 
 

 

 

 
 

 

 

 

 
 

 
 

 

 

 
 

 

 

 

6.		 What is the relationship between physical activity
and incidence of breast and colon cancer? 

7.		 What is the relationship between physical activity
and mental health? 

3K\VLFDO�$FWLYLW\�DQG�+HDOWK�2XWFRPHV�LQ� 
3HRSOH�ZLWK�'LVDELOLWLHV� 

8.		 What is the relationship between physical activity
and health outcomes in people with disabilities? 

3K\VLFDO�$FWLYLW\�DQG�+HDOWK�2XWFRPHV�'XULQJ� 
3UHJQDQF\�DQG�WKH�3RVWSDUWXP�3HULRG� 

9.		 Does being physically active during pregnancy and 
the postpartum period provide health benefits? 

3K\VLFDO�$FWLYLW\�DQG�$GYHUVH�(YHQWV� 

10. What is the relationship between the amount and
type of physical activity and the risk of adverse
events? 

3K\VLFDO�$FWLYLW\�'RVH� 

11. What dose of physical activity is most likely to 
provide health benefits in children and 
adolescents? 

12. What dose of physical activity is most likely to 
provide health benefits in adults?

13. Are there any special considerations for dose of
physical activity for older adults? 

3K\VLFDO�$FWLYLW\�,QWHUYHQWLRQV�LQ�&KLOGUHQ�DQG� 
$GROHVFHQWV� 

14. What is the relationship between physical activity
participation and interventions in school-based 
settings? 

15. What is the relationship between physical activity
participation and interventions to change the built 
environment? 

16. What is the relationship between physical activity
participation and interventions based in home 
settings? 

17. What is the relationship between physical activity
participation and interventions based in early care 
and education centers? 

18. What is the relationship between physical activity
participation and interventions based in primary
health care settings? 

0(7+2'2/2*<� 

The DGAC agreed to use existing systematic reviews 
and reports to address the physical activity topic area. 
The Committee used the PAG and two related 
reports²the Physical Activity Guidelines Advisory 
Committee Report, 2008 (PAGAC) and the Physical 
Activity Guidelines for Americans Midcourse Report² 
as primary sources of evidence1,2,9 and discussed at its 
public meetings questions that could be developed to 
IUDPH�WKH�UHSRUWV¶�NH\�ILQGLQJV��7KH�'*$&�UHYLewed 
and extracted information on the methodological 
approaches from each report and identified key
findings. The DGAC then carried forward verbatim
conclusion statements from the PAGAC Report and
PAG Midcourse Report and concurred with 2008 PAG
recommendations to answer the questions. The DGAC 
subsequently assigned strength of evidence grades and,
based on the various report findings and conclusions, 
developed an overall physical activity implications 
statement. Below is a brief description of each of the 
three reports. 

Physical Activity Guidelines Advisory Committee
Report, 2008. In 2007, the Secretary of HHS appointed
a 13-member Physical Activity Guidelines Advisory
Committee and charged them with reviewing existing
scientific literature to identify areas where sufficient
evidence existed to develop a comprehensive set of
specific physical activity recommendations and 
highlight areas where further scientific research was 
needed.1 The PAGAC conducted systematic searches 
of the scientific literature on physical activity and 
selected health outcomes in people ages 5 years and 
older. Similar to the 2010 and 2015 DGAC, the 
PAGAC developed analytic frameworks for each 
question and examined a diverse array of literature 
representing a number of study designs, including
randomized controlled trials (RCTs), non-randomized 
trials, prospective cohort studies, case-control studies, 
and other observational studies. For each topic area, the 
PAGAC used the best available and most appropriate
body of evidence to answer specific questions. One of
WKH�3$*$&¶V�PDMRU�JRDOV was to integrate the 
scientific information on the relationship between 
physical activity and health and to summarize it in a 
manner that could be used effectively by HHS to 
develop the Physical Activity Guidelines for Americans
and related policy statements.  
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Physical Activity Guidelines for Americans, 2008. In  
2008, HHS issued the PAG, which provides science-
based guidance to help Americans ages 6 years and 
older improve their health through appropriate physical 
activity.2 The 2008 PAG is designed to provide 
information and guidance on the types and amounts of
physical activity that provide substantial health 
benefits. The primary audiences for the PAG are 
policymakers, health professionals, and interested 
members of the public.  

Physical Activity Guidelines for Americans Midcourse
Report: Strategies to Increase Physical Activity Among
Youth. In spring 2012, HHS convened a subcommittee 
of the President¶V�&RXQFLO�RQ�)LWQHVV��6SRUWV�	 � 
Nutrition to review the evidence on strategies to 
increase youth physical activity and make
recommendations. The Physical Activity Guidelines for 
Americans Midcourse Report, released in 2013, is 
intended to identify interventions that can help increase 
physical activity in youth across a variety of settings.9 

The subcommittee used a review-of-reviews approach 
to assess the current literature on interventions to 
increase physical activity in youth across five selected 
settings: schools, preschool and childcare centers,
community, family and home, and primary health care. 
A total of 31 reviews covering 910 studies were 
examined. In its report, the subcommittee expanded the
3$*¶V�DJH�IRFXV�RQ�WKRVH�DJHV���\HDUV�DQG�ROGHU�WR�
include children ages 3 to 5 years. 

Overall, the DGAC concurs with the findings and 
evidence grades of the Physical Activity Guidelines 
Advisory Committee Report, 2008; the 2008 Physical 
Activity Guidelines for Americans; and the Physical 
Activity Guidelines for Americans Midcourse Report: 
Strategies to Increase Physical Activity Among 
Youth.1,2,9 These reports state that being physically
active is one of the most important steps that people of 
all ages can take to improve and maintain their health. 

3+<6,&$/�$&7,9,7<�$1'�+($/7+�
287&20(6�,1�&+,/'5(1�$1'�
$'2/(6&(176� 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\��ERG\�ZHLJKW��DQG�KHDOWK� 
RXWFRPHV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV"� 

6RXUFH�RI�(YLGHQFH: Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that strong evidence demonstrates that the 
physical fitness and health status of children and 
adolescents is substantially enhanced by frequent 
physical activity. Compared to inactive young people,
physically active children and adolescents have higher 
levels of cardiorespiratory endurance and muscular 
strength, and well documented health benefits include 
lower body fatness, more favorable cardiovascular and
metabolic disease risk profiles, enhanced bone health, 
and reduced symptoms of anxiety and depression. 
These conclusions are based on the results of 
prospective observational studies in which higher 
levels of physical activity were found to be associated
with favorable health parameters as well as
intervention studies in which exercise treatments 
caused improvements in physical fitness and various 
health-related factors. DGAC Grade: Strong 

5HYLHZ�RI�(YLGHQFH� 

A body of RCTs, non-randomized trials, prospective 
cohort studies, case-control studies, other observational 
studies, and meta-analyses support the relationship 
between physical activity and physical fitness (i.e., 
cardiorespiratory fitness and muscular strength), 
healthy body weight and composition, cardio-metabolic
health, bone health, and mental health (i.e., anxiety and
depression). 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

x 
x 

Physical fitness, see Part G. Section 9: Youth 
Body weight and composition, see Part G.
Section 9: Youth 

x Cardio-metabolic health, see Part G. Section 9:
Youth 

x 
x 

Bone health, see Part G. Section 9: Youth 
Mental health, see Part G. Section 9: Youth 
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3+<6,&$/�$&7,9,7<�$1'�+($/7+�
287&20(6�,1�$'8/76� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�ERG\�ZHLJKW"� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�FDUGLRUHVSLUDWRU\�KHDOWK"� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�PHWDEROLF�KHDOWK�DQG�ULVN� 
RI�W\SH���GLDEHWHV"� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�PXVFXORVNHOHWDO�KHDOWK"� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�LQFLGHQFH�RI�EUHDVW�DQG� 
FRORQ�FDQFHU"� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�PHQWDO�KHDOWK"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that compared to less active people, physically
active adults and older adults exhibit a higher level of 
cardiorespiratory and muscular fitness, healthier body
weight and body composition, and a biomarker profile 
that is more favorable for preventing cardiovascular
disease (CVD) and type 2 diabetes and enhancing bone
health. In addition, there is an association between 
higher levels of physically activity in adults and older 
adults and lower rates of all-cause mortality, coronary
heart disease, high blood pressure, stroke, type 2 
diabetes, metabolic syndrome, colon cancer, breast 
cancer, and depression. High-intensity muscle-
strengthening activity enhances skeletal muscle mass, 
strength, power, and intrinsic neuromuscular activation.
Physically active adults who are overweight or obese 
experience a variety of health benefits that are 
generally similar to those observed in physically active
people of ideal body weight. Physical activity reduces 
risk of depression and is associated with lower risk of 
cognitive decline in adults and older adults. Physical 
activity is associated with higher levels of functional 

health and a lower risk of falling in older adults. 
DGAC Grade: Strong 

In older adults with existing functional limitations, 
fairly consistent evidence indicates that regular
physical activity is safe and has a beneficial effect on 
functional ability. Consistent evidence indicates that 
physically active adults and older adults have better 
quality sleep and health-related quality of life. DGAC 
Grade: Moderate 

5HYLHZ�RI�(YLGHQFH� 

A body of well-designed prospective cohort studies, 
case-control studies, and other observational studies
exists for the relationship between regular physical 
activity and lower risk of all-cause mortality; coronary
heart disease (CHD), CVD, and stroke; type 2 diabetes;
metabolic syndrome, body weight, and body
composition; bone health; functional health; cancer; 
and mental health. A body of RCTs and meta-analyses 
provides evidence for a positive effect of physical 
activity on blood pressure, atherogenic dyslipidemia, 
and cardiorespiratory fitness; body weight and body
composition; bone health and muscular strength; falls 
risk; mental health; and type 2 diabetes. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

x 

x 

x 

All-cause mortality, see Part G, Section 1: All-
cause Mortality 
Coronary heart disease (CHD), CVD, and 
stroke; blood pressure, atherogenic
dyslipidemia, and cardiorespiratory fitness, see 
Part G, Section 2: Cardiorespiratory Health 
Type 2 diabetes, see Part G, Section 3:
Metabolic Health 

x Metabolic syndrome, see Part G, Section 3: 
Metabolic Health 

x 

x 

Body weight and body composition, see Part 
G, Section 4: Energy Balance 
Bone health and muscular strength, see Part G,
Section 5: Musculoskeletal Health 
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x Functional health and falls risk, see Part G, musculoskeletal health and select functional health and 
Section 6 mental health outcomes. DGAC Grade: Strong 

x	 Cancer, see Part G, Section 7 
x	 Mental Health, see Part G, Section 8 

3+<6,&$/�$&7,9,7<�$1'�+($/7+�
287&20(6�,1�3(23/(�:,7+�
',6$%,/,7,(6� 

4XHVWLRQ����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�DQG�KHDOWK�RXWFRPHV�LQ� 
SHRSOH�ZLWK�GLVDELOLWLHV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that for people with physical disabilities, strong
evidence shows that exercise can increase 
cardiorespiratory, musculoskeletal, and mental health 
outcomes; and for people with cognitive disabilities, 
strong evidence shows that exercise can improve 

For people with physical disabilities, moderate 
evidence indicates that physical activity improves a 
variety of functional health outcomes and reduces the 
effects of certain types of secondary conditions (i.e., 
pain and fatigue associated with the primary disability); 
and for people with cognitive disabilities, moderate
evidence indicates that physical activity improves 
cardiorespiratory health outcomes, musculoskeletal
fitness, and metabolic health, and helps maintain
healthy weight. DGAC Grade: Moderate 

For people with physical disabilities, limited evidence 
suggests physical activity may promote a healthy
weight and improve metabolic health, and for people 
with cognitive disabilities, limited evidence suggests 
that physical activity may reduce secondary conditions. 
DGAC Grade:  Limited 

Based on these conclusions from the 2008 PAGAC, the 
PAG provided recommendations on physical activity
for people with disabilities (Table D7.3). The DGAC
concurs with these recommendations. 

Table D7.3. PAG Recommendations for Adults with Disabilities. 

�	 Adults with disabilities, who are able to, should get at least 150 minutes a week of moderate-intensity, 
or 75 minutes a week of vigorous-intensity aerobic activity, or an equivalent combination of 
moderate- and vigorous-intensity aerobic activity. Aerobic activity should be performed in episodes 
of at least 10 minutes, and preferably, it should be spread throughout the week. 

�	 Adults with disabilities, who are able to, should also do muscle-strengthening activities of moderate 
or high intensity that involve all major muscle groups on 2 or more days a week, as these activities 
provide additional health benefits.  

�	 When adults with disabilities are not able to meet the Guidelines, they should engage in regular
physical activity according to their abilities and should avoid inactivity. 

�	 Adults with disabilities should consult their health-care provider about the amounts and types of
physical activity that are appropriate for their abilities. 

�
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5HYLHZ�RI�(YLGHQFH�	 4XHVWLRQ����'RHV�EHLQJ�SK\VLFDOO\�DFWLYH�
 

A body of RCTs, meta-analyses, and non-randomized 
trials provides evidence on physical activity in people 
with physical and cognitive disabilities. Non-
randomized trials were included in the review of 
evidence for this question due to the high variability of 
physical and cognitive disabilities considered. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

Physical and cognitive disabilities, see Part G,
Section 11: Understudied Populations. Review 
of the Science: Health Outcomes Associated 
with Physical Activity in People With 
Disabilities (pages G11-2 to G11-35) 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 

3+<6,&$/�$&7,9,7<�$1'�+($/7+�
287&20(6�'85,1*�35(*$1&<�$1'�
7+(�32673$5780�3(5,2'� 

GXULQJ�SUHJQDQF\�DQG�WKH�SRVWSDUWXP�SHULRG� 
SURYLGH�KHDOWK�EHQHILWV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that while the benefits of maternal physical 
activity have clearly been demonstrated, there is a lack
of prospective, randomized intervention studies in 
diverse populations. Based on current evidence, unless 
there are medical reasons to the contrary, a pregnant 
woman can begin or continue a regular physical 
activity program throughout gestation, adjusting the 
frequency, intensity, and time as her condition 
warrants. Very little evidence exists for the dose of
activity that confers the greatest health benefits to 
women during pregnancy and the postpartum period. In
the absence of data, it is reasonable for women during
pregnancy and the postpartum period to follow the 
moderate-intensity physical activity recommendations 
set for adults unless specific medical concerns warrant
a reduction in activity. DGAC Grade: Limited 

Based on these conclusions from the 2008 PAGAC, the 
PAG provided recommendations on physical activity
for women who are pregnant or in the postpartum
period (Table D7.4). The DGAC concurs with these 
recommendations. 

Table D7.4. PAG Recommendations for Women During Pregnancy and the Postpartum Period. 

�	 Healthy women who are not already highly active or doing vigorous-intensity activity should get at
least 150 minutes of moderate-intensity aerobic activity a week during pregnancy and the 
postpartum period. Preferably, this activity should be spread throughout the week. 

�	 Pregnant women who habitually engage in vigorous-intensity aerobic activity or who are highly
active can continue physical activity during pregnancy and the postpartum period, provided that they
remain healthy and discuss with their health care provider how and when activity should be adjusted 
over time. 
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5HYLHZ�RI�(YLGHQFH� 

Laboratory investigations and observational studies 
provide evidence on physical activity during pregnancy
and the postpartum period. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

Pregnancy and the postpartum period, see Part 
G, Section 11: Understudied Populations. 
Review of the Science: Physical Activity
During Pregnancy and the Postpartum Period 
(pages G11-35 to G11-38) 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 

3+<6,&$/�$&7,9,7<�$1'�$'9(56(�
(9(176� 

4XHVWLRQ�����:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
WKH�DPRXQW�DQG�W\SH�RI�SK\VLFDO�DFWLYLW\�DQG� 
WKH�ULVN�RI�DGYHUVH�HYHQWV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that the benefits of regular physical activity
outweigh the inherent risk of adverse events. Risk of 
musculoskeletal injuries is lower for non-contact (e.g., 
walking) and limited contact (e.g., baseball) activities
than for contact (e.g., basketball) and collision (e.g., 
football) activities. The usual dose of regular physical
activity is directly related to the risk of musculoskeletal 
injury and inversely related to the risk of sudden 
adverse cardiac events. The risk of musculoskeletal 
injuries and sudden cardiac adverse events is directly
related to the size of the difference between the usual 
dose of activity and the new or momentary dose of
activity. The most consistently reported risk factor for 
musculoskeletal injuries and sudden cardiac adverse 
events is inactivity and low fitness. DGAC Grade: 
Strong 

Based on these conclusions from the 2008 PAGAC, the 
PAG provided recommendations on physical activity
and reducing the risk of adverse events (Table D7.5). 
The DGAC concurs with these recommendations. 

Table D7.5. PAG Recommendations for Reducing the Risk of Adverse Events. 

To do physical activity safely and to reduce risk of injuries and other adverse events, people should: 
x	 Understand the risks and yet be confident that physical activity is safe for almost everyone. 
x	 Choose to do types of physical activity that are appropriate for their current fitness level and health goals,

because some activities are safer than others. 
x	 Increase physical activity gradually over time whenever more activity is necessary to meet the guidelines 

or health goals. ,QDFWLYH�SHRSOH�VKRXOG�³VWDUW�ORZ�DQG�JR�VORZ´�E\�JUDGXDOO\�LQFUHDVLQJ�KRZ�RIWHQ�DQG�how 
long activities are done. 

x	 Protect themselves by using appropriate gear and sports equipment, looking for safe environments, 
following rules and policies, and making sensible choices about when, where, and how to be active. 

x	 Be under the care of a health care provider if they have chronic conditions or symptoms. People with 
chronic conditions and symptoms should consult their health care provider about the types and amounts of
activity appropriate for them. 
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5HYLHZ�RI�(YLGHQFH� 

A body of RCTs, meta-analyses, well-designed 
prospective cohort studies, and case control studies 
provides evidence on physical activity and risk of 
adverse events. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

Adverse events, see Part G, Section 10: 
Adverse Events 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 

3+<6,&$/�$&7,9,7<�'26(� 

4XHVWLRQ�����:KDW�GRVH�RI�SK\VLFDO�DFWLYLW\�LV� 
PRVW�OLNHO\�WR�SURYLGH�KHDOWK�EHQHILWV�LQ� 
FKLOGUHQ�DQG�DGROHVFHQWV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that substantial evidence indicates important 
health and fitness benefits can be expected to accrue to 
most children and adolescents who participate daily in 
60 or more minutes of moderate to vigorous physical 
activity. Also, certain specific types of physical activity
should be included in an overall physical activity
pattern in order for children and adolescents to gain 
comprehensive health benefits. These include regular
participation in each of the following types of physical
activity on 3 or more days per week: resistance 
exercise to enhance muscular strength in the large 
muscle groups of the trunk and limbs, vigorous aerobic
exercise to improve cardiorespiratory fitness and 
cardiovascular and metabolic disease risk factors, and 
weight-loading activities to promote bone health.
DGAC Grade: Strong 

Based on these conclusions from the 2008 PAGAC, the 
PAG provides recommendations on physical activity
for children and adolescents (Table D7.1). The DGAC
concurs with these recommendations. 

5HYLHZ�RI�(YLGHQFH� 

A body of RCTs, meta-analyses, non-randomized 
trials, well-designed prospective cohort studies, case-
control studies, and other observational studies 
supports the dose of physical activity most likely to 
provide health benefits in children and adolescents. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

x Children and adolescents, see Part G, Section 
9: Youth 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 

4XHVWLRQ�����:KDW�GRVH�RI�SK\VLFDO�DFWLYLW\�LV� 
PRVW�OLNHO\�WR�SURYLGH�KHDOWK�EHQHILWV�LQ� 
DGXOWV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008 

&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that for overall public health benefit, data from a 
large number of studies evaluating a wide variety of 
benefits in diverse populations generally support 30 to 
60 minutes per day of moderate- to vigorous-intensity
physical activity on 5 or more days of the week. For a 
number of benefits, including all-cause mortality, 
coronary heart disease, stroke, hypertension, and type 2 
diabetes in adults and older adults, lower risk is 
consistently observed at 2.5 hours per week of 
moderate- to vigorous-intensity activity. The amount of
moderate- to vigorous-intensity activity most 
consistently associated with significantly lower rates of
colon and breast cancer and the prevention of 
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unhealthy weight gain or significant weight loss by
physical activity alone is in the range of 3 to 5 hours 
per week. The available evidence suggests that the 
major health benefits of physical activity and the dose 
needed for major health benefits are similar for all 
adults, regardless of race or ethnicity. For a variety of 
health and fitness outcomes, including chronic disease
prevention, improvement of various disease biomarkers 
and the maintenance of a healthy weight, reasonably
strong evidence demonstrates that amounts of 
moderate- to vigorous-intensity activity that exceed 
150 minutes per week are associated with greater 
health benefits. DGAC Grade: Strong 

Based on these conclusions from the 2008 PAGAC, the 
PAG provides recommendations on physical activity
for adults ages 18 years and older (Table D7.1). The 
DGAC concurs with these recommendations. 

5HYLHZ�RI�(YLGHQFH� 

A body of well-designed prospective cohort studies and 
case control studies provides evidence on physical 
activity dose most likely to provide health benefits in 
adults. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

Adults, see Part E: Integration and Summary of 
the Science (pages E-23 to E-24) 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 

4XHVWLRQ�����$UH�WKHUH�DQ\�VSHFLDO� 
FRQVLGHUDWLRQV�IRU�GRVH�RI�SK\VLFDO�DFWLYLW\�IRU� 
ROGHU�DGXOWV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
Advisory Committee Report, 2008
&RQFOXVLRQ� 

The DGAC concurs with the 2008 PAGAC, which
found that, because the exercise capacity of adults 

tends to decrease as they age, older adults generally
have lower exercise capacities than younger persons. 
Thus, they may need a physical activity plan that is of 
lower absolute intensity and amount (but similar in 
self-perceived relative intensity and amount) than is 
appropriate for more fit people, especially when they
have been sedentary and are starting an activity 
program.  

