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PART D. CHAPTER 9: DIETARY FATS AND SEAFOOD

INTRODUCTION

Since its inception in 1980, the Dietary Guidelines for Americans has offered evidence-
based recommendations on dietary fats due to their well-documented influence on
cardiometabolic disease risk, including weight regulation. This chapter updates and expands the
review conducted by the 2015 Dietary Guidelines Advisory Committee, which focused on
saturated fat and replacement with other fatty acids or carbohydrates.” Seafood is also a high
priority dietary exposure of interest, due both to its unique nutrient contributions, particularly the
omega-3 fatty acids, and its role as a food component within dietary patterns. The reviews
undertaken by the Committee examined these topics with a life course approach, beginning with
pregnancy, lactation, and early childhood and continuing throughout adulthood.

Past reviews of the scientific literature on the relationship between dietary fat intake and
cardiovascular disease (CVD) risk have included research from Federally-funded, longitudinal,
multi-site studies going back to the 1960s. These landmark studies, both clinical trials and
prospective cohort studies (PCSs), continue to guide clinical practice for advancing
cardiovascular health of Americans. For the current review on dietary fats, the 2020 Dietary
Guidelines Advisory Committee examined evidence from studies conducted in adults published
since the 2015 Committee’s review of saturated fat and risk of CVD. This Committee’s review
considered fat types, amounts, proportions, and replacement. The types of fat considered in the
systematic review included saturated fat, omega-3 and omega-6 polyunsaturated fats,
monounsaturated fat, and dietary cholesterol. Additionally, the Committee examined evidence
on dietary fat intake and risk of CVD in children from 1990 to present.

Although the Committee initially sought to conduct its dietary fats review on a range of
health outcomes including CVD, all-cause mortality, certain types of cancer, and neurocognitive
health, it ultimately chose to focus on CVD outcomes. However, two of these outcomes—all-
cause mortality and cancer—were included in the Committee’s reviews of dietary patterns,
which took into account not only the dietary fat component of the diet but all other food
components (see Part D. Chapter 8: Dietary Patterns).

Seafood intake also is of public health interest due to its association with reduced CVD risk?
as well as with potentially beneficial neurocognitive outcomes. The Committee reviewed the
current literature pertaining to seafood consumption during childhood and adolescence and risk

of CVD and neurocognitive outcomes that present in both childhood and adulthood. The
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childhood neurocognitive outcomes explored included the developmental domains, academic
performance, attention deficit disorder (ADD) or attention-deficit’/hyperactivity disorder (ADHD),
autism spectrum disorder (ASD), anxiety, and depression. The adulthood outcomes included
cognitive decline, mild cognitive impairment, dementia, anxiety, and depression. For purposes
of these reviews, seafood was defined as marine animals that live in the sea and in freshwater
lakes and rivers. Seafood includes fish (e.g., salmon, tuna, trout, tilapia) and shellfish (e.g.,
shrimp, crabs, oysters).3

The Committee also reviewed seafood intake during pregnancy and lactation and
neurocognitive development of the infant. These topics are discussed in Part D. Chapter 2:
Food, Beverage, and Nutrient Consumption During Pregnancy and in Part D. Chapter 3:
Food, Beverage, and Nutrient Consumption During Lactation.

Diet and neurocognitive health is an emerging and complex topic reviewed by this
Committee, which sought to expand upon the reviews of the 2015 Committee examining dietary
patterns and neurological and psychological illnesses. Although still a relatively under-
researched area of scientific inquiry, the study of this relationship is expanding and could offer
additional insight into how to promote optimal brain health and/or reduce the risk of

neurocognitive diseases.

Current Intakes of Dietary Fat

The 2015-2020 Dietary Guidelines for Americans encourage replacement of saturated fat
with unsaturated fat while keeping saturated fat intake to less than 10 percent of calories per
day,? however only 23 percent of the U.S. population report intakes aligned with this guidance
(see Part D. Chapter 1: Current Intakes of Foods, Beverages, and Nutrients). Saturated fats
are found in the highest amounts in tropical oils (i.e., coconut, palm kernel and palm), butter,
and animal (beef, pork, and chicken) fats. Common food sources of saturated fat are mixed
dishes containing cheese and/or meat, pizza, full fat dairy products (cheese, cream and ice
cream, and whole milk), and baked goods and sweets. Both the 2015 Committee and this 2020
Committee identified saturated fat as a nutrient of concern for overconsumption because
saturated fat intakes exceed current recommendations (see Chapter 1 and the 2015 Dietary
Guidelines Advisory Committee report).3

Mean saturated fat intake in the U.S. population ages 2 years and older in 2015-2016 was
approximately 12 percent of total daily calories (2 percentage points higher than guidance),
regardless of sex and age, according to National Health and Nutrition Examination Survey.* By

race and ethnicity, non-Hispanic whites had the highest intake (12.2 percent daily calories) and
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non-Hispanic Asians had the lowest intake (9.7 percent daily calories). Non-Hispanic whites had
the highest prevalence (83 percent) of those exceeding the recommended limit of less than 10
percent energy contribution from saturated fat, followed by Hispanics (70 percent), non-Hispanic
blacks (69 percent), and non-Hispanic Asians (43 percent) based on the NHANES 2013-2016
data analysis (Energy contribution from NHANES 2013-2016; see Part D. Chapter 1).5