For older adults at risk of falling, strong evidence exists
that regular physical activity is safe and reduces falls 
by about 30 percent. Most evidence supports a program 
of exercise with the following characteristics: 3 times 
per week of balance training and moderate-intensity
muscle-strengthening activities for 30 minutes per 
session and with additional encouragement to 
participate in moderate-intensity walking activities 2 or
more times per week for 30 minutes per session. Some 
evidence, albeit less consistent, suggests that tai chi 
exercises also reduce falls. Successful reduction in falls 
by tai chi interventions resulted from programs 
conducted from 1 to 3 hours or more per week. No
evidence indicates that planned physical activity
reduces falls in adults and older adults who are not at 
risk of falls. DGAC Grade: Strong 

Based on these conclusions from the 2008 PAGAC, the 
PAG provides recommendations on physical activity
for adults ages 65 years and older (Table D7.1). The 
DGAC concurs with these recommendations. 

5HYLHZ�RI�(YLGHQFH� 

A body of RCTs, meta-analyses, and non-randomized 
trials provides evidence on physical activity dose in
older adults. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines 
Advisory Committee Report, 2008 at 
http://www.health.gov/paguidelines/Report/pdf/Commi
tteeReport.pdf.  

For evidence reviews on: 

x	 Older adults, see Part E: Integration and 
Summary of the Science (pages E-23 to E-24) 

For additional details about the PAG 
recommendations, visit: 
http://www.health.gov/paguidelines/pdf/paguide.pdf. 
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3+<6,&$/�$&7,9,7<�,17(59(17,216�
)25�&+,/'5(1�$1'�$'2/(6&(176� 

4XHVWLRQ������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�SDUWLFLSDWLRQ�DQG� 
LQWHUYHQWLRQV�LQ�VFKRRO�EDVHG�VHWWLQJV"� 

4XHVWLRQ������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�SDUWLFLSDWLRQ�DQG� 
LQWHUYHQWLRQV�WR�FKDQJH�WKH�EXLOW�HQYLURQPHQW"� 

4XHVWLRQ������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�SDUWLFLSDWLRQ�DQG� 
LQWHUYHQWLRQV�EDVHG�LQ�KRPH�VHWWLQJV"� 

4XHVWLRQ������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�SDUWLFLSDWLRQ�DQG� 
LQWHUYHQWLRQV�EDVHG�LQ�HDUO\�FDUH�DQG� 
HGXFDWLRQ�FHQWHUV"� 

4XHVWLRQ������:KDW�LV�WKH�UHODWLRQVKLS�EHWZHHQ� 
SK\VLFDO�DFWLYLW\�SDUWLFLSDWLRQ�DQG� 
LQWHUYHQWLRQV�EDVHG�LQ�SULPDU\�KHDOWK�FDUH� 
VHWWLQJV"� 

6RXUFH�RI�(YLGHQFH� Physical Activity Guidelines 
for Americans Midcourse Report: Strategies to 
Increase Physical Activity Among Youth 

&RQFOXVLRQ� 

The DGAC concurs with the Physical Activity 
Guidelines for Americans Midcourse Report: 
Strategies to Increase Physical Activity Among Youth,
which found that multi-component school-based 
interventions that include strategies such as physical 
education, active transportation, and activity breaks can 
increase physical activity in children and adolescents 
during school hours. DGAC Grade: Strong 

Reasonably consistent evidence suggests that changing
the built environment as well as interventions in early
care and education centers can increase physical 
activity in children and adolescents. DGAC Grade: 
Moderate 

Evidence to date is insufficient to conclude that 
intervention strategies in home or primary health care 
settings increase physical activity in children and 
adolescents. DGAC Grade: Grade Not Assignable 

5HYLHZ�RI�(YLGHQFH� 

A body of systematic reviews and meta-analyses 
supports interventions to increase physical activity in 
children and adolescents. 

For additional details on this body of evidence, visit: 
Appendix E-2.49 and Physical Activity Guidelines for 
Americans Midcourse Report: Strategies to Increase 
Physical Activity Among Youth at 
http://www.health.gov/paguidelines/midcourse/pag­
mid-course-report-final.pdf.  

For evidence reviews on: 

x	 School-based interventions, see School Setting
(pages 9 to 14) 

x	 Early care and education interventions, see 
Preschool and Childcare Center Setting (page 
15) 

x Built environment interventions, see 
Community Setting (pages 16 to 18) 

x Home-based interventions, see Family and 
Home Setting (page 19) 

x Primary care interventions, see Primary Health 
Care Setting (pages 20 to 21) 

,03/,&$7,216� 

Given the strong evidence for health benefits of regular
physical activity as well as the low levels of adherence
to national recommendations, every effort should be
made to encourage and facilitate programs at multiple 
levels so that children, adults, and older adults can 
meet the 2008 PAG in combination with the Dietary 
Guidelines for Americans. This can be achieved if 
programs, policies, and communication strategies are 
developed across sectors to increase opportunities for 
engaging in physical activity and to improve the built 
environment. Ultimately, these actions can create a 
culture of health that facilitates participation in regular
physical activity. Individuals, communities, schools, 
health care, and the private and public sectors should: 

ͻ	 Ensure that all individuals have access to safe, 
affordable, and enjoyable modes of physical 
activity throughout the day in the environments 
where they live, learn, work, and play. These
opportunities must include structured programming
and informal modes of transportation and play. 
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ͻ	 Focus particular attention on people with the 
greatest health disparities, as these individuals have
the lowest physical activity participation rates but 
can gain the most health benefits by being
physically active. 

ͻ	 Support policies and promote programs for 
children, adolescents, adults, and older adults that 
help set and reinforce a personal value system that 
instills a lifetime of physical activity. 

ͻ	 Enact effective policies and strengthen existing
policies within schools, communities, health care 
settings, housing, and worksites that promote 
opportunities for regular physical activity. 

ͻ	 Enact effective policies and strengthen existing
policies that promote active transport (e.g., walking
and bicycling) within and between communities. 

ͻ	 Develop and promote programs to create or 
enhance access to safe and enjoyable places to be 
physically active, including public spaces and
local, state, and national parks. 

ͻ	 Develop and implement ongoing physical activity
promotion campaigns that involve high-visibility
and multiple delivery channels and multiple sectors 
of influence. 

ͻ	 Coordinate efforts between numerous Federal and 
non-Federal initiatives, such as WKH�3UHVLGHQW¶V�
Council on Fitness, Sports and Nutrition, Let’s 
Move!, the National Physical Activity Plan, and
Active Schools Acceleration Project. 

&+$37(5�6800$5<� 

The findings outlined in this chapter provide strong
evidence supporting the importance of regular physical 
activity for health promotion and disease prevention in 
the U.S. population. Physical activity is important for 
all people²children, adolescents, adults, older adults, 
women during pregnancy and the postpartum period, 
and individuals with disabilities. The findings further 
provide guidance on the dose of physical activity
needed across the lifecycle to realize these significant 
health benefits.  

Future Physical Activity Guidelines Advisory
Committees will be asked to carefully review the most
recent evidence so that the Federal government can 
fully update the PAG. Given the exceedingly low
physical activity participation rates in this country, it 
will be critically important for the next PAGAC to 

identify proven strategies and approaches to increase 
population-level physical activity across the lifespan. 

1(('6�)25�)8785(�5(6($5&+� 

1.		 Evaluate best practices in programming at the 
community and national level and identify which 
local and national policies in the public and private
sector have demonstrated the greatest effect on 
increasing physical activity participation across the 
lifespan, especially in populations with the greatest 
health disparities. 

Rationale: Physical activity participation rates are 
exceptionally low across all age groups, and are 
especially low in individuals with the greatest 
health disparities. Many different initiatives are 
currently underway in the private and public sector 
to help increase physical activity on a population 
level. Understanding which programs and policies 
are having the greatest impact will help focus 
valuable resources and national recommendations 
for maximum public health benefit. 

2.		 Identify the dose of physical activity needed to 
achieve health benefits, as well as appropriate 
growth and development, for children younger than 
age 6 years. 

Rationale: Until recently, very little effort has 
been focused on understanding the health benefits 
of physical activity for young children. Given that
this is a critical age of growth and development, 
considerable research should be focused on this age 
group. 

3.		 Evaluate the effects of various modes and doses of 
physical activity on health outcomes in older 
adults.� 

Rationale: Older adults are the fastest growing
segment of the population. They also have the 
greatest burden of disease and functional (mental
and physical) limitations. To reduce burden of 
disease and related economic impacts, research 
regarding mode and dose of physical activity
should be focused on this age group. 

4.		 Further evaluate the importance of light activity, 
short bouts of physical activity (i.e., 10-minutes or 
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less) and modes of activity on health outcomes 
across the lifespan. � 
� 
Rationale: The review of the evidence in the 2008 
PAGAC Report focused primarily on moderate-
and vigorous-intensity activity. Emerging research 
highlights the positive effects of light activity as 
well as shorter bouts of vigorous activity on health 
outcomes. Understanding the health impact of the 
full range of mode, intensity, duration, frequency, 
and setting will help to further refine the PAG to 
support maximum public health benefit. 
� 

5.	 Further investigate the effects of sedentary
behaviors on health outcomes, including duration, 
frequency, and mode of sedentary activities.� 
� 
Rationale: Increasing evidence demonstrates the 
negative health consequences of sedentary
behaviors. Clarity on the types and duration of
sedentary behaviors that have the most negative 
health impact would help to identify meaningful 
evidence-based public health recommendations. 

5()(5(1&(6� 
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1.		 Expand What We Eat In America (WWEIA), 
National Health and Nutrition Examination Survey
(NHANES) participation to include more
respondents from race/ethnic minorities and non-
U.S. born residents. 

Rationale: Very little is known about the dietary
habits of many of the cultural subgroups in the 
United States. This knowledge is essential to 
moving forward any nutrition programs for first 
and second generation immigrants. More data on 
the impact of acculturation also are needed on food
and health behaviors. The number of participants in 
WWEIA, NHANES using the derived 
acculturation variable was too small for any
analysis. Finally, ³Hispanic´ is a very broad term
and a better understanding is needed of the 
nutritional profiles (including shortfalls and 
excesses) across various Spanish-speaking people 
in the United States, who come from different 
cultural backgrounds with distinct eating patterns. 

2.		 Include higher proportion of older Americans as
respondents in WWEIA, NHANES. 

Rationale: More data are needed on dietary intake 
of older adults; the sample sizes in WWEIA were 
too small for any meaningful analyses for those 
older than the age of 71 years. In addition to 
nutrient intake, additional information is needed on
whether older adults are able to shop and cook, 
whether polypharmacy plays a role in nutritional 
adequacy, and whether co-morbidities, such as 
poor dentition, musculo-skeletal difficulties,
arthralgias and other age-related symptoms, affect 
their ability to establish and maintain proper 
nutritional status. 

3.		 Increase the number of pregnant women as 
respondents in WWEIA, NHANES. 

Rationale: The number of pregnant women in 
WWEIA, NHANES is currently too small to
properly evaluate the status and trends in food and 
nutrient intake in pregnant women. Since good 
nutrition in pregnancy is critical to proper growth 
development of the infant it is critical to properly
evaluate food and nutrient intake, which will 
inform recommendations and public policies for 
pregnant women. 

4.		 Conduct research on nutrition transitions from 
childhood to shed light on how and why dietary
intake changes so rapidly from early childhood 
through pre-adolescence and adolescence, and to 
identify the driving forces behind dietary intake 
change in these age groups and what programs are 
most effective at maintaining positive nutrition
habits established in very young children. 

Rationale: Young children have better dietary
intake than older children and adolescents. It is 
important to maintain the positive gains made in
early childhood and identify factors responsible for 
the declines in intakes of fruit, dairy, and other 
food groups and increases in added sugars and 
refined grains as children enter the elementary
school age years, as poor eating patterns in 
elementary school seem to persist into adolescence 
and beyond. 

5.		 Evaluate the effects of common variations in 
dietary patterns in small children on nutrient 
intakes. 

Rationale: Children from 2 to 4 years of age have 
a highly variable diet and often do not fit readily
into the USDA Food Pattern food groups diet 
pattern analyses. Further information is needed to 
understand the broad range of diets and supplement
use in small children and how this relates to 
nutrient intake and growth. Research is needed to 
better characterize their diets so that appropriate 
guidance can be offered. 
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6.		 Increase the quantity and quality of food 
composition databases available for research.  

Rationale: Accurate assessment of nutrient intake 
and trends over time in the U.S. population is 
dependent upon the quality of food composition
data. Tens of thousands of foods are available for 
purchase and consumption in the United States, but
accurate nutrient content data are available only for 
less than 10,000 foods and are almost non-existent
for many ready-to-eat and restaurant-type foods. 
Analytic values from foods are needed on specific 
nutrients and components, such as vitamin D, fiber, 
added sugars, and sodium. Improved food 
composition data also is critical for needed 
research to better define, identify, and quantify
total grain, whole grain consumption, and refined 
grain consumption in dietary studies. 

7.		 Investigate the validity, reliability, and 
reproducibility of new biomarkers of nutrient 
intake and biomarkers of nutritional status. 

Rationale: Limited biomarkers are available and 
some that are available are difficult to interpret due 
to other contributing factors to the biomarker 
measure (e.g., vitamin D is obtained in the diet and 
is also endogenously synthesized). 

8.		 Evaluate effects of fortification strategies and 
supplement use on consumer behavior related to 
the intake of foods and supplements containing key
nutrients, including calcium, vitamin D, potassium, 
iron, and fiber. 

Rationale: The intake of key nutrients of concern 
is considerably affected by the rapidly evolving
marketplace of food fortification and 
supplementation. Understanding consumer 
behavior related to fortification and 
supplementation would be important in predicting
the effects of interventions and marketplace 
changes in content of these nutrients. Special 
interest exists regarding fortification strategies of
foods, including whole grains and yogurts, in 
allowing individuals to reach the RDA for vitamin 
D without using supplements. Data are needed on 
how supplements may help meet nutrients 
shortfalls and/or how use of supplements may
place individuals at risk of overconsumption. 

Research on effective consumer guidance is 
needed. 

9.		 Understand the rationale for and consequences of 
the use of supplements above the UL for vitamins 
and minerals. Identify biochemical markers that 
would indicate the effects of high-dose supplement 
use. 

Rationale: Consumer use of high-dose 
supplements has increased. Understanding the 
influences guiding this use would be helpful in
considering how to educate consumers about safe 
upper intake limits. 

10. Develop a standardized research definition for 
meals and snacks.  

Rationale: Multiple different criteria are used in 
studies to define a snack or meal occasion, such as 
time of day, the types or amounts of food 
consumed, or subjective assessment by the study
respondent. Researchers should work toward a 
consensus on the use of standard definitions. 

11. Understand better the concept of dietary patterns 
and design approaches to quantify the diet in large 
population-based studies. 

Rationale: More methodological work on dietary
patterns is needed. For example, food frequency
questionnaires, which are used in most diet 
assessment studies, do not capture data on meal 
timing, meal frequency, or the types of foods 
consumed together. Studies using diet recalls and 
records are better at capturing specific foods and
their quantities consumed (portion sizes) and the 
types of foods eaten together, but often these 
detailed assessment methods are not feasible for 
large population-based studies. Quantification of
food group intake is needed. In addition, dietary
patterns research encompasses a broader scope of
issues than can be addressed by diet scores and 
data drive approaches. 
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12. Consistently report the nutrients, foods, and food 
groups that are used to evaluate dietary patterns in 
published studies. 

Rationale: The current scientific literature 
evaluating dietary patterns and health is
inconsistent in its provision of dietary patterns 
composition information. This makes it difficult to
compare, across studies, the components of 
healthful patterns that are associated with health 
benefits. 

13. Conduct population surveillance on the prevalence 
and trends of nutrition-related chronic diseases 
including type 2 diabetes, cardiovascular disease, 
some cancers osteoporosis and neurocognitive 
disorders.  

Rationale: Current data on diabetes in adults 
cannot be stratified by disease type (type I or type 
II), making it very difficult to monitor incidence 
and prevalence of type 2 diabetes. Continued 
population surveillance is needed to effectively
link nutritional factors with risk of these diseases.  

&+$37(5����',(7$5<�3$77(516��)22'6�
$1'�1875,(176��$1'�+($/7+�
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1.		 Conduct additional dietary patterns research for 
other health outcomes to strengthen the evidence
beyond CVD and body weight in populations of
various ethnic backgrounds and life course stages 
in order for future DGACs to draw stronger 
conclusions. 

Rationale: The NEL systematic reviews 
demonstrated that considerable CVD research 
related to dietary patterns is available. However, it
also is important to note, that unlike CVD, some of 
the other health outcomes are more heterogeneous 
and thus may require greater specificity in the 
examination of diet and disease risk. There is a 
clear need for all studies examining the relationship 
between dietary patterns and health outcomes to 
include the full age spectrum and to take a life 
course perspective (including pregnancy); 
insufficient research is being devoted to children 
and how diseases may evolve over time. An
increased emphasis should be placed on 

understanding how the diets of all those in the U.S. 
population from various ethnic backgrounds may
be associated with health outcomes, thereby
broadening knowledge beyond Hispanics and 
African Americans to include the diversity that 
exists in the United States today. This may require
our national nutrition monitoring programs to 
oversample individuals from other national origins 
to conduct subgroup analysis. 

2.	  Improve the understanding of how to more 
precisely characterize dietary patterns by their food 
constituents and the implications of the food 
constituents on nutrient adequacy through the use 
of Food Pattern Modeling. More precise 
characterization, particularly of protein foods, is 
needed. 

Rationale: Researchers are characterizing dietary
patterns very differently and yet sometimes use 
similar nomenclatures. This makes it difficult to 
compare results across studies and as demonstrated 
in the NEL systematic reviews, can impair the 
grading of the body of evidence as strong. The 
reason why researchers are not replicating others 
findings in different populations may be a function
of publication bias. It is important for editors of
scientific journals and peer reviewers to appreciate 
the replication of findings first and then value a 
UHVHDUFK�JURXS¶V�PHWKRGRORJLFDO�QXDQFH�WKDW�PD\�
improve the examination of the association 
between dietary patterns and a health outcomes. 
Perhaps what should be stressed is a harmonization 
of research methods across various cohorts or 
randomized trials, similar to what is being done at 
WKH�1DWLRQDO�&DQFHU�,QVWLWXWH¶V�'LHWDU\�3DWWHUQV�
Methods Project led by Drs. Krebs-Smith and 
Reedy. The use of Food Pattern Modeling as 
demonstrated in Chapter 1 allows questions about 
the adequacy of the dietary patterns given specific 
food constituents to be addressed and how 
modifications of the patterns by altering the foods 
for specific population groups or to meet specific 
nutrient targets can be achieved. 
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3.		 Examine the long-term cardio-metabolic effects of 
the various dietary patterns identified in the 
AHA/ACC/TOS Guidelines for the Management of
Overweight and Obesity in Adults that are capable 
of resulting in short-term weight loss (see Question 
2, above). 

Rationale: Although the research to date 
demonstrates that to lose weight, a variety of 
dietary pattern approaches can be used if a 
reduction in caloric intake is achieved, the long­
term effects of these diets on cardio-metabolic 
health are not well known. Emerging research is 
exploring health effects of variations of the low-
carbohydrate, higher protein/fat dietary pattern. In
some approaches (such as Atkins), the dietary
pattern which emphasizes animal products, may
achieve a macronutrient composition that is higher 
in saturated fat. Others may emphasize plant-based 
proteins and fats and may achieve a lower saturated 
fat content and may be higher in polyunsaturated 
fats and dietary fiber. Research is needed to
determine the impact of these alternative 
approaches, and perhaps others, on CVD risk
profiles as well as other health outcomes. As
mentioned in the review of the literature associated 
with saturated fat and cardiovascular disease in 
Chapter 6: Cross-Cutting Topics of Dietary 
Guidance and Public Health Importance,
substituting one macronutrient for another may
result in unintended consequences. Careful 
consideration to the types of foods that are used in
these diets and in particular the type of fat and 
amount of added sugars should be taken into
account.  

&+$37(5����,1',9,'8$/�',(7�$1'�
3+<6,&$/�$&7,9,7<�%(+$9,25�&+$1*(� 
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1.		 Develop a standard methodology to collect and
characterize various types of eating venues. 

Rationale: This recommendation is fundamental to 
conducting rigorous research, evaluating findings 
from multiple studies, and developing policies to 
promote healthy eating among people who frequent 
eating out venues and/or consume take away meals. 

2.		 Conduct rigorously designed research to examine 
the longitudinal impact of obtaining or consuming
meals away from home from various types of 
commonly frequented venues on changes in food 
and beverage intakes (frequency, quantity, and 
composition), body weight, adiposity, and health 
profiles from childhood to adulthood in diverse
(racial/ethnic, socioeconomic, cultural, and 
geographic) groups of males and females. 

Rationale: Most groups in the U.S. population 
regularly consume meals that are prepared away
from home and the landscape of fast food and other 
types of food procurement and consumption venues 
is increasingly complex. The potential for eating out 
and/or take away meals to influence diet quality, 
energy balance, body mass and composition, and the 
risks of health-related morbidities across the life 
course among our diverse population underscores 
the importance of understanding this issue. 

)DPLO\�6KDUHG�0HDOV� 

3.		 Conduct studies in diverse populations that assess 
not only frequency of family shared meals, but also 
quality of family shared meals. 

Rationale: Our understanding of the importance of 
family shared meals in terms of how they contribute 
in a positive way to body weight and overall health 
and well-being requires a rigorous examination of 
the dietary quality of these meals compared to other 
meals consumed by family members. 

4.		 Conduct RCTs to isolate the effect of interventions 
that increase the frequency of family meals from
other health and parenting behaviors that may be 
associated with dietary intake and weight status. 

Rationale:  Family shared meals are commonly
implemented as one component of lifestyle 
interventions that include an array of other 
behavioral and parenting strategies for weight 
management. To improve our understanding of the 
causal pathway of how family shared meals 
contributes to maintaining or achieving a healthy
weight, the specific contribution of family shared 
meals to weight outcomes independent of other 
behavioral strategies needs to be ascertained. 
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5.		 Develop improved and better standardized and 
validated tools to assess sedentary behaviors and 
activities that children, adolescents, and adults 
regularly engage in. 

Rationale: Our understanding of the impact of 
sedentary behaviors on diet, energy balance, body
mass, adiposity, and health is currently
compromised by reliance on subjective assessments, 
including self-reports of daily activity patterns, and 
by inadequate techniques to document and quantify
the array of sedentary activities people engage in 
(beyond TV viewing and (or) computer screen 
time). It also would be beneficial for researchers to 
document the potential benefits and implications of 
reducing one type of sedentary behavior (e.g., screen 
time) on other sedentary behaviors (e.g., reading for 
leisure, arts and crafts, listening to music) and 
indices of health (e.g., sleep quality and duration). 

6.		 Conduct prospective research to examine the 
effects and mechanisms of the quantity, patterns, 
and changes of sedentary behaviors on diet quality, 
energy balance, body weight, adiposity, and health 
across the life span in groups within the U.S.
population with diverse personal, cultural, 
economic, and geographic characteristics. 

Rationale: Emerging, but limited, evidence 
implicates sedentary behaviors with adverse health-
related outcomes, especially in children and 
adolescents as they transition into adulthood. 
However, an improved understanding of why these 
relationships exist will help in developing
appropriate and effective approaches and policies to 
reduce the amount of time people spend engaging in 
sedentary behaviors. 

6HOI�0RQLWRULQJ� 

7.		 Evaluate the impact of different types, modalities, 
and frequencies of self-monitoring on body weight 
outcomes during both the weight loss intervention 
and maintenance periods. 

Rationale: Self-monitoring is associated with 
improved weight management. However, the current 
practice of recommending daily self-monitoring 

may represent a barrier to its implementation and/or 
continued use. Hence, it is important to determine 
whether lower frequencies of self-monitoring can 
produce beneficial effects on weight outcomes. 

8.		 Evaluate the comparative effectiveness of
performance feedback from self-monitoring
delivered through automated systems versus 
personal interactions with a counselor. 

Rationale: Automated feedback derived from self-
monitoring data and delivered electronically can 
produce beneficial changes on weight outcomes. 
However, the comparative effectiveness and cost 
efficiency of feedback delivered through non-
personal modalities versus personal interactions has 
yet to be determined. 

9.		 Test the effectiveness of self-monitoring on weight 
outcomes in understudied groups, including
ethnic/racial minorities, low education, low
literacy, and low numeracy populations, males, and 
subjects younger than age 30 years and older than 
age 60 years. 

Rationale: Evidence regarding the effectiveness of 
self-monitoring has been derived largely from
research conducted on well educated, middle-class, 
white women. Hence, it is important to determine 
whether the beneficial effects of self-monitoring on 
weight outcomes are generalizable to understudied 
groups. 

10. Conduct RCTs based on sound behavioral change 
theories that incorporate self-monitoring, employ
heterogeneous populations, and are powered for 
small effect sizes and high attrition rates, to test the 
short- (e.g., 3 months) and long-term (e.g., 12 
months) effects of mobile health technologies on 
dietary and weight outcomes. 

Rationale: Mobile health technologies have the 
potential to reach larger portions of the populations 
than face-to-face interventions, but the effect sizes 
of mobile technologies may be small and the 
attrition rates may be large. Larger, more 
representative study populations and longer study
periods will permit an assessment of the 
generalizability and sustainability of mobile health 
technologies.  
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11. Develop novel labeling approaches to provide 
informative strategies to convey caloric intake 
values on food items consumed at home and in 
restaurant settings. 

Rationale: Menu labels can include different types 
of information in addition to calories. These include 
physical activity equivalents, and daily caloric 
needs. Very few studies have been designed to 
examine the optimal combination of menu label 
information to prevent excessive caloric intake. This 
will be very valuable evidence to inform the calorie 
label policy that has just been enacted by the FDA. 

12. Compare labeling strategies across various settings, 
such as restaurants, stores, and the home to
determine their efficacy in altering food selection 
and health outcomes, including weight. 

Rationale: The great majority of menu labeling 
RCT's have been conducted under laboratory
conditions. Given the recent FDA regulations, future 
studies will be able to impact the effectiveness of 
these polices across settings as accessed by diverse 
free living populations.  

13. Evaluate the process and impact of recent FDA
menu labeling regulation. 

Rationale: The new FDA regulation provides a 
unique opportunity to understand the impact of 
menu labeling on consumers dietary behaviors in 
"real world" settings. 

+RXVHKROG�)RRG�,QVHFXULW\� 

14. Conduct prospective cohort studies that cover a 
wide age range and include children, families, 
older adults, and ethnically/racially diverse
populations and describe potential effect modifiers 
such as gender, ethnic and cultural factors, family
structure, area of residence (i.e., urban vs. rural), 
employment, and use of social support systems 
while examining the relationship between 
household food insecurity, dietary intake, and body
weight. 

Rationale: Understanding the temporal process of 
when and how long food insecurity occurs within a 
IDPLO\�LQGLYLGXDO¶V�OLIHWLPH�DQG�WKHLU�Uesponse to
this economic stressor is critical to conducting
rigorous research and comparing finding across 
studies in order to develop and implement 
intervention studies and policies to alleviate this 
public health problem. 

15. Standardize research methodology, including
developing a consistent approach to measuring
food insecurity and use of measured height and 
weight to reduce the likelihood of responder bias. 

Rationale: The measurement error issues related to 
the use of self-reported weight have been well 
documented in the literature. In order to conduct 
rigorous studies in this area that can be compared 
and evaluated as to the causal nature of the role of 
food insecurity on body weight, standard 
methodology is warranted both in the measurement 
of the exposure as well as the outcome. 

$FFXOWXUDWLRQ�� 
16. Conduct prospective longitudinal studies, including

those that start in early childhood to track dietary
intake, sedentary behaviors, body weight, and 
chronic disease outcomes across the life course. 
Include the diversity of ethnic/racial groups in the 
United States, including individuals and families of 
diverse national origins. Include comparison 
groups in countries of origin to rule out, among
other things, the potential confounding by internal 
migration from rural to urban area within the 
country of origin. 

Rationale: Acculturation is a time-dependent life 
course process that requires longitudinal studies to 
be properly understood. Because the impact of
acculturation on dietary, weight and health 
outcomes can be expected to be modified by the 
life course stage of life when individuals migrate to 
the United States, prospective acculturation studies
need to start following individuals from very early
childhood. 
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17. Develop a standard tool to measure acculturation or
validation of multidimensional acculturation scales 
in different immigrant groups and in different 
languages. 

Rationale: Acculturation is a complex construct 
that is seldom measured with multidimensional 
scales that can capture the different paths that 
migrants can take with regards to the acculturation 
process, including assimilation, integration, 
segregation, and marginalization. Although 
research in acculturation measurement has been 
conducted among Hispanic/Latinos, it has been 
predominantly based on Mexican American
populations and little acculturation measurement 
research has been conducted among other groups, 
including individuals from Asia, Africa, Europe,
and the Middle East. 

6OHHS�3DWWHUQV� 

18. Conduct prospective studies that start in childhood 
(including transition to adulthood), to investigate
the longitudinal effect of sleep patterns on diet and 
body weight outcomes while accounting for 
confounders, mediators, and moderators including: 
physical activity, socioeconomic variables (such as 
education, employment, household income), sex, 
alcohol intake, smoking status (including new 
smoker, new non-smoker), media use/screen time, 
and depression. 

Rationale: While research associates short sleep 
duration and disordered sleep patterns with adverse 
differences and changes in food and beverage 
consumption, body weight, and indices of metabolic 
and cardiovascular health, less is known about the 
impact of potential modifying lifestyle factors. This
research will help delineate the role of sleep 
patterns, duration and quality, i.e., mediator or 
moderator, on diet and weight-related outcomes. 
Research in children shows that sleep deprivation 
and weight are related but this relationship is not 
apparent in adult studies. This may be due to the fact 
that energy intake increases during transition to 
short sleep duration, but levels off when short sleep 
duration becomes consistent. 

19. Conduct studies to assess the effects of diet on 
sleep quality to examine the mechanism by which 
dietary intake, energy intake, and energy
expenditure may impact sleep.  

Rationale: Most research has focused on sleep 
quality and duration as modifying factors on diet, 
body weight, and health. A paucity of research 
exists on the potential impact of diet on sleep-related 
outcomes. This line of research would use diet as the 
means to improve indices of sleep, which in turn 
may subsequently improve health-related outcomes. 

&+$37(5����)22'�(19,5210(17�$1'�
6(77,1*6� 

1.		 Develop more valid and reliable methods for
measuring all aspects of the food environment, 
including the total food environment of
communities. These methods can then be used to 
assess the impact of the food environment on 
community health as well as on economic 
development and growth. 
Rationale: The food environment has become 
more complex, with more and more retail outlets
selling food and beverages. Having valid and 
reliable methodologies for a variety of food 
environments and settings (tools and new 
analytical approaches) will allow more meaningful 
inquiry into the contributions of various settings in 
supporting or hindering nutritional health. 

2.		 Identify, implement, evaluate, and scale up best
practices (including private-public partnerships) for 
affordable and sustainable solutions to improving
the food environment and increasing food access, 
especially in those environments of greatest need. 
Rationale: The environments in which people live, 
work, learn, and play greatly influence their food 
intake. To best guide efforts to improve the food 
environment, research is needed to identify and 
evaluate best practices to direct available resources
to new programs and scale up. 
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3.		 Identify, implement, accelerate, evaluate, and scale 
up programs that improve access to healthy food 
and that can be integrated seamlessly with Federal 
nutrition assistance programs, such as SNAP, WIC 
and elder nutrition. 
Rationale: Federal nutrition assistance programs 
reach individuals and populations with the greatest
health disparities. Identifying and evaluating
initiatives that integrate improvements in the food 
environment with Federal programs will help 
ensure that Federal nutrition assistance programs 
have as great an impact as possible. 

4.		 Conduct additional obesity prevention intervention 
research in child care settings (e.g., child-care 
centers, family child-care homes) to: 1) Identify the 
most potent components of the interventions and 
the optimal combinations for improving diet 
quality, physical activity, and weight outcomes; 2)
Assess implementation and translation costs and 
benefits of the intervention, including impact, cost-
effectiveness, generalizability and reach, 
sustainability and feasibility; 3) Develop and 
evaluate culturally appropriate and tailored 
interventions for preschool children in low-income 
and racial/ethnic communities, given the 
disproportionate impact of obesity in these groups; 
4) Explore intervention strategies on how to use
child care settings as access points to create 
linkages to parents, caretakers, and health care
providers as partners in health promotion; 5)
Evaluate the impact of Federal, state, and local 
policies, regulations, and support (e.g., provider 
training and technical assistance) for child care 
programs on the eating and physical activity
practices and behaviors, and weight status of young
children. 

Rationale: Early care and education settings are an 
important venue for interventions targeting young
children. A strong evidence base is essential to 
identify and support evidence-based practices and
policies that can be implemented at Federal, state, 
and local levels and to mobilize efforts to improve 
healthy eating and physical activity, leading to 
healthy weight development in these settings. 
Interventions found to effectively reduce risk of 
obesity in one setting need to be appropriately
adapted for diverse groups and different settings. 

5.		 Improve intervention research methods by the use 
of stronger study designs and the development of
standardized assessments of body composition, 
weight status. Develop enhanced validated 
measures of diet quality, feeding and physical 
activity practices, and physical activity and eating
behaviors and policies. Create standardized 
measures to assess the nutrition quality of meals 
and snacks in child care settings, as well as the 
food and physical activity environments. Create 
standardized methods for assessing the relationship 
of child care food, nutrition and physical activity-
related measures to similar measures representing
non-child care time are needed to provide greater 
consistency in determining the contributors to the 
development and progression of childhood
overweight and obesity. 

Rationale: Although many of the studies included 
in these evidence reviews were methodologically
strong and were controlled studies, some were 
limited by small sample size, lack of adequate 
control for confounding factors, and different 
outcome measures and different tools used to 
measure the outcome variables. 

6.		 Examine the effect of the recommended Child and 
Adult Care Food Program (CACFP) through 
ongoing periodic evaluations and fill gaps in the 
knowledge regarding participation, demand, food
procurement and practices, nutrient intake, and 
food security. 

Rationale: Improvements in school meals and the 
school food environment have been fostered by
national data from periodic studies such as the 
USDA/FNS School Nutrition Dietary Assessment 
Studies (SNDA), the HHS/CDC School Health
Policies and Practices Studies (SHPPS) and the 
HHS/NIH C.L.A.S.S. In contrast, considerably
fewer periodic national studies are conducted of
meals and dietary intake in child care settings and 
their relation to the child care food and physical 
activity environment. 
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7.		 Conduct new research to document the types and 
quantities of foods and beverages students
consume both at school and daily outside of school, 
before, during, and after school-based healthy
eating approaches and policies are implemented. 

Rationale: Effective school-based approaches and 
policies to improve the availability, accessibility, 
and consumption of healthy foods and beverages, 
and reduce competition from unhealthy offerings, 
are central to improving the weight status and 
health of children and adolescents. Accurate 
quantification of the types and quantities of foods 
and beverages the students consume before, during, 
and after approaches and policies are implemented 
is fundamental to assessing effectiveness. 
However, many of the studies included in the 
systematic reviews and meta-analyses used by the 
DGAC to address this issue did not 
comprehensively measure or report dietary
information. Although the USDA/FNS-sponsored
School Nutrition Dietary Assessment (SNDA)
series collects student dietary intake data every 10 
years, the DGAC recommends more frequent and 
consistent data collection, especially before and 
periodically after implementation of school-based 
nutrition and physical activity policy and program
changes. 

8.		 Improve the quality of research studies designed to 
assess the effects of school-based approaches and 
policies on dietary behaviors and body weight 
control to reduce the risk of bias, with an emphasis 
on randomized controlled trials. 

Rationale: Although the methodological quality of 
the systematic reviews and meta-analyses used by
the DGAC to evaluate school-based approaches 
and policies on dietary intake and body weight 
outcomes was high, the authors of these reviews
commented that the scientific quality of individual 
studies was generally poor and the risk of bias
high. Many of the studies were done using quasi-
experimental (with or without control), pre-post
intervention, or cross-sectional designs. Future 
research should prioritize using prospective, 
repeated measures, randomized controlled trial 
experimental designs, with randomization at the 
individual, classroom, school, or school district
level. Pilot feasibility studies also may be helpful 
to quickly identify promising novel approaches to 

improve dietary intake and weight control

outcomes. 
 
 

9.		 Conduct post-program follow-up assessments 
lasting longer than 1 year to determine the long­
term retention of the changed nutrition behaviors as 
well as the usefulness of continuing to offer the 
programs while children advance in school grade. 
Also, research is needed in adolescents (grades 9­
12). 

Rationale: Literature supports that eating and 
physical activity behaviors and body weight status 
of children predict changes over time as they
progress into adolescence and adulthood. Ideally, 
improvements in dietary intake and weight status 
achieved due to a given school-based approach or 
policy would be sustained over time and 
progressive improvements would occur long-term. 
The vast majority of published research focuses on 
children in grades K-8, or ages 4-12 years, and new 
and improved data are needed on adolescents and 
the transition from childhood to adolescence. 

10. Encourage a wider variety of school-based 
approaches and policies to develop and evaluate 
innovative approaches focused on increasing
vegetable intakes. 

Rationale: Consumption of non-potato vegetables 
is below 2010 Dietary Guidelines for Americans
recommendations in both children and adolescents. 
Published research indicates that school-based 
approaches and policies designed to increase 
vegetable and fruit intakes are generally more 
effective at increasing fruit intake, except for ± 
school gardens and economic incentives, which 
increase vegetable intake among school-aged 
children. Some past public policies (e.g. the Basic 
4) treated fruit and vegetables and as a single food 
group, which props the need for new research that 
uses prospective, repeated measures, and 
randomized controlled trial experimental designs to
specifically target increased consumption of 
healthy vegetables. 
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11. Conduct assessments of the effectiveness of 
worksite interventions that emphasize obesity
prevention and weight control among workers 
across racially/ethnically diverse populations, blue 
and white collar employees, and at-risk
populations. Scientifically rigorous studies 
(especially randomized controlled trials)
addressing the long-term health impact of
worksite-based approaches and policies that 
improve employee diet, physical activity, and body
weight control would have public health relevance.  

Rationale: In light of the high rates of obesity and 
overweight, worksite interventions targeting
obesity prevention and weight control through 
enhanced dietary behaviors and increased physical 
activity among workers is important. The majority
of the studies to date have been conducted for 
relatively short periods of time, and the long-term
impact of these approaches and policies may prove 
beneficial. 

&+$37(5����)22'�6867$,1$%,/,7<�$1'�
6$)(7<� 

'LHWDU\�3DWWHUQV�DQG�6XVWDLQDELOLW\� 

1.		 Conduct research to determine whether sustainable 
diets are affordable and accessible to all sectors of 
the population and how this can be improved, 
including how policy strategies could influence the 
supply chain (all steps from farm to plate) to affect
this improvement. 

Rationale:  Ensuring that sustainable diets are
accessible and affordable to all sectors of the 
population is important to promote food security. 

2.		 Develop, conduct, and evaluate in-depth analyses 
of U.S. domestic dietary patterns and determine the 
degree to which sustainability practices,
domestically and internationally, are important to 
food choice and how to increase public awareness 
of the impact of food choices on environmental
outcomes. 

Rationale: Understanding consumer choice across
demographic groups and the degree to which either 
health and/or sustainability is a significant 
decisional criterion as well as the degree to which 

choice theory can be used to improve choices will 
be important to helping drive change. 

3.		 Develop a robust understanding of how production 
practices, supply chain decisions, consumer 
behaviors, and waste disposal affect the 
environmental sustainability of various practices 
across the USDA food components of MyPlate. 

Rationale: Developing sustainable production and
supply chain practices for all parts of MyPlate, 
especially meat and dairy products will be 
important to reduce their environmental impact. 

4.		 Determine the potential economic benefits and
challenges to supply chain stakeholders in 
relationship to findings in Research 
Recommendation 3. 

Rationale: Experience demonstrates that many
practices over the past few decades that improve 
the environmental footprint of, for example, 
production practices, also have led to improved 
profit (e.g., Integrated Pest Management to reduce 
pesticide use in many fruit and vegetables). It is 
important to know how changes will affect profit to 
help enable future policy in both the private and
public spheres. 

6HDIRRG�6XVWDLQDELOLW\� 

5.		 Conduct research on methods to ensure the 
maintenance of nutrient profiles of high-trophic 
level farmed seafood and improve nutrient profiles 
of low-trophic farmed seafood concurrently with
research to improve production efficacy. 

Rationale: The evidence supporting healthfulness 
of seafood consumption is based on consumption 
of predominantly wild caught species. Many
popular low-trophic level farmed seafood have 
nutrient profiles that depend on feeds. Efficient 
production of seafood with nutrient profiles that are 
known to be healthful should be emphasized. 

6.		 Conduct research to develop methods to ensure 
contaminant levels in all seafood remain at levels 
similar to or lower than at present. Maintain 
monitoring of contaminant levels for capture
fisheries to ensure that levels caused by pollution 
do not rise appreciably. This research should 
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include developing effective rapid response 
approaches if the quality of seafood supply is
acutely affected. 

Rationale: Current research findings support the 
contention that contaminant levels are generally
well below those that significantly alter the 
healthfulness of seafood. As industry naturally
improves efficiency, feeds and environmental 
conditions should be monitored to maintain or 
reduce priority contaminants and insure significant 
new contaminants do not enter the seafood supply. 

8VXDO�&DIIHLQH�&RIIHH�,QWDNH� 

7.		 Evaluate the effects of coffee on health outcomes 
in vulnerable populations, such as women who are 
pregnant (premature birth, low birth weight, 
spontaneous abortion). 

Rationale: Given the limited evidence of the 
effects of coffee/caffeine consumption on
pregnancy outcomes, future studies need to 
establish safe levels of coffee/caffeine consumption
during pregnancy. 

8.		 Examine the effects of coffee on sleep patterns, 
quality of life, and dependency and addiction. 

Rationale: Because coffee is a known stimulant, 
future research should examine the effect of 
coffee/caffeine on sleep quality, dependency, 
addiction, and overall quality of life measures. 

9.		 Evaluate the prospective association between 
coffee/caffeine consumption and cancer at different 
sites.  

Rationale: Large well-conducted prospective 
cohort studies that adequately control for smoking
(status and dosage) and other potential confounders
are needed to understand the association of coffee 
(caffeinated and decaffeinated) with cancer at
different sites. 

10. Examine prospectively the effects of
coffee/caffeine on cognitive decline, 
neurodegenerative diseases, and depression. 

Rationale: Neurodegenerative diseases affect 
millions of people worldwide and more than five 

million AmericDQV�DUH�OLYLQJ�ZLWK�$O]KHLPHU¶V�
disease. Given the limited evidence of 
coffee/caffeine on neurodegenerative diseases, 
well-designed prospective studies should examine 
the association of coffee/caffeine consumption on 
cognitive decline, depression, and AlzhHLPHU¶V� 
disease. 

11. Understand the mechanisms underlying the 
protective effects of coffee on diabetes and CVD.  

Rationale: Evidence for a biological plausibility
for coffee on risk of type 2 diabetes and CVD
stems primarily from animal studies. Randomized 
controlled trials in humans should evaluate the 
effect of coffee/caffeine on measures of glycemia, 
insulin sensitivity, endothelial dysfunction, and 
inflammation.  

12. Understand the association between coffee and 
health outcomes in individuals with existing CVD, 
diabetes, cancer, neurodegenerative diseases, or 
depressive symptoms. 

Rationale: Strong evidence supports a protective 
effect of moderate coffee consumption on chronic 
disease risk in healthy adults, but its association 
among those with existing diseases has been less 
studied. Given that a substantial number of people 
suffer from these chronic diseases, the role of 
coffee in preventing other health outcomes in such 
groups remains understudied. 

+LJK�GRVH�&DIIHLQH�,QWDNH� 

Define excessive caffeine intake and safe levels of 
consumption for children, adolescents, and young
adults. 

Rationale: Current research on caffeine and health 
outcomes has focused primarily on adults. Given 
the increasing prevalence of energy drink
consumption among children, adolescents, and 
young adults, research is needed to identify safe 
levels of consumption in these groups. 
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13. Determine the prevalence of excessive caffeine 

intake in children and adults beyond intake of 
energy drinks. 

Rationale: Data on the sources (other than energy
drinks) and doses of caffeine intake in children and 
adults are limited. Identifying the sources and safe 
levels of consumption will help in formulating
policy and framing recommendations. 

14. Examine the effect of excessive consumption of
caffeine and energy drinks on health outcomes in 
both children and adults. 

Rationale: Prospective studies of associations of
excessive caffeine and energy drink intake with 
health outcomes in children and adults are 
necessary, as randomized controlled trials are not 
feasible given ethical constraints. 

15. Conduct observational studies to examine the 
health effects of alcohol mixed with energy drinks. 

Rationale: In recent years, consumption of alcohol 
energy drinks by adolescents has resulted in 
emergency room admissions and deaths. No data
exist on the prospective association between 
consumption of alcohol energy drinks and health 
outcomes in both adolescents and adults. 

$VSDUWDPH� 

17. Examine the risks of aspartame related to some 
cancers, especially hematopoietic ones, and 
pregnancy outcomes.  

Rationale: Limited and inconsistent evidence 
suggests a possible association between aspartame
and risk of hematopoietic cancers (non-Hodgkin 
lymphoma and multiple myeloma) in men, 
indicating the need for long-term human studies. 
Additionally, limited and inconsistent evidence 
indicates a potential for risk of preterm delivery,
which warrants further research. 

&+$37(5����&5266�&877,1*�723,&6�2)�
38%/,&�+($/7+�,03257$1&(� 

1.		 Design and conduct studies with sufficient power 
to define the impact of improving dietary quality, 
including the lowering dietary sodium intake, on 
hypertension and relevant disease outcomes, 
including cardiovascular disease, stroke, peripheral 
vascular disease, kidney disease, and others. The 
interactions with patterns of therapeutic medication 
use (e.g., diuretics, antihypertensives, and lipid-
lowering) should be considered. 

Rationale: The current literature is incomplete, 
limited in power and durations, and often 
compromised by methodological challenges that 
must be addressed in well-designed studies with
relevant clinical outcomes. 

2.		 Assess the accuracy of 24-hour urine collections 
for sodium assessment in populations with 
different health conditions (e.g., diabetes, chronic 
kidney disease, heart failure, cardiovascular 
disease) and interactions with different patterns of
medication use (e.g., diuretics, antihypertensives).  

Rationale: If there is systematic error in sodium
assessment because individuals with various co-
morbidities who are taking medications 
systematically do not provide accurate urine 
collections, paradoxical findings between sodium
and health outcomes may be observed. 

3.		 Examine the effect of behavioral interventions, 
with novel approaches (e.g., flavorful recipes, 
cooking techniques) on adherence to dietary
sodium recommendations. 

Rationale: For decades, the population has 
exceeded dietary sodium intake recommendations. 
A public health approach that results in
reformulation of commercially processed foods to 
lower sodium content should be the primary
strategy for decreasing sodium intake in the U.S. 
population. However, individual support for public 
health policies will be needed to further document 
demand for changes in the sodium food 
environment. To this end, interventions that modify
individual knowledge, attitudes, and behaviors
around sodium intake should be evaluated. 

2015 Dietary Guidelines Advisory Committee Report 383 



 

 

  
 

 

  
 

 
 

 

 
 

  

 
 

 

 

 
 

 
 

 

 

  

 

   
 

  

 

 
 

 

 

 

 

 

4.		 Examine the effect of low sodium intake on taste 
preferences for sodium and healthy dietary
patterns.  

Rationale: It has been argued that populations 
desire higher levels of sodium intake and will 
inevitably revert to higher levels of sodium intakes 
after acute reductions in sodium intake. It has also 
been argued that after six weeks of reduced sodium
intake, taste preferences are modified such that 
higher sodium is no longer desirable. Studies are
needed to elucidate the effects of lowering sodium
intake on diet preferences. 

5.		 Document the relationship between portion size
and sodium intake. 

Rationale: These data are needed to inform 
whether dietary recommendations for sodium
should be adjusted for caloric intake. It is known 
that the absolute amount of sodium intake is highly
correlated with caloric intake. As a result, the 
absolute recommended amount of sodium is harder 
to achieve for a larger, high energy consuming
person than for a smaller, low energy consuming
person. The science to inform whether sodium
density confers different risk than absolute intake 
of sodium is limited because of methodologic 
limitations in surveys where both calories and 
sodium intake can be calculated. Furthermore, the 
existing correlation between sodium and calories 
may be an artifact of the current food supply. 

6.		 Determine the effects of replacement of saturated 
fat with different types of carbohydrates (e.g., 
refined vs. whole grains) on cardiovascular disease 
risk.  

Rationale: Most randomized controlled trials and 
prospective cohort studies compared saturated fat 
with total carbohydrates. It is important to 
distinguish different types of carbohydrates (e.g. 
refined vs. whole grains) in future studies.  

7.		 Examine the effects replacement of saturated fat
with polyunsaturated fat vs. monounsaturated fat
on cardiovascular disease risk.  

Rationale: Most existing studies have examined 
the effects of substituting PUFA for saturated fat
on cardiovascular disease risk. Future studies 

should also examine the potential benefits of 
substituting monounsaturated from plant sources 
such as olive oil and nuts/seeds for saturated fat on 
cardiovascular disease risk.  

8.		 Examine lipid and metabolic effects of specific oils
modified to have different fatty acid profiles (e.g. 
commodity soy oil (high linoleic acid) vs. high 
oleic soy oil). 

Rationale: As more modified vegetables oils 
become commercially available, it is important to 
assess their long-term health effects. In addition,
future studies should examine lipid and metabolic 
effects of plant oils that contain a mix of n-9, n-6, 
and n-3 fatty acids, as a replacement for animal fat,
on cardiovascular disease risk factors.  

9.		 Examine the effects of saturated fat from different 
sources, including animal products (e.g. butter, 
lard), plant (e.g., palm vs. coconut oils), and 
production systems (e.g. refined deodorized 
bleached vs. virgin coconut oil) on blood lipids and
cardiovascular disease risk.  

Rationale: Different sources of saturated fat 
contain different fatty acid profiles and thus, may
result in different lipid and metabolic effects. In
addition, virgin and refined coconut oils have
different effects in animal models, but human data 
are lacking. 

10. Conduct gene-nutrient interaction studies by
measuring genetic variations in relevant genes that 
will enable evaluation of effects of specific diets 
for individualized nutrition recommendations. 

Rationale: Individuals with different genetic 
background may respond to the same dietary
intervention differently in terms of blood lipids and 
other cardiovascular disease risk factors. Future 
studies should explore the potential role of genetic 
factors in modulating the effects of fat type 
modification on health outcomes. 
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11. Identify sources and names of added sugars and 
low-calorie sweeteners used in the food supply and 
quantify their consumption levels and trends in the 
U.S. diet. 

Rationale: It is unclear whether all food and 
nutrient databases capture all added sugars 
because: 1) added sugars have varied and 
inconsistent nomenclature and may not be 
recognized as added sugars in nutrient analyses;
and 2) many foods with added sugars have 
formulations considered proprietary by the 
manufacturers and for this reason actual added 
sugars content is difficult to obtain. Accurate 
assessment of added sugars in the U.S. diet is
needed to quantify the population level exposure 
and subsequent health risks from added sugars. The 
lack of information on the various added sugars in 
the food supply hinders efforts to make policy
about consumption. 

12. Conduct prospective research with strong
experimental designs and multiple measurements 
of the consumption of added sugars and low-
calorie sweeteners on health outcomes, such as
body weight, adiposity, and clinical markers of
type 2 diabetes and cardiovascular disease.  

Rationale: High heterogeneity exists among
published research with regard to the types and 
forms of added sugars and low-calorie sweeteners-
containing foods/beverages used for interventions, 
which precludes assessing the effects of specific 
added sugars and low-calorie sweeteners on body
weight, adiposity, and cardio-metabolic health in 
adults and children. Many studies use single 
baseline measurements of diet to reflect usual 
patterns and quantities of intake over time. New
research should emphasize assessments within the 
context of usual dietary intakes and patterns of 
food and beverage consumption in free-living
populations, along with specific added sugars and 
low-calorie sweeteners, especially those that are 
currently understudied. Large prospective studies
with repeated measurements of low-calorie 
sweeteners are needed to monitor their long-term
effects on cancer and other health outcomes. 

13. Design studies that emphasize assessments of
relationships between the intakes of added sugars 
and low-calorie sweeteners and body weight, 

adiposity, and cardio-metabolic health in diverse
sub-populations who are at high risk of obesity and 
related morbidities. 

Rationale: Insufficient evidence exists to assess 
the impact of added sugars and low-calorie 
sweeteners contained in foods and beverages on 
individuals from diverse populations who have
high risk for adverse health outcomes. These 
include (but are not limited to) different 
race/ethnicity groups; low income groups, 
especially those with food insecurity; groups who 
live in specific geographic locations with high 
prevalence of obesity (e.g. inner city, rural, and 
Southern regions of the United States); and age and 
sex groups (women, children, and elderly adults). 

14. Assess and improve approaches and policies to 
reduce the amount of added sugars in the food and
beverage supply as well as in school and 
community settings. 

Rationale: Results from this research would assist 
policy makers and the private sector in establishing
sustainable approaches and policies to limit the 
availability and consumption of added sugars. 
These approaches and policies would also be 
important for multi-component strategies to 
improve weight control and health among people 
living in the United States. 

15. Conduct consumer research to identify and test
elements of a standardized, easily understood front­
of-package label. 

Rationale: Research is needed to provide an 
evidence base to support the need and identify
critical elements of a front of package label. This is
particularly important to support the Food and 
Drug Administration in implementing a front-of­
package labeling system. 

� 
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1.		 Evaluate best practices in programming at the 
community and national level and identify which 
local and national policies in the public and private
sector have demonstrated the greatest effect on 
increasing physical activity participation across the 
lifespan, especially in populations with the greatest 
health disparities. 

Rationale: Physical activity participation rates are 
exceptionally low across all age groups, and are 
especially low in individuals with the greatest 
health disparities. Many different initiatives are 
currently underway in the private and public sector 
to help increase physical activity on a population 
level. Understanding which programs and policies 
are having the greatest impact will help focus 
valuable resources and national recommendations 
for maximum public health benefit. 

2.		 Identify the dose of physical activity needed to 
achieve health benefits, as well as appropriate 
growth and development, for children younger than 
age 6 years. 

Rationale: Until recently, very little effort has 
been focused on understanding the health benefits 
of physical activity for young children. Given that
this is a critical age of growth and development, 
considerable research should be focused on this age 
group. 

3.	 Evaluate the effects of various modes and doses of 
physical activity on health outcomes in older 
adults.� 
� 
Rationale: Older adults are the fastest growing
segment of the population. They also have the 
greatest burden of disease and functional (mental
and physical) limitations. To reduce burden of 
disease and related economic impacts, research 
regarding mode and dose of physical activity
should be focused on this age group.
� 

4.		 Further evaluate the importance of light activity, 
short bouts of physical activity (i.e., 10-minutes or 
less) and modes of activity on health outcomes 
across the lifespan. � 

Rationale: The review of the evidence in the 2008 
PAGAC Report focused primarily on moderate-
and vigorous-intensity activity. Emerging research 
highlights the positive effects of light activity as 
well as shorter bouts of vigorous activity on health 
outcomes. Understanding the health impact of the 
full range of mode, intensity, duration, frequency, 
and setting will help to further refine the PAG to 
support maximum public health benefit. 
� 

5.	 Further investigate the effects of sedentary
behaviors on health outcomes, including duration, 
frequency, and mode of sedentary activities.� 
� 
Rationale: Increasing evidence demonstrates the 
negative health consequences of sedentary
behaviors. Clarity on the types and duration of
sedentary behaviors that have the most negative 
health impact would help to identify meaningful 
evidence-based public health recommendations. 
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$SSHQGL[�(-���6XSSOHPHQWDU\� 
'RFXPHQWDWLRQ�WR�WKH������'*$&�5HSRUW 
The 2015 DGAC used a variety of scientifically pattern modeling analyses. These three approaches 
rigorous approaches to address its science-based allowed the Committee to ask and answer its questions 
questions. These approaches are described in  in a systematic, transparent, and evidence-based way.  
Part C. Methodology. Slightly more than one-third of 
the questions were answered using a state-of-the-art Appendix E-2 provides a list of supplementary 
systematic review process, and these reviews are documentation related to the existing sources of 
publically available in the Nutrition Evidence Library evidence and data analyses used by the Committee in 
(NEL) at www.NEL.gov. evidence reviews (see Appendix E-3 for USDA Food 

Patterns for Special Analyses). These sources are 
The remaining questions were answered using existing publically available online through active links within 
sources of evidence (including systematic reviews, this document at www.DietaryGuidelines.gov. 
meta-analyses, or reports), data analyses, and food 

&+$37(5����)22'�$1'�1875,(17�,17$.(6�$1'�+($/7+��&855(17�67$786�$1'�
75(1'6� 

NUTRIENTS OF CONCERN 
Appendix E-2.1	 	 	 Usual intake distributions, 2007-2010, by age/gender groups 

Appendix E-2.2	 	 	 Usual intake distributions as a percent of energy for fatty acids and macronutrients, 
2007-2010, by age/gender groups 

Appendix E-2.3	 	 	 Usual intake distributions for individuals age 71 and older, 2007-2010 

Appendix E-2.4	 	 	 Usual intake distributions, 2007-2010, for pregnant and non-pregnant women in 
the U.S. ages 19-50 years 

Appendix E-2.5	 	 	 Usual intake distributions for supplement users for folate, folic acid, vitamin D,
calcium, and iron, 2007-2010, by age/gender groups 

Appendix E-2.6	 	 	 Usual intake distributions for non-supplement users for folate, folic acid, vitamin 
D, calcium, and iron, 2007-2010, by age/gender groups 

FOOD CATEGORIES 
Appendix E-2.7	 	 	 Major categories and subcategories used in DGAC analyses of WWEIA Food 

Categories 

Appendix E-2.8	 	 	 Percent of total food group intake, 2009-2010, for U.S. population ages 2 years and 
older, from WWEIA Food Categories 

Appendix E-2.9	 	 	 Percent of total energy and nutrient intake, 2009-2010, for the U.S. population ages
2 years and older, from WWEIA Food Categories 

Appendix E-2.10 	 	 Percent of total energy intake, 2009-2010, for age/sex groups of the U.S. 
population from WWEIA Food Categories 
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Appendix E-2.11 	 	 Percent of total energy intake, 2009-2010, for racial/ethnic groups of the U.S. 
population, from WWEIA Food Categories 

Appendix E-2.12 	 	 Percent of total energy intake, 2009-2010, for age/income groups of the U.S. 
population, from WWEIA Food Categories 

EATING BEHAVIORS 
Appendix E-2.13 	 	 Percent of energy intake from major points of purchase and location of eating,

2003-04, 2005-06, 2007-08, and 2009-10, for the U.S. population ages 2 years and 
older 

Appendix E-2.14 	 	 Food group and nutrient content of foods per 1000 calories obtained from major 
points of purchase, 2003-2004, 2005-2006, 2007-2008, and 2009-2010 for the U.S. 
population ages 2 years and older 

Appendix E-2.15 	 	 Amount of key nutrients and food groups by age group per 1000 calories from
each major point of purchase, 2003-04, 2005-06, 2007-08, and 2009-10 

HEALTH CONDITIONS 
Appendix E-2.16	 	 	 Body mass index, adults ages 20 years and older, NHANES 2009-2012 

Appendix E-2.17 	 	 Body mass index, children and adolescents ages 2-19 years, NHANES 2009 -2012  

Appendix E-2.18 	 	 Total cholesterol and high density lipoprotein cholesterol (HDL), adults ages 20
years and older, NHANES 2009-2012  

Appendix E-2.19 	 	 Low density lipoprotein cholesterol (LDL-C) and triglycerides, adults ages 20 
years and older, NHANES 2009-2012   

Appendix E-2.20 	 	 Prevalence of high blood pressure, adults ages 18 years and older, NHANES 2009­
2012 

Appendix E-2.21 	 	 Total diabetes, adults ages 20 years and older, NHANES 2009 -2012  

Appendix E-2.22 	 	 Total cholesterol, high density lipoprotein cholesterol (HDL), and non-HDL­
cholesterol, children and adolescents ages 6-19 years, NHANES 2009-2012  

Appendix E-2.23	 	 	 Low density lipoprotein cholesterol (LDL-C) and triglycerides, adolescents ages 
12-19 years, NHANES 2009-2012  

Appendix E-2.24	 	 	 Prevalence of high and borderline high blood pressure (BP), children and 
adolescents ages 8-17 years, NHANES 2009-2012  

DIETARY PATTERNS   
Appendix E-2.25 	 	 Average Healthy Eating Index-2010  scores for Americans ages 2 years and older 

(National Health and Nutrition Examination Survey 2009-2010)  

�
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DIETARY PATTERNS AND RISK OF CARDIOVASCULAR DISEASE 
Appendix E-2.26 Evidence Portfolio 

DIETARY PATTERNS AND MEASURES OF BODY WEIGHT 
Appendix E-2.27 Evidence Portfolio 

DIETARY PATTERNS AND RISK OF TYPE 2 DIABETES 
Appendix E-2.28 Evidence Portfolio 

&+$37(5����)22'�(19,5210(17�$1'�6(77,1*6� 

SCHOOL-BASED APPROACHES AND DIETARY INTAKE  
Appendix E-2.29a Evidence Portfolio  

Appendix E-2.29b Search and Sort Plan 

SCHOOL-BASED POLICIES AND DIETARY INTAKE 
Appendix E-2.30 Evidence Portfolio  

Appendix E-2.29b Search and Sort Plan 

SCHOOL-BASED APPROACHES AND WEIGHT STATUS 
Appendix E-2.31 Evidence Portfolio  

Appendix E-2.29b Search and Sort Plan 

SCHOOL-BASED POLICIES AND WEIGHT STATUS 
Appendix E-2.32 Evidence Portfolio  

Appendix E-2.29b Search and Sort Plan 

WORKSITE-BASED APPROACHES AND DIETARY INTAKE 
Appendix E-2.33a Evidence Portfolio  

Appendix E-2.33b Search and Sort Plan 
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Appendix E-2.34 Evidence Portfolio  

Appendix E-2.33b Search and Sort Plan 

WORKSITE-BASED APPROACHES AND WEIGHT STATUS 
Appendix E-2.35 Evidence Portfolio  

Appendix E-2.33b Search and Sort Plan 

WORKSITE-BASED POLICIES AND WEIGHT STATUS 
Appendix E-2.36 Evidence Portfolio  

Appendix E-2.33b Search and Sort Plan 

&+$37(5����)22'�6867$,1$%,/,7<�$1'�6$)(7<� 

DIETARY PATTERNS AND FOOD SUSTAINABILITY 
Appendix E-2.37 Evidence Portfolio  

SEAFOOD AND SUSTAINABILITY 
Appendix E-2.38 Evidence Portfolio 

USUAL CAFFEINE CONSUMPTION AND HEALTH 
Appendix E-2.39a Evidence Portfolio  

Appendix E-2.39b Systematic Review/Meta-Analysis Data Table 

HIGH-DOSE CAFFEINE CONSUMPTION AND HEALTH 
Appendix E-2.40 Evidence Portfolio 

ASPARTAME CONSUMPTION AND HEALTH 
Appendix E-2.41 Evidence Portfolio 

�
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SODIUM AND BLOOD PRESSURE IN ADULTS 
Appendix E-2.42 Evidence Portfolio 

SATURATED FAT AND RISK OF CARDIOVASCULAR DISEASE 
Appendix E-2.43 Evidence Portfolio 

ADDED SUGARS AND LOW-CALORIE SWEETENERS 
Appendix E-2.44 Evidence Portfolio ± Added Sugars and Measures of Body Weight 

Appendix E-2.45 Evidence Portfolio ± Added Sugars and Risk of Type 2 Diabetes 

Appendix E-2.46 Evidence Portfolio ± Added Sugars and Dental Caries 

Appendix E-2.47 Evidence Portfolio ± Low-Calorie Sweeteners and Measures of Body Weight 

Appendix E-2.48 Evidence Portfolio ± Low-Calorie Sweeteners and Risk of Type 2 Diabetes 

&+$37(5����3+<6,&$/�$&7,9,7<� 

PHYSICAL ACTIVITY 
Appendix E-2.49 Existing Report Data Table 
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$SSHQGL[�(-���86'$�)RRG�3DWWHUQV�IRU�
6SHFLDO�$QDO\VHV 
The 2015 DGAC identified specific questions that they Seven modeling analyses requested by the Committee 
felt could best be addressed through a food pattern were completed by staff working closely with 
modeling approach, using the USDA Food Patterns and Subcommittee 1 members, and provided as reports for 
the modeling process developed to address similar the full Committee to consider. The food pattern 
requests by the 2005 and 2010 DGACs. The approach modeling analyses conducted for the 2015 DGAC are 
used for the 2015 DGAC food pattern modeling listed below. Full reports for each analysis are available 
questions is described in Part C: Methodology. online through active links within this document at

www.DietaryGuidelines.gov. 

(�����	 $GHTXDF\�RI�86'$�)RRG�3DWWHUQV�
How well do updated USDA food intake patterns meet IOM Dietary Reference Intakes and 
2010 Dietary Guidelines nutrient recommendations? How do the recommended amounts of 
food groups compare to current distributions of usual intakes for the American population? 

(�����	 )RRG�*URXS�&RQWULEXWLRQV�WR�1XWULHQWV�LQ�86'$�)RRG�3DWWHUQV�DQG�&XUUHQW�1XWULHQW�
 
,QWDNHV�

What is the contribution of whole grain foods and fruits and vegetables to (1) total fiber intake 
and (2) total nutrient intake in the USDA Food Patterns? What is the contribution of fruits and 
vegetables to current nutrient intake (focus on nutrients of concern, including fiber)? 

(�����	 0HHWLQJ�9LWDPLQ�'�5HFRPPHQGHG�,QWDNHV�LQ�86'$�)RRG�3DWWHUQV�
Can vitamin D EARs and/or RDAs be met with careful food choices following recommended 
amounts from each food group in the USDA Food Patterns? How restricted would food choices 
be, and how much of the vitamin D would need to come from fortified food products? 

(�����	 86'$�)RRG�3DWWHUQV²$GHTXDF\�IRU�<RXQJ�&KLOGUHQ�
How well do the USDA Food Patterns meet the nutritional needs of children 2 to 5 years of age 
and how do the recommended amounts compare to their current intakes?  Given the relatively
small empty calorie limit for this age group, how much flexibility is possible in food choices?  

(�����	 5HGXFLQJ�6DWXUDWHG�)DWV�LQ�WKH�86'$�)RRG�3DWWHUQV�
What would be the effect on food choices and overall nutrient adequacy of limiting saturated 
fatty acids to 6 percent of total calories by substituting mono- and polyunsaturated fatty acids? 

(�����	 'DLU\�*URXS�DQG�$OWHUQDWLYHV�
What would be the impact on the adequacy of the patterns if (1) no Dairy foods were 
consumed, (2) if calcium was obtained from nondairy sources (including fortified foods), and 
(3) if the proportions of milk and yogurt to cheese were modified? 

What is the relationship between changes in types of beverages consumed (milk compared with 
sugar-sweetened beverages) and diet quality? 

(�����	 'HYHORSLQJ�9HJHWDULDQ�DQG�0HGLWHUUDQHDQ�VW\OH�)RRG�3DWWHUQV�
Using the Food Pattern Modeling process, can healthy eating patterns for vegetarians and for 
those who want to follow a Mediterranean-style diet be developed? How do these patterns 
differ from the USDA Food Patterns previously updated for the 2015 DGAs? 
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$SSHQGL[�(����1+$1(6�'DWD�8VHG�LQ�
'*$&�'DWD�$QDO\VHV� 
Most of the DGAC data analyses used the National 
Health and Nutrition Examination (NHANES) data and 
its dietary component, What We Eat in America 
(WWEIA), NHANES (Zipf et al., 2013). These data
were used to answer questions about food and nutrient
intakes because they provide national and group level 
estimates of dietary intakes of the U.S. population on a 
given day as well as usual intake distributions. These
data contributed substantially to questions answered 
using data analyses. This appendix describes the 
NHANES data in greater detail. 

1+$1(6� 

NHANES consists of ongoing, comprehensive, cross-
sectional, population-based surveys designed to collect
data on health, nutritional status, and health behaviors
of the non-institutionalized civilian population living in
households in the United States. It is conducted by the
National Center for Health Statistics (NCHS) of the 
Centers for Disease Control and Prevention (CDC). 
NHANES has had a long history starting in the early
1960s (Zipf et al., 2013); it has been monitoring food 
and nutrient intake and nutritional status of the U.S. 
population since 1971, starting with NHANES I. Since 
then, several cycles of NHANES have been conducted 
as a series of cross-sectional surveys focusing on 
different population groups in terms of age and
race/ethnicity, or health topics. In 1999, NHANES 
became a continuous survey, sampling U.S. residents
of all ages, with a changing focus on a variety of health
and nutrition measurements to meet emerging needs. 
The goals of the continuous NHANES are to provide 
prevalence data on selected diseases and risk factors for 
the U.S. population; to monitor trends in selected 
diseases, behaviors, and environmental exposures; to 
explore emerging public health needs; and to maintain 
a national probability sample of baseline information 
on health and nutritional status of the U.S. household 
population (Zipf et al., 2013). 

NHANES has a complex, multi-stage, probability
sampling design and examines a nationally
representative sample of about 5,000 persons each 
year. In NHANES, certain subgroups have been 

periodically oversampled. These include low income, 
older Americans, infants and children, pregnant women 
and certain race/ethnic groups (e.g., Hispanics, 
including Mexican Americans, African Americans, and 
more recently, Asian Americans). The NHANES 
survey is unique because it combines personal 
interviews with standardized physical examinations 
and laboratory tests administered by a specially trained
staff that travels with the Mobile Examination Center 
(MEC) to survey sites selected to represent the U.S. 
population (Zipf et al., 2013). 

In the continuous NHANES, dietary intake is assessed
through two 24-hour recalls, administered by trained
dietDU\�LQWHUYLHZHUV�XVLQJ�WKH�86'$¶V�$XWRPDWHG�
Multiple Pass Method (AMPM) (Blanton et al., 2006)
through What We Eat in America (WWEIA). The first
24-hour recall (day 1) is collected in-person at the 
MEC and a subsequent 24-hour recall (day 2) is 
obtained 7 to 10 days later over the telephone. 
Information on dietary supplements consumed during
the 24-hour recall period is also collected. The 
strengths of the WWEIA, NHANES dietary data
include that because two 24-hour recalls are available 
in WWEIA, NHANES (from 2003 onwards), usual 
intake distributions can be estimated based on 
statistical techniques that reduce the effect of intra-
individual variation in food and nutrient intakes in 24­
hour recalls (Nusser et al. 1996; Tooze et al. 2006; 
Dodd et al. 2006). 

The WWEIA, NHANES dietary data are one of the few 
sources that can provide national estimates of total 
nutrient intake from diet and dietary supplements for 
the U.S. population. Moreover, dietary intakes can be
described by specific socio-demographic groups 
including race/ethnic groups, income status, and 
participation in Federal nutrition assistance programs 
(e.g., Supplemental Nutrition Assistance Program). 
Dietary data from WWEIA, NHANES can be linked to
thorough anthropometric, laboratory, and clinical 
evaluation data as well as health outcomes to examine 
cross-sectional associations at the national and large 
subgroup levels. It must be recognized that WWEIA,
NHANES dietary data are not designed for individual­
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   level assessment. These data can be useful to inform 
nutrition policy, but not sufficient by themselves to 
form policy recommendations.   

No single perfect method for assessing dietary intake 
information is available in surveys (Willett 1998; 
Gibson 2005; Berdainer et al., 2008) and different 
methods may be indicated for specific purposes 
(Willett 1998; Beaton et al., 1983; Berdainer et al.,
2008). NCHS has been actively involved in researching
and reviewing its data collection methods, including
dietary data, over the years internally and in 
consultation with expert groups (Wright et al., 1994; 
Briefel & Sempos, 1992). The methods used in 
NHANES are adapted in light of its large sample size
and complex design, cost and feasibility, and 
respondent burden to ensure a high response rate to 
derive nationally representative estimates. Some 
examples of adaptations in methods include the 
WUDQVLWLRQ�WR�86'$¶V�VWDQGDUGL]HG�DXWRPDWHG�PXOWL­
pass method for collection of dietary recalls by trained
interviewers that has been evaluated and associated 
with reduced measurement error (Moshfegh et al.,
2008). Other examples include collection of an
additional 24-hour dietary recall in NHANES since 
2003 (for a total of two 24-hour recalls), coupled with 
targeted food frequency questionnaires over various 
NHANES cycles. 

The strengths and shortcomings of these dietary
assessment methods have been discussed over time in 
various meetings (e.g., International Conference on 
Diet and Activity Methods and American Society for 
Nutrition/Experimental Biology), workshops, and 
expert groups. This has also been discussed for several 
years in the scientific literature (Beaton 1994; 
Berdainer et al., 2008) and in recent articles (Archer et 
al., 2013; Hébert et al., 2014; Webb, 2013). No
assessment method is perfect and the choice of dietary
method is based on the purpose for which it is 
intended. For NHANES, repeated 24-hour recalls
remain the backbone of dietary assessment and 
monitoring. These data are useful in providing
national- and group-level estimates of dietary intakes 
of the U.S. population, on a given day as well as in
describing usual intake distributions using appropriate 
statistical approaches, to inform nutrition policy. 

5()(5(1&(6� 
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 $SSHQGL[�(-���*ORVVDU\�RI�7HUPV
 

Aquaculture²The farming of aquatic organisms, 
including fish, mollusks, crustaceans, and aquatic 
plants. Farming includes activities to enhance 
production, such as regular stocking, feeding, and
protection from predators.  

Acculturation²The process by which immigrants 
adopt the attitudes, values, customs, beliefs, and 
behaviors of a new culture. Acculturation is the gradual 
H[FKDQJH�EHWZHHQ�LPPLJUDQWV¶�RULJLQDO�DWWLWXGHV�DQG�
behavior and those of the host culture. 

Added sugars²Sugars that are either added during the 
processing of foods, or are packaged as such. They
include sugars (free, mono- and disaccharides), syrups,
naturally occurring sugars that are isolated from a 
whole food and concentrated so that sugar is the 
primary component (e.g., fruit juice concentrates), and 
other caloric sweeteners. Names for added sugars 
include: Brown sugar, corn sweetener, corn syrup, 
dextrose, fructose, fruit juice concentrates, glucose, 
high-fructose corn syrup, honey, invert sugar, lactose, 
maltose, malt sugar, molasses, raw sugar, turbinado 
sugar, trehalose, and sucrose. 

Behavioral weight-management program²A 
structured, multi-component program that encompasses
a number of behavior changes, including diet and 
physical activity with the intent to improve weight 
(lose weight or maintain weight loss). 

Biodiversity²The variety and variability among
living organisms and the ecosystems in which they
occur. Biodiversity includes the numbers of different 
items and their relative frequencies; these items are 
organized at many levels, ranging from complete 
ecosystems to the biochemical structures that are the 
molecular basis of heredity. Thus, biodiversity
expresses the relative abundance of different 
ecosystems, species, and genes. 

Body mass index (BMI)²A measure defining weight 
in kilograms (kg) divided by height in meters (m) 
squared. BMI is an indicator of deficient or excess 
body tissue, both fat and muscle. BMI status categories
include underweight, normal weight, overweight, and 
obese. �1RUPDO�ZHLJKW�LV�RIWHQ�UHIHUUHG�WR�DV�³KHDOWK\´�
weight.) Overweight and obese describe ranges of 
weight that are greater than what is considered healthy
for a given height, while underweight describes a 
weight that is lower than what is considered healthy. 
Because children and adolescents are growing, their 
BMI is plotted on growth charts for sex and age. The 
percentile indicates the relative position of the child's 
BMI among children of the same sex and age. This is 
generally referred to as a BMI z-score. 

Built environment²The physical form of 
communities, including urban design (i.e., how a city is
designed; its physical appearance and arrangement), 
land use patterns (i.e., how land is used for 
commercial, residential, and other activities), and the 
transportation system (i.e., the facilities and services
that link one location to another).  

Calorie²A unit commonly used to measure energy
content or energy use. It is used as a convenient 
measure to relate the energy content of food to the 
energy needs of the body. A calorie is equal to the 
amount of energy required to raise the temperature of 
one liter of water 1 degree centigrade. Energy, as 
measured in calories, LV�UHTXLUHG�WR�VXVWDLQ�WKH�ERG\¶V�
various functions, including metabolic processes and 
physical activity. Carbohydrate, fat, protein, and 
alcohol provide all of the energy supplied by foods and 
beverages. 
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Table E5.1. 

Body Weight Category Children and Adolescents (ages 2 to 19 years) 

(BMIͲforͲAge Percentile Range) 

Adults 

(BMI) 

Underweight Less than the 5th percentile Less than 18.5 kg/m2 

Normal weight 5th percentile to less than the 85th percentile 18.5 to 24.9 kg/m2 

Overweight 85th to less than the 95th percentile 25.0 to 29.9 kg/m2 

Obese Equal to or greater than the 95th percentile 
Obese class I 30.0 to 34.9 kg/m2 

Obese class II 35.0 to 39.9 kg/m2 

Obese class III 40.0 kg/m2 and greater 

Carbohydrates²One of the three classes of 
macronutrients. Carbohydrates include sugars, starches, 
and fibers: 

x	 Sugars²A simple carbohydrate composed of
one unit (a monosaccharide, such as glucose 
and fructose) or two joined units (a 
disaccharide, such as lactose and sucrose). 
Sugars include white and brown sugar, fruit 
sugar, corn syrup, molasses, and honey. (See 
Added sugars) 

x	 Starches²Many glucose units linked together. 
Examples of foods containing starch include 
vegetables, dry beans and peas, and grains
(e.g., brown rice, oats, wheat, barley, corn) 

x	 Fiber²Nondigestible carbohydrates and 
lignin that are intrinsic and intact in plants. 
Fiber consists of dietary fiber, the fiber
naturally occurring in foods, and functional 
fiber, which are isolated, nondigestible 
carbohydrates that have beneficial 
physiological effects in humans. 

Child-care settings²Locations that include child-care 
centers and child-care provided in homes. Early
childhood education settings, such as preschool and 
Head Start programs, also are included.  

Competitive foods²Foods and beverages offered at
schools that are sold or offered outside of the Federally
reimbursed school lunch and breakfast programs. 

Competitive foods include food and beverage items 
sold through à la carte lines, snack bars, student stores,
vending machines, and school fundraisers.  

Comprehensive lifestyle intervention²Interventions 
that are designed to address chronic disease risk factors
and improve health. They generally include three 
principal components²a diet component, a physical 
activity component, and a program of behavior change 
to facilitate adherence to diet and physical activity
recommendations.  

Comprehensive lifestyle intervention team²A 
multidisciplinary team of highly trained professionals, 
including registered dietitians and nutritionists, 
exercise specialists, and behaviorists who work with
individuals on weight loss or other lifestyle behavior
change to improve health and reduce chronic disease
risk. (See Interventionist) 

Cross-contamination²The spread of bacteria, 
viruses, or other harmful agents from one surface to 
another. 

Cup equivalent (cup eq)²The amount of a food 
product that is considered equal to 1 cup from the 
vegetable, fruit, or milk food group. A cup equivalent
for some foods may differ from a measured cup in 
volume because (1) the foods have been concentrated 
(such as raisins or tomato paste), (2) the foods are airy
in their raw form and do not compress well into a cup 
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(such as salad greens), or (3) the foods are measured in 
a different form (such as cheese). 

Dietary pattern²The quantities, proportions, variety
or combinations of different food and beverages in 
diets, and the frequency with which they are habitually
consumed. 

Figure E5.1. 

Dietary Reference Intakes (DRIs)²A set of nutrient-
based reference values that expand upon and replace 
the former Recommended Dietary Allowances (RDAs)
in the United States and the Recommended Nutrient 
Intakes (RNIs) in Canada. They include the values 
shown in the graphic 
(http://www.dsld.nlm.nih.gov/dsld/dri.jsp) and
described here: 

x	 Acceptable Macronutrient Distribution 
Ranges (AMDR)²Range of intake for a 
particular energy source that is associated with 
reduced risk of chronic disease while providing
LQWDNHV�RI�HVVHQWLDO�QXWULHQWV��,I�DQ�LQGLYLGXDO¶V�
intake is outside of the AMDR, there is a 
potential of increasing the risk of chronic 
diseases and/or insufficient intakes of essential 
nutrients. 

x	 Adequate Intakes (AI)²A recommended 
average daily nutrient intake level based on 
observed or experimentally determined 
approximations or estimates of mean nutrient 
intake by a group (or groups) of apparently
healthy people. This is used when the 
Recommended Dietary Allowance cannot be 
determined. 

x	 Estimated Average Requirements (EAR)² 
The average daily nutrient intake level 
estimated to meet the requirement of half the 
healthy individuals in a particular life stage and 
sex group. 

x	 Recommended Dietary Allowance (RDA)² 
The average dietary intake level that is 
sufficient to meet the nutrient requirement of
nearly all (97 to 98 percent) healthy individuals 
in a particular life stage and sex group. 

x	 Tolerable Upper Intake Level (UL)²The 
highest average daily nutrient intake level 
likely to pose no risk of adverse health effects
for nearly all individuals in a particular life 
stage and gender group. As intake increases 
above the UL, the potential risk of adverse 
health effects increases. 

Eating out²A behavior that includes meals eaten 
outside of the home at a variety of venues and takeout
or ready-to-eat meals purchased and consumed either 
away from or in the home. 

Empty calories²The calories from components of a 
food or beverage that contribute few or no 
nutrients. Major sources of empty calories are solid fats 
and added sugars. Other sources of empty calories 
include refined starches (e.g., corn starch, potato 
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starch) and alcohol. In some foods, such as soda and 
many candies, all the calories are empty calories. 
However, empty calories also can be found in foods 
that contain important nutrients. For example, whole 
milk contains solid fats (butterfat) and sweetened 
applesauce contains added sugars, which means that 
some of their calories are empty calories. 

Energy drink²A beverage that contains caffeine as a
major active ingredient, along with other ingredients,
such as taurine, herbal supplements, vitamins, and 
sugar. It is usually marketed as a product that can 
improve perceived energy, stamina, athletic 
performance, or concentration.  

Enrichment²The addition of specific nutrients (iron,
thiamin, riboflavin, and niacin) to refined grain
products in order to replace losses of the nutrients that 
occur during processing. 

Environmental sustainability²Long-term
maintenance of ecosystem components and functions 
for future generations. 

Existing reports²Previously published reports or
articles that were used as sources of evidence to answer 
some questions posed by the 2015 DGAC. These 
sources included reports (e.g., the 2013 American 
College of Cardiology/ American Heart Association 
(ACC/AHA) Guidelines on Lifestyle Management to
Reduce Cardiovascular Risk), systematic reviews, and 
meta-analyses. (See Meta-analysis) 

Fast food²Foods designed for ready availability, use
or consumption and sold at eating establishments for
quick availability or take-out. Fast food restaurants are
also known as quick- service restaurants. 

Fats²One of the three classes of macronutrients. (See 
Solid Fats and Oils) 

x	 Monounsaturated Fatty Acids² 
Monounsaturated fatty acids (MUFAs) have 
one double bond. Plant sources that are rich in 
MUFAs include nuts and vegetable oils that 
are liquid at room temperature (e.g., canola oil,
olive oil, high oleic safflower and sunflower 
oils). 

x	 Polyunsaturated fatty acids² 
Polyunsaturated fatty acids (PUFAs) have two 

or more double bonds and may be of two types, 
based on the position of the first double bond. 
o	 n-6 PUFAs²Linoleic acid, one of the n-6 

fatty acids, is required because it cannot be 
synthesized by humans and, therefore, is 
considered essential in the diet. Primary
sources are nuts and liquid vegetable oils, 
including soybean oil, corn oil, and 
safflower oil. Also called omega-6 fatty
acids. 

o	 n-3 PUFAs²Alpha-linolenic acid is an n­
3 fatty acid that is required because it 
cannot be synthesized by humans and, 
therefore, is considered essential in the 
diet. Primary sources include soybean oil,
canola oil, walnuts, and flaxseed. 
Eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) are very long
chain n-3 fatty acids that are contained in 
fish and shellfish. Also called omega-3 
fatty acids. 

x	 Saturated fatty acids²Saturated fatty acids 
have no double bonds. Major sources include 
animal products such as meat and dairy
products, and tropical oils such as coconut or
palm oils. In general, fats high in saturated 
fatty acids are solid at room temperature. 

x	 trans fatty acids²Trans fatty acids are 
unsaturated fatty acids that contain one or more 
isolated (i.e., nonconjugated) double bonds in a
trans configuration. Sources of trans fatty
acids include partially-hydrogenated vegetable 
oils that have been used to make traditional 
shortening and some commercially prepared 
baked goods, snack foods, fried foods, and 
traditional stick margarine. Trans fatty acids 
also are present in foods that come from
ruminant animals (e.g., cattle and sheep) and 
DUH�FDOOHG�³QDWXUDO´�RU�U7)$��6XFK�IRRGV�
include dairy products, beef, and lamb. 

Fight Bac!®²A national public education campaign 
to promote food safety to consumers and educate them 
on how to handle and prepare food safely. In this 
campaign, pathogens are represented by a cartoonlike 
EDFWHULD�FKDUDFWHU�QDPHG�³%$&�´ For more 
information, visit: http://www.fightbac.org.  

Fishery²An activity leading to harvesting of fish. It
may involve capture of wild fish or the raising of fish 
through aquaculture. 
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Food access²Accessibility to sources of healthy food, 
as measured by distance to a store or the number of
stores in an area; individual-level resources such as 
family-income or vehicle availability; and 
neighborhood-level indicators of resources, such as
average income of the neighborhood and the 
availability of public transportation. 

Food categories²A method of grouping similar foods
in their as-consumed forms, for descriptive purposes. 
The USDA/ARS has created 150 mutually exclusive
food categories to account for each food or beverage 
item reported in What We Eat in America (WWEIA), 
the food intake survey component of the National 
Health and Nutrition Examination Survey (for more 
information, visit:
http://seprl.ars.usda.gov/Services/docs.htm?docid=234
29). Examples of WWEIA Food Categories include 
soups, nachos, and yeast breads. In contrast to food 
groups, items are not disaggregated into their 
component parts for assignment to food categories. For 
example, all pizzas are put into the pizza category. 

Food environments²Factors and conditions that 
influence food choices and food availability. These 
environments include settings such as home, child care
(early care and education), school, after-school 
programs, worksites, food retail stores and restaurants, 
and other outlets where children and their families 
make eating and drinking decisions. The food 
environment also includes macro-level factors and 
includes food marketing, food production and 
distribution systems, agricultural policies, Federal 
nutrition assistance programs, and economic price 
structures. 

Food groups²A method of grouping similar foods for
descriptive and guidance purposes. Food groups in the
USDA Food Pattern are defined as fruits, vegetables, 
grains, dairy, and protein foods.  Some of these groups 
are divided into subgroups, such as dark-green 
vegetables or whole grains, which may have intake
goals or limits (for more information, see Appendix 
E3.1 Table A1. USDA Healthy U.S.-Style Food 
Patterns²Intake Amounts). For assignment to food 
groups, mixed dishes are disaggregated into their major 
component parts. For example, pizza may be
disaggregated into the grain (crust), dairy (cheese), 
vegetable (sauce and toppings), and protein foods 
(toppings) food groups. 

Food pattern modeling²The process of developing

and adjusting daily intake amounts from food 

categories or groups to meet specific criteria, such as 

meeting nutrient intake goals, limiting nutrients or

other food components, or varying proportions or 

amounts of specific food categories or groups. 
 
 

Food policies²Regulations, laws, policy-making

actions or formal or informal rules established by

formal organizations or government units. Food and 

nutrition policies are those that influence the food 

environment and eating behavior to improve eating and

body weight.  
 
 

Food security²A condition in which all people, now

and in the future, have access to sufficient, safe, and 

nutritious food to maintain a healthy and active life. 

(See Household food insecurity)



Fortification²The addition of one or more essential 
 
 
nutrients to a food whether or not it is normally

contained in the food for the purpose of preventing or 

correcting a demonstrated deficiency of one or more 

nutrients in the population or specific population 
 
 
groups.
 
 


Greenhouse gases (GHG)²Any gas that absorbs

infrared radiation in the atmosphere. Greenhouse gases 

include carbon dioxide, methane, nitrous oxide, ozone, 

chlorofluorocarbons, 

hydrochlorofluorocarbons, hydrofluorocarbons, perfluo

rocarbons, and sulfur hexafluoride.
 
 


Health²A state of complete physical, mental and 

social well-being and not merely the absence of disease

or infirmity. 
 
 

Household food insecurity²Circumstances in which 
 
 
the availability of nutritionally adequate and safe food, 

or the ability to acquire acceptable foods in socially

acceptable ways, is limited or uncertain. 
 
 

x Persistent household food insecurity² 
Occurs when people are unable to meet their 
minimum food requirements over a sustained 
period of time. 

x Progressing household food insecurity²A 
change in situation from food secure to food 
insecure or from acute or temporary food 
insecurity to persistent food insecurity.  
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x	 Household food insufficiency²A similar 
measure to food insecurity considered more 
severe than the concept of food security, 
although not as severe as hunger.  

Interventionist²Trained health professionals (e.g., 
registered dietitians, psychologists, exercise
physiologists, health counselors, or professionals in 
training) who adhere to formal protocols in providing
healthy lifestyles counseling and treatment, such as for 
weight management. In a few cases, lay persons are 
used as trained interventionists; they received 
instruction in protocols (designed by health 
professionals) for programs that have been validated in
high-quality trials and published in peer-reviewed 
journals. 

Isocaloric²Having the same caloric values. For 
example, two dietary patterns that vary in 
macronutrient proportions but have the same calorie 
content are isocaloric. 

Lean meat²Any meat with less than 10% fat by
weight, or less than 10 grams of fat per 100 grams,
based on USDA and FDA definitions for food label 
use. Examples include 95% lean ground beef, cooked; 
broiled beef steak, lean only eaten; baked pork chop, 
lean only eaten; roasted chicken breast or leg, no skin 
eaten; and smoked/cured ham, lean only eaten.  

Life Cycle Assessment (LCA)²A technique for 
assessing the biophysical environmental aspects and 
potential impacts associated with a product, by: 

x	 Compiling an inventory of relevant inputs and
outputs of a product system; 

x	 Evaluating the potential environmental impacts 
associated with those inputs and outputs; 

x Interpreting the results of the inventory
analysis and impace assessment phases in 
relation to the objectives of the study. 

LCA studies the environmental aspects and potential 
LPSDFWV�WKURXJKRXW�D�SURGXFW¶V�OLIH��L�H���FUDGOH�WR�
grave), from raw material acquisition through 
production, use, and disposal. The general categories of
environmental impacts needing consideration include
resource use, human health, and ecological 
consequences. 

Macronutrient²A dietary component that provides 
energy. Macronutrients include protein, fats, and 
carbohydrates. Alcohol also provides energy but, for 
purposes of the DGAC report, it is not considered when
discussing macronutrients. 

Meta-analysis²The statistical analysis of multiple 
individual studies for the purpose of integrating the 
findings and deriving conclusions from the body of 
literature.  

Mobile Health (mHealth)²The use of mobile and 
wireless technologies to support the achievement of 
health objectives. 

Moderate alcohol consumption²Average daily
consumption of up to one drink per day for women and
up to two drinks per day for men, with no more than 
three drinks in any single day for women and no more 
than four drinks in any single day for men. One drink is
defined as 12 fluid ounces of regular beer, 5 fluid 
ounces of wine, or 1.5 fluid ounces of distilled spirits. 

Nutrient-dense foods²Foods that are naturally rich in
vitamins, minerals, and other substances that may have 
positive health effects, and are lean or low in solid fats 
and without added solid fats, sugars, starches, or
sodium and that retain naturally-occurring components
such as fiber. All vegetables, fruits, whole grains, fish, 
eggs, and nuts prepared without added solid fats or 
sugars are considered nutrient-dense, as are lean or
low-fat forms of fluid milk, meat, and poultry prepared
without added solid fats or sugars. Nutrient-dense 
foods provide substantial amounts of vitamins and 
minerals (micronutrients) and relatively few calories
compared to forms of the food that have solid fat 
and/or added sugars. 

Nutrition Evidence Library (NEL) systematic 
review²A process that uses state-of-the-art 
methodology to search, evaluate, and synthesize food 
and nutrition-related research. This rigorous, protocol-
driven methodology is designed to minimize bias, 
maximize transparency, and ensure relevant, timely,
and high-quality systematic reviews to inform Federal 
nutrition-related policies, programs, and 
recommendations. The NEL is a division of the USDA 
Center for Nutrition Policy and Promotion. For more 
detailed information, visit: www.nel.gov. 
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Oils²Fats that are liquid at room temperature. Oils
come from many different plants and some fish. Some 
common oils include canola, corn, olive, peanut, 
safflower, soybean, and sunflower oils. A number of 
foods are naturally high in oils, such as: nuts, olives, 
some fish, and avocados. Foods that are mainly made 
up of oil include mayonnaise, certain salad dressings, 
and soft (tub or squeeze) margarine with no trans fats. 
Oils are high in monounsaturated or polyunsaturated 
fats, and lower in saturated fats than solid fats. A few 
plant oils, termed tropical oils, including coconut oil, 
palm oil and palm kernel oil, are high in saturated fats 
and for nutritional purposes should be considered as 
solid fats. Partially-hydrogenated oils that contain trans 
fats should also be considered as solid fats for 
nutritional purposes. (See Fats) 

Ounce equivalent (oz eq)²The amount of a food 
product that is considered equal to one ounce from the 
grain or protein foods food group. An ounce equivalent 
for some foods may be less than a measured ounce in 
weight if the food is concentrated or low in water 
content (nuts, peanut butter, dried meats, flour) or more
than a measured ounce in weight if the food contains a 
large amount of water (tofu, cooked beans, cooked rice
or pasta). 

Persistent organic pollutants (POPs)²Toxic 
chemicals that can adversely affect human health and 
the biophysical environment. Because they can be 
transported by wind and water, most POPs generated in
one country may affect people and wildlife distant to 
where they are used and released. They can persist for 
long periods of time and can accumulate and pass from
one species to the next through the food chain. 

Plant-based foods²Foods such as vegetables, fruits, 
whole grains, nuts and seeds. 

Point-of-purchase²A place where sales are made. 
Various intervention strategies have been proposed to 
affect LQGLYLGXDOV¶�purchasing decisions at the point of
purchase, such as board or menu labeling with various
amounts of nutrition information or shelf tags in
grocery stores. 

Portion size²The amount of a food served or 
consumed in one eating occasion. A portion is not a 
standardized amount, and the amount considered to be
a portion is subjective and varies. 

Processed meat²Meat, poultry, or seafood products 
preserved by smoking, curing or salting, or addition of
chemical preservatives. Processed meat includes bacon,
sausage, hot dogs, sandwich meat, packaged ham, 
pepperoni, and salami. 

Protein²One of the three macronutrients classes. 
Protein is the major functional and structural
component of every animal cell. Proteins are composed 
of amino acids, nine of which are indispensable, 
meaning they cannot be synthesized by humans and 
therefore must be obtained from the diet. The quality of
dietary protein is determined by its amino acid profile
relative to human requirements as determined by the
body's requirements for growth, maintenance, and 
repair. Protein quality is determined by two factors:
digestibility and amino acid composition. 

x Animal protein²Protein from meat, poultry, 
seafood, eggs, and milk and milk products. 

x Vegetable protein²Protein from plants such 
as dry beans, whole grains, fruit, nuts, and 
seeds.  

Refined grains²Grains and grain products missing
the bran, germ, and/or endosperm; any grain product 
that is not a whole grain. Many refined grains are low
in fiber but enriched with thiamin, riboflavin, niacin, 
and iron, and fortified with folic acid. 

Screen time²Time in front of a computer, television, 
video or computer game system, or smart phone or
tablet or related device. 

Seafood²Marine animals that live in the sea and in 
freshwater lakes and rivers. Seafood includes fish, such
as salmon, tuna, trout, and tilapia, and shellfish, such as
shrimp, crab, and oysters. 

Sedentary behavior²Any waking activity
predominantly done while in a sitting or reclining
posture. A behavior that expends energy at or
minimally above D�SHUVRQ¶V resting level (between 1.0 
and 1.5 metabolic equivalents), is considered sedentary
behavior. 

Self-monitoring²Self-monitoring refers to the 
process by which an individual observes and records
specific information about his or her behaviors. For 
example, in weight management self-monitoring, 
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observations and records would reflect dietary intake, 
physical activity, and/or body weight. 

Solid fats²Fats that are usually not liquid at room
temperature. Solid fats are found in animal foods
except for seafood, and can be made from vegetable 
oils through hydrogenation. Some tropical oil plants, 
such as coconut and palm, are considered as solid fats 
due to their fatty acid composition. Solid fats contain 
more saturated fats and/or trans fats than liquid oils
(e.g., soybean, canola, and corn oils), with lower 
amounts of monounsaturated or polyunsaturated fatty
acids. Common fats considered to be solid fats include: 
butterfat, beef fat (tallow, suet), chicken fat, pork fat 
(lard), stick margarine, shortening, coconut oil, palm
oil and palm kernel oil. Foods high in solid fats 
include: butter, full-fat cheeses, creams, whole milk, 
full fat ice creams, marbled cuts of meats, regular
ground beef, bacon, sausages, poultry skin, and many
baked goods made using these products (such as
cookies, crackers, doughnuts, pastries, and 
croissants).The fat component of milk and cream
(butter) is solid at room temperature. (See Fats) 

Sugar-sweetened beverages²Liquids that are 
sweetened with various forms of added sugars (see 
Added Sugars and Carbohydrates: Sugars). These 
beverages include, but are not limited to, soda, 
fruitades, and sports drinks. Also called calorically­
sweetened beverages. 

Sustainable diets²A pattern of eating that promotes 
health and well-being and provides food security for 
the present population while sustaining human and 
natural resources for future generations. 

Trophic level²A functional classification of species 
that is based on feeding relationships. Generally, 
aquatic and terrestrial green plants comprise the first, 
or lowest, trophic level, herbivores comprise the 
second, and primary carnivores comprise the third, or 
highest level. Examples of high trophic fish species are 
salmon and trout. Low trophic fish species include 
crayfish and catfish. 

Whole grains²Grains and grain products made from
the entire grain seed, usually called the kernel, which 
consists of the bran, germ, and endosperm. If the kernel 
has been cracked, crushed, or flaked, it must retain the 
same relative proportions of bran, germ, and 
endosperm as the original grain in order to be called
whole grain. Many, but not all, whole grains are also 
sources of dietary fiber. 
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$SSHQGL[�(�����+LVWRU\�RI�'LHWDU\�*XLGDQFH�
'HYHORSPHQW�LQ�WKH�8QLWHG�6WDWHV�DQG�WKH� 
'LHWDU\�*XLGHOLQHV�IRU�$PHULFDQV� 
In early 1977, after years of discussion, scientific 
review, and debate, the U.S. Senate Select Committee 
on Nutrition and Human Needs, led by Senator George
McGovern, recommended Dietary Goals for the 
American people (U.S. Senate Select Committee, 
1977). The Goals consisted of complementary nutrient-
based and food-based recommendations. The first Goal 
focused on energy balance and recommended that, to 
avoid overweight, Americans should consume only as 
much energy as they expended. Overweight Americans 
should consume less energy and expend more energy.
For the nutrient-based Goals, the Senate Committee 
recommended that Americans: 

x	 Increase consumption of complex 
FDUERK\GUDWHV�DQG�³QDWXUDOO\�RFFXUULQJ� 
VXJDUV�´ and 

x	 Reduce consumption of refined and processed 
sugars, total fat, saturated fat, cholesterol, and 
sodium.  

For the food-based Goals, the Senate Committee 
recommended that Americans: 

x Increase consumption of fruits, vegetables, and 
whole grains; 

x Decrease consumption of: 
o	 refined and processed sugars and foods 

high in such sugars; 
o	 foods high in total fat and animal fat, and

partially replace saturated fats with 
polyunsaturated fats; 

o	 eggs, butterfat, and other high-cholesterol 
foods; 

o	 salt and foods high in salt; and 
x	 Choose low-fat and non-fat dairy products 

instead of high-fat dairy products (except for 
young children). 

The Dietary Goals was met with considerable debate 
and controversy, as industry groups and the scientific 
community expressed doubt that the science available 
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at the time supported the specificity of the numbers 
provided in the Dietary Goals. To support the 
credibility of the science used by the Senate 
Committee, the U.S. Department of Agriculture and 
U.S. Department of Health and Human Services (then 
called the Department of Health, Education, and 
Welfare) selected scientists from the two Departments 
and obtained additional expertise from the scientific 
community throughout the country to address the 
SXEOLF¶V�QHHG�IRU�DXWKRULWDWLYH�DQG�FRQVLVWHQW�JXLGDQFH�
on diet and health. 

In February 1980, the two Departments collaboratively
issued Nutrition and Your Health: Dietary Guidelines
for Americans, a brochure that, in describing seven 
principles for a healthful diet, provided assistance for 
healthy people in making daily food choices
(USDA/HHS, 1980). These Guidelines were based, in 
part, on the 1979 Surgeon General’s Report on Health 
Promotion and Disease Prevention (DHEW/PHS, 
1979) and reflected findings from a study on the 
relationship between dietary practices and health 
outcomes (ASCN, 1979). Ideas for incorporating a 
variety of foods to provide essential nutrients while 
maintaining recommended body weight were a focus. 
The brochure also provided guidance on limiting
dietary components such as fat, saturated fat, 
cholesterol, and sodium, which were beginning to be 
considered risk factors in certain chronic diseases. Both 
the Dietary Goals and the first Dietary Guidelines for 
Americans were different from previous dietary
guidance in that they reflected emerging scientific
evidence and changed the historical focus on nutrient 
adequacy to also identify the impacts of diet on chronic
disease. These documents discussed the concepts of
moderation as well as nutrient adequacy. 

Even though the recommendations of the 1980 Dietary 
Guidelines for Americans were presented as innocuous 
and straightforward extrapolations from the science 
base, they, too, were met with controversy from a 
variety of industry and scientific groups.  
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The debate about the 1980 Dietary Guidelines for 
Americans led to Congressional report language that 
directed the two Departments to convene an advisory
committee that would ensure that outside advice, both 
formal and informal, was captured in developing future
editions of the Dietary Guidelines. A Dietary
Guidelines Advisory Committee composed of scientific 
experts outside the Federal sector was established 
shortly after that directive and was very helpful in the 
development of the 1985 Nutrition and Your Health: 
Dietary Guidelines for Americans (USDA/HHS, 1985). 
The Departments made relatively few changes from the
first edition, but this second edition was issued with 
much less debate from either industry or the scientific 
community. The 1985 Dietary Guidelines were widely
accepted and were used as the framework for consumer 
nutrition education messages. They also were used as a 
guide for healthy diets by scientific, consumer, and 
industry groups. 

In 1989, USDA and HHS established a second 
scientific advisory committee to review the 1985 
Dietary Guidelines and make recommendations for 
revision. The basic tenets of earlier Dietary Guidelines
were reaffirmed, and the 1990 Nutrition and Your 
Health: Dietary Guidelines for Americans
(USDA/HHS, 1990) promoted enjoyable and healthful
eating through variety and moderation, rather than 
dietary restriction. For the first time, the Guidelines 
also suggested quantitative goals for total fat and 
saturated fat, though they stressed that the goals were 
to be met through dietary choices made over several 
days, not through choices about one meal or one food. 

The 1980, 1985, and 1990 editions of the Dietary
Guidelines were issued voluntarily by the two 
Departments. With the passage of the 1990 National 
Nutrition Monitoring and Related Research Act 
(Section 301 of Public Law 101-445, 7 USC 5341, 
Title III) (US Congress, 1990), the 1995 edition of
Nutrition and Your Health: Dietary Guidelines for 
Americans became the first Dietary Guidelines policy
document mandated by statute. This Act directed the 
Secretaries of USDA and HHS to jointly issue at least 
every 5 years a report entitled Dietary Guidelines for 
Americans. 

A Dietary Guidelines Advisory Committee was 
established to prepare technical reports that advised the
Federal government on the status of the evidence on 
nutrition and health. These technical reports were used 

in developing the 1995, 2000, 2005, and 2010 versions 
of the Dietary Guidelines for Americans (HHS/USDA, 
1995a; HHS/USDA, 1995b; USDA/HHS, 2000a; 
USDA/HHS, 2000b; HHS/USDA, 2004; HHS/USDA,
2005a; USDA/HHS, 2010; USDA/HHS, 2011). This 
report of the 2015 Dietary Guidelines Advisory
Committee will serve a similar purpose for HHS and 
USDA as the Departments develop the 2015 edition of
Dietary Guidelines for Americans. 

Since 1980, the Dietary Guidelines have been notably
consistent in their recommendations on the components
of a healthful diet, but they also have changed in some 
significant ways to reflect emerging science as well as
public health concerns, such as the increasing
prevalence of major chronic diseases among the 
majority of the general population. In keeping with 
growing emphasis on data quality in developing
recommendations, the 2005 Committee used a
modified systematic approach for reviewing the 
scientific literature. This systematic review of the 
evidence was further realized for the 2010 Dietary
Guidelines Advisory Committee with the establishment 
of the 86'$¶V�Nutrition Evidence Library, a process
that uses state-of-the-art methodology to search, 
evaluate, and synthesize food and nutrition-related
research. This rigorous, protocol-driven methodology
is designed to minimize bias, maximize transparency,
and ensure relevant, timely, and high-quality
systematic reviews to inform Federal nutrition-related 
policies, programs, and recommendations. (See Part C: 
Methodology for a brief description of the systematic 
evidence review process used by the 2015 Dietary
Guidelines Advisory Committee and www.NEL.gov
for additional information about the Nutrition Evidence 
Library.) 

Over the past two decades, Nutrition and Your Health: 
Dietary Guidelines for Americans has evolved to 
become a broadly accepted, science-based document 
that serves as the Federal nutrition policy on which
nutrition standards, nutrition programs, and nutrition 
education are based. The Dietary Guidelines have
proven to be a mechanism for addressing public health 
concerns by providing focused guidance that can help 
to promote health and reduce chronic disease risk. As
such, while earlier editions of the Dietary Guidelines 
focused specifically on healthy Americans ages 2 years
and older, more recent editions also have included 
those who are at increased risk of chronic disease. The 
Dietary Guidelines, however, are not directly intended 
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for disease treatment, but they can be used as a basis 	 	 birth to 24 months and women who are pregnant so that 
for developing clinical guidelines. 	 	 by 2020, the Dietary Guidelines will also include these

important populations comprehensively. For now, 
Future editions of the Dietary Guidelines will continue	 	 nutrition and health professionals actively promote the 
to evolve to address public health concerns and the 	 	 Dietary Guidelines as a means of encouraging 
nutrition needs of specific populations. For example, a 	 	 Americans to focus on eating a healthful diet and being 
Federal initiative has been established to develop 	 	 physically active throughout the entire lifespan. 
comprehensive guidance for infants and toddlers from 

+,6725<�2)�',(7$5<�*8,'$1&(�'(9(/230(17�,1�7+(�81,7('�
67$7(6�$1'�7+(�',(7$5<�*8,'(/,1(6�)25�$0(5,&$16�±�$�
&+5212/2*<� 

1977		 Dietary Goals for the United States (the ³McGovern Report´) was issued by the U.S. Senate Select 
Committee on Nutrition and Human Needs (U.S. Senate Select Committee, 1977). The Dietary Goals 
reflected a shift in focus from obtaining adequate nutrients to avoiding excessive intake of food 
components linked to chronic disease. These goals were controversial among some nutritionists and others 
concerned with food, nutrition, and health.  

1979		 The American Society for Clinical Nutrition formed a panel to study the relationship between dietary
practices and health outcomes (ASCN, 1979). The findings, presented in 1979, were reflected in Healthy 
People: The Surgeon General's Report on Health Promotion and Disease Prevention (DHEW/PHS, 1979). 

1980		 Seven principles for a healthful diet were jointly issued by the then U.S. Department of Health, Education, 
and Welfare (now HHS) and the U.S. Department of Agriculture (USDA) in response to the public's desire
for authoritative, consistent guidelines on diet and health. These principles became the first edition of
Nutrition and Your Health: Dietary Guidelines for Americans (USDA/HHS, 1980). The 1980 Guidelines 
were based on the most up-to-date information available at the time and were directed to healthy 
Americans ages 2 and older. The Guidelines generated some concern among consumer, commodity, and 
food industry groups, as well as some nutrition scientists, who questioned the causal relationship between 
certain guidelines and health. 

1980		 A U.S. Senate Committee on Appropriations report directed that an external advisory committee be
established to review scientific evidence and recommend revisions to the 1980 Nutrition and Your Health: 
Dietary Guidelines for Americans (U.S. Senate, 1980). 

1983		 An external Federal advisory committee of nine nutrition scientists was convened to review and make
recommendations in a report to the Secretaries of USDA and HHS about the first (1980) edition of the 
Dietary Guidelines (USDA/HHS, 1985a). 

1985		 USDA and HHS jointly issued the second edition of Nutrition and Your Health: Dietary Guidelines for 
Americans (USDA/HHS, 1985b). This edition was nearly identical to the first, retaining the seven 
guidelines from the 1980 edition. Some changes were made for clarity, while others reflected advances in 
scientific knowledge of the associations between diet and chronic diseases. The second edition received 
wide acceptance and was used as the basis for dietary guidance for the general public as well as a 
framework for developing consumer education messages. 
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1987		 Language in the Conference Report of the House Committee on Appropriations indicated that USDA, in 
conjunction with HHS��³VKDOO�UHHVWDEOLVK�D�'LHWDU\�*XLGHOLQHV�$GYLVRU\�*URXS�RQ�D�SHULRGLF�EDVLV��7KLV�
Advisory Group will review the scientific data relevant to nutritional guidance and make recommendations 
on appropriate changes to the Secretaries of the Departments of Agriculture and Health and Human 
6HUYLFHV´��8.S. House of Representatives, 1987). 

1989		 USDA and HHS established a second Federal advisory committee of nine members, which considered
whether revisions to the 1985 Dietary Guidelines were needed and made recommendations for revision in 
a report to the Secretaries (USDA/HHS, 1990a). The 1988 Surgeon General's Report on Nutrition and 
Health �++6�3+6��������DQG�WKH������1DWLRQDO�5HVHDUFK�&RXQFLO¶V�UHSRUW�Diet and Health: Implications 
for Reducing Chronic Disease Risk were key resources used by the Committee (NAS/NRC, 1989). 

1990		 USDA and HHS jointly released the third edition of Nutrition and Your Health: Dietary Guidelines for 
Americans (USDA/HHS, 1990b). The basic tenets of the 1985 Dietary Guidelines were reaffirmed, with
additional refinements made to reflect increased understanding of the science of nutrition and how best to 
communicate the science to consumers. The language of the new Dietary Guidelines was positive, was 
oriented toward the total diet, and provided specific information regarding food selection. For the first 
time, quantitative recommendations were made for intakes of dietary total fat and saturated fat. 

1990		 The 1990 National Nutrition Monitoring and Related Research Act (Section 301 of Public Law 101-445, 7 
USC 5341, Title III) directed the Secretaries of the USDA and HHS to jointly issue at least every 5 years a 
report entitled Dietary Guidelines for Americans (U.S. Congress, 1990). This legislation also required 
USDA and HHS to review all Federal publications containing dietary advice for the general public. 

1993		 HHS initiated a charter establishing the 1995 Dietary Guidelines Advisory Committee. 

1994		 An 11-member Dietary Guidelines Advisory Committee was appointed by the Secretaries of HHS and 
USDA to review the third edition of the Dietary Guidelines and determine whether changes were needed. 
If so, the Committee was to recommend suggestions and the rationale for any revisions. 

1995		 The report of the Dietary Guidelines Advisory Committee to the Secretaries of HHS and USDA was 
published (HHS/USDA, 1995a). 

1995		 Using the 1995 report of the Dietary Guidelines Advisory Committee as the foundation, HHS and USDA
jointly developed and released the fourth edition of Nutrition and Your Health: Dietary Guidelines for 
Americans (HHS/USDA, 1995b). This edition continued to support the concepts from earlier editions. New
information included the Food Guide Pyramid, Nutrition Facts label, boxes highlighting good food sources
of key nutrients, and a chart illustrating three weight ranges in relation to height. 

1997		 USDA initiated the charter establishing the 2000 Dietary Guidelines Advisory Committee. 

1998		 An 11-member Dietary Guidelines Advisory Committee was appointed by the Secretaries of USDA and 
HHS to review the fourth edition of the Dietary Guidelines to determine whether changes were needed 
and, if so, to recommend suggestions for revision.  

2000		 The Committee submitted its report to the Secretaries of USDA and HHS (USDA/HHS, 2000a). This 
report contained the proposed text for the fifth edition of Nutrition and Your Health: Dietary Guidelines 
for Americans. 
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2000		 The President of the United States spoke of the Dietary Guidelines in his radio address after USDA and 
HHS jointly issued the fifth edition of Nutrition and Your Health: Dietary Guidelines for Americans
earlier in the day (USDA/HHS, 2000b). Earlier versions of the Guidelines included seven statements. 
This version included 10²created by breaking out physical activity from the weight guideline, splitting
the grains and fruits/vegetables recommendations for greater emphasis, and adding a new guideline on 
safe food handling. 

2003		 HHS initiated the charter establishing the 2005 Dietary Guidelines Advisory Committee. 

2003		 A 13-member Dietary Guidelines Advisory Committee was appointed by the Secretaries of HHS and 
USDA to review the fifth edition of the Dietary Guidelines to determine whether changes were needed 
and, if so, to recommend suggestions for revision.  

2003-	 In keeping with renewed emphasis on data quality, the Committee used a PRGLILHG�³systematic 
2004		 approach´ to review the scientific literature and develop its recommendations. Committee members 

initially posed approximately 40 specific research questions that were answered using an extensive
search and review of the scientific literature. Issues relating diet and physical activity to health 
promotion and chronic disease prevention were LQFOXGHG�LQ�WKH�&RPPLWWHH¶V�HYLGHQFH�UHYLHw. Other 
major sources of evidence used were the Dietary Reference Intake (DRI) reports prepared by expert 
committees convened by the Institute of Medicine (IOM) as well as various Agency for Healthcare 
Research and Quality (AHRQ) and World Health Organization (WHO) reports. In addition, USDA
completed numerous food intake pattern modeling analyses and the Committee analyzed various national
data sets and sought advice from invited experts. 

2004		 The Committee submitted its technical report to the Secretaries of HHS and USDA (HHS/USDA, 2004). 
This 364-page report contained a detailed analysis of the science and was accompanied by many pages 
of evidence-based tables that were made available electronically. After dropping some questions because 
of incomplete or inconclusive data, the Committee wrote conclusions and comprehensive rationales for 
34 of the 40 original questions.  

2005		 8VLQJ�WKH�&RPPLWWHH¶V�WHFKQLFDO�UHSRUW�DV�D�EDVLV��++6�DQG�86'$�MRLQWO\�SUHSDUHG�DQG�LVVXHG�WKH�VL[WK�
edition of Dietary Guidelines for Americans in January 2005 (HHS/USDA, 2005a). This 80-page policy
document was the first time the Departments prepared a policy document that was intended primarily for 
use by policy makers, healthcare professionals, nutritionists, and nutrition educators. The content of this 
document included nine major Dietary Guidelines messages that resulted in 41 Key Recommendations, 
of which 23 were for the U.S. population overall and 18 for specific population groups. The policy 
document highlighted the USDA Food Guide and the DASH Eating Plan as two examples of eating
patterns that exemplify the Dietary Guidelines recommendations. A companion, 10-page brochure called 
Finding Your Way to a Healthier You (HHS/USDA, 2005b) was released concurrently with the Dietary
Guidelines to provide advice to consumers about food choices that promote health and decrease the risk
of chronic disease. Shortly thereafter, USDA released the MyPyramid Food Guidance System, an update 
of the Food Guide Pyramid, which included more detailed advice for consumers to help them follow the 
Dietary Guidelines. 

2008		 USDA initiated the charter establishing the 2010 Dietary Guidelines Advisory Committee. 

2008		 A 13-member Dietary Guidelines Advisory Committee was appointed by the Secretaries of USDA and 
HHS to review the sixth edition of Dietary Guidelines for Americans to determine whether changes were 
needed and, if so, to recommend suggestions for revision. 
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2008-	 86'$¶V Center for Nutrition Policy and Promotion established the Nutrition Evidence Library (NEL) to 
2009		 conduct systematic reviews to help inform Federal nutrition policy and programs. The NEL supported 

the Dietary Guidelines Advisory Committee in answering approximately 130 of the total 180 diet and 
health-related questions posed. This was the most rigorous and comprehensive approach used to date for 
reviewing the science in order to develop nutrition-related recommendations for the public. Other 
sources of evidence for answering scientific questions included modeling analyses of 86'$¶V�)RRG�
Patterns, review of reports from various data analyses, as well as other available authoritative reports 
(e.g., 2005 DGAC Report and IOM reports). An elaborate web-based public comments database was 
developed and provided a successful mechanism for the public to provide comments and thereby
SDUWLFLSDWH�LQ�WKH�&RPPLWWHH¶V�evidence review process. The database also allowed the public to read 
other comments that were submitted. This database eventually included more than 800 public comments 
related to the DGAC process. 

2010		 The Committee submitted its technical report to the Secretaries of USDA and HHS (USDA/HHS 2010). 
This 445-page report contained a detailed analysis of the science and was accompanied by additional 230 
pages of food pattern modeling appendices made available electronically at www.DietaryGuidelines.gov.  

2011		 8VLQJ�WKH�&RPPLWWHH¶V�WHFKQLFDO�UHSRUW�DV�WKH�EDVLV��++6�DQG�86'$�MRLQWO\�SUHSDUHG�DQG�published the 
seventh edition of Dietary Guidelines for Americans released publically in January 2011 (USDA/HHS, 
2011). The 95-page policy document encompassed the overarching concepts of maintaining calorie 
balance over time to achieve and sustain a healthy weight, and consuming nutrient-dense foods and 
beverages. The policy document included 23 key recommendations for the general population and six 
additional key recommendations for specific populations. To assist individuals to build a healthy diet 
based on the Dietary Guidelines, the USDA Food Patterns were updated and new vegetarian adaptations 
were included. The DASH Eating Plan also was included as an example of a healthy dietary pattern. This 
publication will serve as the basis for Federal nutrition policy until the next policy document is released 
in 2015. In June, USDA released MyPlate, a new visual icon, and the ChooseMyPlate.gov website that 
provides tools to help consumers of all ages, educators, and health professionals learn about and follow
the Dietary Guidelines. 

2013		 HHS initiated the charter establishing the 2015 Dietary Guidelines Advisory Committee. 

2013		 A 15-member Dietary Guidelines Advisory Committee was appointed by the Secretaries of USDA and 
HHS to review the seventh edition of Dietary Guidelines for Americans and recommend suggestions for 
revision. One member resigned due to professional obligations within the first three months after 
appointment; 14 members served the remainder of the two-year charter. The Committee also added three 
consultant subcommittee members during its work to address specific issues; these members participated
in discussions and decision at the subcommittee level but were not members of the full Committee. 

2015		 The Committee submitted this technical report to the Secretaries of USDA and HHS in February 2015. 
This 580-page report contained a detailed analysis of the science and was accompanied by substantial
documentation of the process made available electronically at www.DietaryGuidelines.gov and
www.NEL.gov. 

� 
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As a government advisory committee, the Dietary
Guidelines Advisory Committee (DGAC) is required 
by the Federal Advisory Committee Act to function in
an open process in which the public may participate. 
This is accomplished through public submission of
written comments and oral testimony given to the 
DGAC. 

Federal Register notices alerted the public to DGAC 
meetings held in-person and/or by webcast. In these 
notices the public was invited and reminded to submit 
their comments to an online database at 
www.DietaryGuidelines.gov. The public comments 
process opened on May 29, 2013. Comments continued 
to be submitted throughout the time the DGAC
operated. Following the submission of the 2015 DGAC 
Report to the Secretaries of HHS and USDA, the 
Federal government will alert the public of its 
availability through a Federal Register notice. This 
notice also will announce a public comment period and
the date of an in-person meeting where the public can 
provide comments to the Federal government about the
DGAC Report. 

A public comments online database was developed for
the 2015 DGAC process based on the structure and 
content used for the 2010 process, but with many
enhancements that were intended to streamline 
submission of comments by the public and processing
by staff. 

When submitting comments, the public selected one or
more topic areas into which they felt their comments 
belonged. Initially, these topic areas were: Food 
Groups, Eating Patterns-Diets, Energy Balance, 
Carbohydrates, Protein, Fats, Micronutrients, Water 
and Nonalcoholic Beverages, Alcoholic Beverages, 
Food Safety, Behavior and Food Environment, 
Lifespan Needs, and Other. During their deliberations 
and DW�WKH�'*$&¶V�UHTXHVW��WKH�WRSLF�DUHD�³%HKDYLRU�
DQG�)RRG�(QYLURQPHQW´�ZDV�VSOLW�LQWR�WZR�GLVWLQFW�
WRSLF�DUHDV��³%HKDYLRU´�DQG�³)RRG�(QYLURQPHQW�´�DQG�
a new topic area, ³Sustainability,´ also was added. 
Individual submissions were allowed to include up to 
five attachments, such as journal articles, reports, and
other scientific material for the DGAC to consider. The 
submission page noted that submitters should take care 

to not violate copyright laws when submitting
attachments. 

For the first time, the 2015 DGAC requested public 
comments related to specific topic areas. Subcommittee 
(SC) 2 requested comments on ³steps the food industry
is taking or has taken to reduce the nutrients listed
below in the food supply, including what nutrients have 
been increased as a consequence of reductions where 
applicable: sodium, added sugars, fats (i.e., total fats, 
saturated fats, trans fats, and other individual fatty 
acids).´ SC 5 requested public comments on ³a 
targeted topic on food system sustainability, including
comments from both the private and public sectors and 
addressing local, regional, national, or international 
scales. Specifically, it seeks approaches and current 
examples of sustainability in the food system. 
Comments are encouraged that address: (a) Elements
of a whole food system; (b) Information on specific 
food groups or commodities; and (c) Sustainability
metrics that have been implemented or are in 
GHYHORSPHQW�´ 

In addition, for the first time, the Committee also 
provided specific guidance to the publiF�RQ�³OHQJWK�DQG� 
WLPLQJ�RI�SXEOLF�FRPPHQWV�´�7KLV�JXLGDQFH�ZDV�VKDUHG�
through the Federal Register and on 
www.DietaryGuidelines.gov. This guidance stated to
³Srovide a brief summary (approx. 250 words) of the 
points or LVVXHV�LQ�WKH�FRPPHQW�WH[W�ER[�´�,W�DVNHG�WKDW� 
³Lf providing literature or other resources, one of the
following forms is preferred: complete citation, as in a
bibliographic entry; abstract; electronic link to full 
article or report.´ The public was encouraged to 
³provide comments as early as possible in the 
&RPPLWWHH¶V�SURFHVV�WR�LQFUHDVH�WKH�RSSRUWXQLW\�IRU�
meaningful impact.´�/DVWO\��DV�RI�$SULO�������LW�VWDWHG� 
WKDW�³D deadline for comment submission prior to each 
public meeting will no longer be used.´ 

For all public comments, submitters were required to 
provide the following information: topic area(s), the 
comment itself (5,000 character limit), any
accompanying attachments, full name (with option to
make it public), affiliation, and organization. They also
were required to provide their email address, phone 
number, and zip code, but this information was not 
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included when the comment was posted on the 
www.DietaryGuidelines.gov public comments page. 
Submitters were given the option, but not required, to 
also provide their business or academic credentials and
postal address, including country. This information was 
not posted on the public website. After the comment 
was submitted, confirmation was provided to the 
submitter by e-mail. 

Staff reviewed each submitted comment. Only a few 
comments were not posted; reasons were: (1) duplicate
submission of another comment posted by the same
submitter, (2) test submission, (3) partial comment due
to the 5,000 character limit, which was corrected by a 
shorter comment being submitted, and (4) comments 
that did not pertain to the DGAC. 

At the request of the DGAC, staff generated reports 
and drafted summaries on each topic area for 
comments submitted since the previous meeting or 
since the previous comment summary. On occasion, 
various Committee members also chose to access the 
public comments database themselves in order to read 
comments. 

A total of 972 comments were submitted from May 29, 
2013 through the closing of the public comments 
database on December 30, 2014. Of these, 918 were
relevant WR�WKH�'*$&¶V�ZRUN. 

The majority of comments submitted fell into these 
topic areas:  Food Groups; Eating Patterns-Diets; 
Sustainability; and Energy Balance. However, 
comments were received in all 18 topic areas and 
covered a wide range of issues. Comments came from
the United States, Australia, India, Spain, Canada, 
Brazil, France, Belgium, Norway, Iraq, United 
Kingdom, Pakistan, Indonesia, and Denmark.   

In addition to written comments, oral comments from
53 individuals were presented at the January 2014 
public meeting. The list of presenters along with their 
affiliations is located on www.DietaryGuidelines.gov 
under Meeting 2 (January 13-14, 2014). These 53 
individuals each provided 3 minutes or less of
testimony before the Committee, and they submitted a 
brief outline of their comments when registering to 
participate in the comment session. 

The oral and written comments provided by the public 
were valuable in that they helped the Committee gather 

background information and understand public and 
professional perceptions. Comments from the public 
brought new issues to light as well as new approaches 
to current issues and emerging evidence. They also 
highlighted and ensured consideration of topics deemed 
to be important by the submitters, who represented a 
variety of backgrounds and focus areas. The public 
comments will remain archived at 
www.DietaryGuidelines.gov. 
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$SSHQGL[�(����%LRJUDSKLFDO�6NHWFKHV�RI�
WKH������'*$&� 
Chair: Barbara Millen, DrPH, RD: Professor, 
Department of Family Medicine, Boston University 
School of Medicine, Boston, MA (through 2009). Dr. 
Millen is currently the Founder and President of
Millennium Prevention, Inc., a U.S.-based start-up 
company with a public health mission, which develops 
web-based platforms and mobile applications to 
encourage healthy preventive lifestyle behaviors for 
clinical settings and corporate, academic, and 
community wellness initiatives. Dr. Millen is a 
nutrition epidemiologist whose academic research 
career focused on dietary patterns and lifestyle 
determinants of health and chronic disease risk as well 
as evidence-based clinical and public health strategies 
to promote optimal nutrition and well-being in younger 
and older adults as well as low-income and minority
populations. During her 30-year tenure at Boston
University, she was the Founding Chairman of the 
Graduate Programs in Medical Nutrition Sciences, the 
Associate Dean for Research and Faculty Development 
of the School of Public Health, the Chairman of the 
Faculty Council, and Director of Nutrition Research for
the internationally-renowned Framingham Heart Study. 
She has advised research groups nationally and 
globally, including the World Health Organization, and
served from 2008 to 2013 on the expert panels for the
American Heart Association (AHA)/American College 
of Cardiology (ACC)/The Obesity Society (TOS)
Guideline for the Management of Overweight and 
Obesity in Adults and the AHA/ACC Guideline on
Lifestyle Management to Reduce Cardiovascular Risk. 

Vice Chair: Alice H. Lichtenstein, DSc: Stanley N. 
Gershoff Professor of Nutrition Science and Policy, 
Friedman School of Nutrition Science and Policy, Tufts 
University, Boston, MA. Dr. Lichtenstein is also 
Director and Senior Scientist, Cardiovascular Nutrition
Laboratory, Jean Mayer USDA Human Nutrition 
Research Center on Aging and Professor of Medicine 
at Tufts University School of Medicine. Dr. 
Lichtenstein has broad expertise in nutrition and 
cardiovascular disease risk reduction. She previously
served as a member of the 2000 Dietary Guidelines 
Advisory Committee and as a member of the Institute 
of Medicine (IOM) Dietary Reference Intake Panel on 

Macronutrients. Dr. Lichtenstein recently served as the 
vice-chair of the IOM Committee on Examination of 
Front-of-Package Nutrient Rating System and 
Symbols, a member of the IOM Committee on the
Consequences of Sodium Reduction in Populations, the 
vice-chair of the ACC/AHA Guideline on the 
Treatment of Blood Cholesterol to Reduce 
Atherosclerotic Cardiovascular Risk in Adults expert 
panel, a member of the AHA/ACC Guideline on
Lifestyle Management to Reduce Cardiovascular Risk
expert work group, and is chair of the American Heart
Association's Nutrition Committee. She is currently a 
member of the IOM Food and Nutrition Board. 

Steven Abrams, MD: Professor of Pediatrics, Baylor 
College of Medicine, Houston, TX. Dr. Abrams also is 
an Adjunct Professor at the University of Texas School
of Public Health and the Medical Director for the 
Neonatal Nutrition Program at Baylor College of 
Medicine. He is an expert on mineral requirements in 
children, including calcium, zinc, iron, magnesium, and 
copper. He has served on the IOM Panels on Calcium
and Vitamin D and the Use of Dietary Reference
Intakes in Nutrition Labeling, and on the IOM 
Subcommittee on Upper Safe Reference Levels of
Nutrients. Dr. Abrams currently is a member of the 
American Academy of Pediatrics Committee on
Nutrition and the American Society for Bone and 
Mineral Research.  

Lucile Adams-Campbell, PhD: Professor of 
Oncology, Georgetown University Medical Center, 
Lombardi Comprehensive Cancer Center, Washington, 
DC. Dr. Adams-Campbell also serves as the Associate
Director of Minority Health and Health Disparities 
Research and Associate Dean of Community Health 
and Outreach at Georgetown University Medical
Center Lombardi Comprehensive Cancer Center. Dr. 
Adams-Campbell is an epidemiologist who specializes 
in community health research, interventions, and 
outreach and is a current member of the Institute of 
Medicine of the National Academies. She has played a 
leading role in the Washington, DC cancer and public 
health communities. Her research focuses on energy
balance, diet and exercise. Dr. Adams-Campbell has 
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participated in and led several large cohort studies of 
African-American women, and she played a leading
role in bringing the Boston University Black Women's
Health Study to the District of Columbia²the largest 
study of African-American women. 

Cheryl Anderson, PhD, MPH: Associate Professor of 
Preventive Medicine, Department of Family and 
Preventive Medicine, School of Medicine, University of 
California, San Diego, La Jolla, Calif. Dr. Anderson 
also is an Adjunct Associate Professor, Department of 
Epidemiology at the Bloomberg School of Public 
Health, Johns Hopkins University. Her research 
expertise includes evaluating the role of nutritional 
factors in chronic disease prevention in minority and 
underserved populations, with emphasis on the role of
dietary sodium and potassium intake in cardiovascular 
disease prevention. Dr. Anderson currently serves as a
member of the IOM Food and Nutrition Board and has 
served on several other IOM committees including the 
2013 IOM Committee on the Consequences of Sodium
Reduction in Populations. 

J. Thomas Brenna, PhD: Professor of Human 
Nutrition, of Chemistry and Chemical Biology, and of 
Food Science, Cornell University, Ithaca, NY. Dr. 
Brenna also is an Adjunct Professor, Department of
Public Health Sciences at the University of Rochester 
College of Medicine and Dentistry. He is an expert in
the field of fatty acid and lipid metabolism and in food
fatty acid composition. His research focuses on the role
of polyunsaturated fatty acids throughout the life cycle,
in particular the effect of intake during pregnancy and 
lactation on fetal and infant development. Dr. Brenna
has served as a panelist and author for the Expert 
Consultancy on Fats and Fatty Acids in Human 
Nutrition for the Food and Agriculture Organization 
and the World Health Organization. 

Wayne Campbell, PhD: Professor, Department of
Nutrition Science, Purdue University, West Lafayette, 
IN. Dr. Campbell also is an Adjunct Faculty in the 
Department of Health and Kinesiology, Purdue 
University. He is the Director of the Indiana Clinical
Research Center at Purdue, which is a component of
the NIH-supported Indiana Clinical and Translational 
Science Institute at the Indiana University School of 
Medicine. Dr. Campbell's expertise includes 
determining the dietary protein requirements of old and 
very old adults and evaluating the effects of protein,
carbohydrate, and energy intakes and exercise training 

on macronutrient metabolism, body composition, and 
muscle strength and function. In addition, his research 
endeavors include studying the effects of food form, 
portion size, and dietary patterning on appetite and 
weight control with a special emphasis on the aging
population.  

Steven Clinton, MD, PhD: John B. and Jane T. 
McCoy Chair of Cancer Research, The Ohio State 
University Comprehensive Cancer Center, and 
Professor, Division of Medical Oncology, Department
of Internal Medicine, The Ohio State University School 
of Medicine, Columbus, OH. Dr. Clinton also holds 
appointments in the Department of Human Nutrition in
the College of Education and Human Ecology and in 
the Division of Environmental Health Sciences in the 
College of Public Health. He is a physician-scientist
who has devoted his career to research in cancer 
etiology and prevention. Dr. Clinton's research focuses 
on epidemiology, clinical trials, community research, 
and experimental models, as well as cell and molecular 
systems. He has published extensively on the role of 
dietary energy balance and obesity in cancer risk, on a 
variety of foods associated with cancer prevention 
properties, as well as on several nutrients including
vitamin D, calcium, omega-3 fatty acids, and vitamin 
E. He served on the IOM Committee on Dietary
Reference Intakes for Vitamin D and Calcium. 

Frank Hu, MD, PhD, MPH: Director, Harvard 
Transdisciplinary Research in Energetics and Cancer 
Center, Department of Nutrition, Harvard School of
Public Health, Boston, MA. Dr. Hu also serves as 
Director, Boston Nutrition and Obesity Research 
Center Epidemiology and Genetics Core, a Professor of 
Nutrition and Epidemiology at the Harvard School of 
Public Health, and a Professor of Medicine at Harvard 
Medical School and Channing Division of Network
Medicine, Brigham and Women's Hospital. Dr. Hu is 
an epidemiologist and an expert in the areas of dietary
and lifestyle determinants of obesity, type 2 diabetes, 
and cardiovascular disease. He is the principal 
investigator for the diabetes component of the Nurses'
Health Study. Dr. Hu has served as an academic leader 
in a variety of roles, including on the National Heart, 
Lung, and Blood Institute Obesity Guidelines Expert
Panel and the IOM Committee on Preventing the 
Global Epidemic of Cardiovascular Disease. 
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Miriam Nelson, PhD: Associate Dean, Jonathan M. 
Tisch College of Citizenship and Public Service, Tufts 
University, Boston, MA. Dr. Nelson also is a Professor 
in the Friedman School of Nutrition Science and 
Policy. Dr. Nelson is an expert on nutrition and 
physical activity, with extensive research experience 
integrating the science of energy balance into national-
scale approaches. Her work combines civic 
engagement, public policy, communications, and 
systems thinking to create change. Dr. Nelson is 
Founder of the Strong Women Initiative and Co-
Founder of ChildObesity180 at Tufts University. Dr. 
Nelson served as Vice Chair of the Physical Activity
Guidelines Advisory Committee in 2008 and was a 
member of the 2010 Dietary Guidelines Advisory
Committee.  

Marian Neuhouser, PhD, RD: Full Member, Cancer 
Prevention Program, Division of Public Health
Sciences, Fred Hutchinson Cancer Research Center, 
Seattle, WA. Dr. Neuhouser also is an Affiliate 
Professor in the Department of Epidemiology and Core
Faculty in the Graduate Program in Nutritional 
Sciences, School of Public Health, University of 
Washington. Dr. Neuhouser is a nutritional 
epidemiologist with broad experience in large clinical 
trials, including the Women's Health Initiative and the 
Prostate Cancer Prevention Trial, small-scale 
controlled dietary interventions, and large 
observational cohorts. She has expertise in the role of 
numerous dietary components in cancer risk, including
carbohydrates, dietary fiber, and vitamin D. Her 
research focuses on methods to improve diet and 
physical activity assessment, diet and physical activity
in relation to energy balance, diet-related health 
disparities, and dietary factors related to breast and 
prostate cancer prevention and survivorship. 

Rafael Pérez-Escamilla, PhD: Professor of 
Epidemiology and Public Health, Yale School of Public
Health, New Haven, CT. Dr. Pérez-Escamilla also 
serves as Director, Office of Public Health Practice and 
the Global Health Concentration at the Yale School of 
Public Health. He is an internationally recognized 
scholar in the area of community nutrition. Dr. Pérez-
Escamilla has specialized experience with Hispanic and 
low-income Americans, as well as populations in low
and middle income countries. His research program
seeks to understand how best to protect, promote, and 
support breastfeeding, causes and consequences of 
food insecurity, and how to improve diabetes self-

management through community health workers. Dr. 
Pérez-Escamilla has published numerous articles that 
have led to improvements in breastfeeding outcomes, 
iron deficiency anemia among infants, household food 
security measurement, and community nutrition 
education programs worldwide. He is past-chair of the 
Global Nutrition Council of the American Society for 
Nutrition and is a member of the IOM Food and 
Nutrition Board. Previously, Dr. Pérez-Escamilla 
served as a member of the IOM Committee to Re­
examine IOM Pregnancy Weight Guidelines and was a 
member of the 2010 Dietary Guidelines Advisory
Committee.  

Anna Maria Siega-Riz, PhD, RD (1983 ± 2014):
Associate Dean for Academic Affairs and Professor, 
Departments of Epidemiology and Nutrition, Gillings 
School of Global Public Health, University of North 
Carolina at Chapel Hill, Chapel Hill, NC. Dr. Siega-
Riz serves as the Program Leader for the Reproductive, 
Perinatal, and Pediatric Program in the Department of
Epidemiology. Dr. Siega-Riz has focused her research
on maternal nutritional status, including maternal 
obesity and gestational weight gain and their effect on 
birth outcomes as well as the determinants of early
childhood obesity. She studies dietary patterns among
Hispanic adults and children, in general, and served on
the Scientific Advisory Panel for the Feeding Infants 
and Toddlers Study. Dr. Siega-Riz has served on 
multiple committees for the IOM, examining topics 
from the WIC food packages to standards for
systematic reviews in health care and currently serves 
on the advisory council of the National Heart, Lung, 
and Blood Institute.  

Mary Story, PhD, RD: Professor, Community and 
Family Medicine and Global Health, Duke University,
Durham, NC. Before coming to Duke in January 2014 
she was Senior Associate Dean for Academic and 
Student Affairs and Professor in the Division of 
Epidemiology and Community Health in the School of
Public Health, University of Minnesota. Dr. Story
concurrently serves as Director of the National 
Program Office for the Robert Wood Johnson 
Foundation Healthy Eating Research Program that 
supports research on environmental and policy
strategies to promote healthy eating among children to 
prevent childhood obesity. She has conducted 
numerous school and community-based environmental 
intervention and obesity prevention studies for 
children, adolescents, and families. Dr. Story was 
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elected to the IOM in 2010 and is currently a member 
of the IOM Food and Nutrition Board and vice co-chair 
of the IOM Roundtable on Obesity Solutions. 

&RQVXOWDQW�6XEFRPPLWWHH�0HPEHUV�WR�WKH� 
�����'*$&� 

Timothy S. Griffin, PhD: Director, Agriculture and 
Environment Program, Friedman School of Nutrition 
Science and Policy, Tufts University, Boston, MA. Dr. 
Griffin also is an Associate Professor at Tufts 
University where he serves on the Water: Systems, 
Science and Society faculty steering committee and is a 
Faculty Co-Director for the Tufts Institute for the
Environment. His research expertise and interests 
include the intersection of agriculture and the
environment, and the development and implementation 
of sustainable production systems. Previously he 
worked as a Research Agronomist and Lead Scientist
with USDA-ARS New England Plant Soil and Water 
Lab, and as Extension Sustainable Agriculture 
Specialist at the University of Maine.  

Michael W. Hamm, PhD: Director, Center for 
Regional Food Systems, Michigan State University, 
East Lansing, MI. Dr. Hamm is also the C.S. Mott 
Professor of Sustainable Agriculture in the Department
of Community Sustainability in the College of
Agriculture and Natural Resources and has 
appointments in the Department of Food Science 
Human Nutrition and the Department of Plant, Soil and 
Microbial Sciences at Michigan State University. His 
research expertise and interests include regional and 
sustainable food systems and food security. 

Michael G. Perri, PhD, ABPP: Dean, College of
Public Health and Health Professions University of 
Florida; Gainesville, FL. Dr. Perri is also the Robert G. 
Frank Endowed Professor of Clinical and Health 
Psychology. His research focuses on health promotion
and disease prevention through changes in diet and
physical activity. His NIH-funded studies involve the 
translation, dissemination, and implementation of 
effective programs for the management of obesity in 
underserved rural communities. Dr. Perri has served as 
a member on NIH data and safety monitoring boards, 
including serving as chair of the recent NIH/NHLBI
Data and Safety Monitoring Board foU�WKH�³($5/<� 
Weight Loss TrLDOV�´ 
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$SSHQGL[�(����:RUN�6WUXFWXUH�DQG�0HPEHU�
2UJDQL]DWLRQ� 
:RUN�*URXS�6WUXFWXUH� 

Work structure from inception through fall 2013. 

:RUN�*URXS����(QYLURQPHQWDO�'HWHUPLQDQWV�RI�
)RRG��'LHW��DQG�+HDOWK� 

Miriam Nelson (Lead)
Steven Abrams 
Lucile Adams-Campbell
Mary Story 

:RUN�*URXS����'LHWDU\�3DWWHUQV�DQG�4XDOLW\� 
DQG�2SWLPL]DWLRQ�WKURXJK�/LIHVW\OH�%HKDYLRU�
&KDQJH� 

Rafael Pérez-Escamilla (Lead) 
Cheryl Anderson
Gary Foster* 

Frank Hu 
Anna Maria Siega-Riz 

:RUN�*URXS����)RRGV��%HYHUDJHV��DQG�
1XWULHQWV�DQG�7KHLU�,PSDFW�RQ�+HDOWK� 
2XWFRPHV� 

Alice H. Lichtenstein (Lead)
J. Thomas Brenna 
Wayne Campbell
Steven Clinton 
Marian Neuhouser 

* Dr. Gary Foster assumed a new position shortly after 
being appointed as a member of the 2015 DGAC. Due 
to the significant demands of the new position, it
became necessary for Dr. Foster to resign his 
appointment to the 2015 DGAC (August 2013). 

6XEFRPPLWWHH�6WUXFWXUH� 

Work structure from fall 2013 through completion of
the report. 

6FLHQFH�5HYLHZ�6XEFRPPLWWHH� 

(In place from inception through completion of the 
report.) 

Barbara Millen (Chair) 

Alice H. Lichtenstein (Vice Chair) 

Miriam Nelson (2010 and 2015 DGAC member)

Rafael Pérez-Escamilla (2010 and 2015 DGAC 

member)
 
 


6&����)RRG�DQG�1XWULHQW�,QWDNHV��DQG�+HDOWK��
&XUUHQW�6WDWXV�DQG�7UHQGV� 

Marian Neuhouser (Chair) 
Alice H. Lichtenstein (Chair/Vice Chair
Representative)
Steven Abrams 
Cheryl Anderson
Mary Story 

6&����'LHWDU\�3DWWHUQV��)RRGV�DQG�1XWULHQWV��
DQG�+HDOWK�2XWFRPHV� 

Anna Maria Siega-Riz (Chair)
Alice H. Lichtenstein (Chair/Vice Chair
Representative)
Cheryl Anderson
Tom Brenna 
Steven Clinton 
Frank Hu 
Rafael Pérez-Escamilla 
Marian Neuhouser 
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6&����'LHW�DQG�3K\VLFDO�$FWLYLW\�%HKDYLRU� 
&KDQJH� 

Rafael Pérez-Escamilla (Chair) 
Barbara Millen (Chair/Vice Chair Representative) 
Wayne Campbell 
Steven Clinton 
Anna Maria Siega-Riz
Lucile Adams-Campbell
Michael Perri (Consultant) 

6&����)RRG�DQG�3K\VLFDO�$FWLYLW\�
(QYLURQPHQWV� 

Mary Story (Chair)
Barbara Millen (Chair/Vice Chair Representative) 
Lucile Adams-Campbell
Wayne Campbell
Mim Nelson 

6&����)RRG�6XVWDLQDELOLW\�DQG�6DIHW\� 

Mim Nelson (Chair)

Barbara Millen (Chair/Vice Chair Representative) 

Steven Abrams  
 
 
Tom Brenna
 
 

Frank Hu 
 
 
Michael Hamm (Consultant) 

Tim Griffin (Consultant) 
 
 

:RUNLQJ�*URXS�6WUXFWXUH� 

Work structure developed as need identified from 
spring 2014 through completion of report. 

$GGHG�6XJDUV�:RUNLQJ�*URXS� 

Miriam Nelson (Co-Lead) 
Mary Story (Co-Lead) 
Cheryl Anderson
Wayne Campbell
Frank Hu 
Alice H. Lichtenstein 
Barbara Millen 
Marian Neuhouser 

6RGLXP�:RUNLQJ�*URXS� 

Cheryl Anderson (Lead) 
Wayne Campbell 
Steven Clinton 
Alice H. Lichtenstein 

6DWXUDWHG�)DW�:RUNLQJ�*URXS� 

Frank Hu (Lead) 
Tom Brenna 
Alice H. Lichtenstein 
Barbara Millen 

3K\VLFDO�$FWLYLW\�:ULWLQJ�*URXS�
Miriam Nelson (Lead) 

Wayne Campbell
Alice H. Lichtenstein 
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$SSHQGL[�(-�����'LHWDU\�*XLGHOLQHV� 
$GYLVRU\�&RPPLWWHH�5HSRUW� 
$FNQRZOHGJPHQWV
 
Invited Expert Speakers 

Steven Abrams, MD 
Dawn Alley, PhD 
Sonia Angell, MD, MPH
Amelia Arria, PhD
Robert Brackett, PhD 
Laurel Bryant,  
Kathryn B. H. Clancy, PhD 
William H. Dietz, MD, PhD  
Linda Duffy, PhD, MPH
Robert H. Eckel, MD
Lorraine Gunzerath, PhD, MBA
Van Hubbard, MD, PhD
Susan M. Krebs-Smith, PhD, MPH, RD
Antonia Mattia, PhD
J. Michael McGinnis, MD, MA, MPP
Kathleen Merrigan, PhD
Alanna Moshfegh, MS, RD 
Suzanne Murphy, PhD, RD 
Catherine Oakar, MPH 
Rafael Pérez-Escamilla, PhD 
Barry M. Popkin, PhD 
John Ruff, MA 
Michael B. Rust, PhD 
Jill Reedy PhD, MPH, RD 
Donna H. Ryan, MD 
Marie-Pierre St-Onge, PhD, FAHA
Pam Starke-Reed, PhD
Patrick Stover, PhD
Deborah F. Tate, PhD 
Katherine Tucker, PhD
Connie M. Weaver, PhD
CAPT Andrew Zajac 

Staff, Contract, and/or Technical Support 

Nadine S. Braunstein, PhD, RD 
Eileen Dykes, MS, RD 
Janet East 
Janie Fleming
Yolande Gary
Vibhuti Giltrap 
Joseph Goldman, MA 
Hazel Hiza, PhD, RDN 
Joy Jackson Farrar
Ashlee Johnson 
Olga Nelson
Andrea Popp 
Cikena Reid 
Ronnie Rogers 
Ken Ryland 
India Taylor
Jennifer Wilkinson 
Miyuki Shimizu, PhD Candidate 
Jeff Steele 
Teresa T. Fung, ScD, RD 
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National Service Volunteer Evidence 
Abstractors 

Brian R. Barrows, PhD 
Samantha Berger, MS, MPH 
Cynthia Blanton, PhD, RD 
Stacy Blondin, MSPH
Eric Calloway, PhD 
Sheau Ching Chai, PhD, RD
Sarah Forrestal, PhD 
Carol C. Giesecke, PhD, RD, LDN
Maryam S. Hamidi, MSc, PhD
Heidi L. Himler, MPH, RD, LD 
Tiffany Huang, MS 
Sarah A. Johnson, PhD, RD, CSO
J. Philip Karl MS, RD 
Lydia Kaume PhD 
Alexandra Kazaks, PhD, RDN 
Kathryn Lawson, MS, RDN, CD 
Annie W. Lin, MS, RD, CDN
Dalia Majumdar, PhD 
Melissa A. Masters, PhD, RDN
Kevin Pietro, MS, RD, LDN 
Maja Redzic, MS 
Amy Steffey, DVM, MPH  
Maria L. Stewart, PhD 
Libo Tan, PhD
Alison K. Ventura, PhD 
Ding Ding Wang, MPH 
Marquitta C. Webb, PhD., LN
Sahar Zaghloul, MBBS, PhD 
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