In contrast, saturated fat intake and its energy contribution varied little by family income as a
percentage of poverty level.* No significant trends in saturated fat intake by meal patterns,
snack occasions, or place of consumption were noted.*

The food category called “solid fat” includes a variety of fats, but predominantly saturated fat
and to a small extent, trans fat. This category includes the saturated fats naturally found in
animal products (e.g., meats, dairy) as well as vegetable sources with high saturated fat
content, like tropical oils, e.g., coconut oil and hydrogenated vegetable shortenings. Although as
a category, solid fat intake has decreased in recent years, as shown in NHANES data between
2003-2004 and 2015-2016, this appears to be largely attributable to the reduction of frans fat in
the food supply. No significant change in the percentage of energy from saturated fat has
occurred since the 1999-2000 NHANES.®

The top food subcategory sources of solid fats among American adults and children include
burgers and sandwiches (12 to 22 percent) and desserts and sweet snacks (14 to 19 percent).
Higher-fat milk/yogurt provide 19 percent of solid fats in the diets of children ages 2 to 5 years
and 11 percent of solid fats among those ages 6 to 11 years. Similar to sources of solid fats,
burgers and sandwiches are the top food subcategory source of oils across all age groups (15
to 20 percent). The next most common food subcategory source of oils is chips, crackers, and
savory snacks for individuals ages 2 to 49 years, and vegetables for individuals ages 51 years
and older (see Part D. Chapter 1).

Additionally, the 2015-2020 Dietary Guidelines for Americans recommend keeping dietary
cholesterol intake to a minimum while consuming a healthy eating pattern. In general, only
animal foods contain dietary cholesterol and some, such as fatty meats and full-fat cheese, are
also higher in saturated fats. The exceptions to this are eggs and shellfish (e.g., shrimp), which
are high in dietary cholesterol, but are not high in saturated fat. Currently, the mean intake of
dietary cholesterol is 282 mg per day for the general population ages 2 and older. Males have a
higher mean dietary cholesterol intake of 321 mg per day compared to 245 mg per day for
females.* This represents an increase in mean dietary cholesterol consumption compared to 4

years prior when the mean population intake was 267 mg per day.’

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 3



Part D. Chapter 9: Dietary Fats and Seafood

Current Intakes of Seafood

Current guidance on seafood encourages consumption of 8 ounces or more per week of a
variety of seafood for the general population,? with more specific guidance for women who are
pregnant. However, recent intake data document that most people do not meet this
recommendation, and, in fact, among both children and adults, seafood intake has decreased
since 2005-2006 (see Part D. Chapter 1).

Data from two 24-hour dietary recalls conducted as part of the What We Eat in America
component of NHANES 2013-2016 reported that among children (ages 1 to 18 years), usual
seafood intake was less than 0.3 ounce-equivalents per day and among adults, intake was 0.5
to 0.7 ounce-equivalents per day.® Given the episodic nature of seafood consumption in the
United States, a non-quantitative food-frequency questionnaire (FFQ) focusing on fish and
shellfish consumption during the previous 30 days was also administered as part of the same
NHANES survey. Based on these supplemental data, approximately 20 percent of adults
consumed seafood at least two times per week. Non-Hispanic Asian adults (41 percent) report a
higher frequency of consuming seafood at least two times per week, when compared to non-
Hispanic white (19 percent), non-Hispanic black (23 percent), and Hispanic (15 percent) adults.
Among youths ages 2 to 19 years, about 5 percent report consuming seafood at least two times
per week, with little variation by age group. Non-Hispanic Asian youth report a significantly
higher frequency of consuming seafood at least two times per week (20 percent), compared to
non-Hispanic white (4.1 percent), non-Hispanic black (7.5 percent), and Hispanic (4.8 percent)
youth.

This chapter will discuss the findings, limitations, and recommendations from the

Committee’s review of these important topics.

LIST OF QUESTIONS
Dietary Fats

1. What is the relationship between types of dietary fat consumed and risk of cardiovascular

disease?
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Seafood

2. What is the relationship between seafood consumption during childhood and adolescence
(up to 18 years of age) and risk of cardiovascular disease?
3. What is the relationship between seafood consumption during childhood and adolescence

(up to 18 years of age) and neurocognitive development?

METHODOLOGY

All questions discussed in this chapter were answered using systematic reviews conducted
with support from USDA'’s Nutrition Evidence Systematic Review (NESR) team. NESR'’s
systematic review methodology provided a rigorous, consistent, and transparent process for the
Committee to search for, evaluate, analyze, and synthesize evidence.

The Committee developed a systematic review protocol for each question, which described
how the Committee would apply NESR’s methodology to answer the question. The protocol
included an analytic framework and inclusion and exclusion criteria to guide identification of the
most relevant and appropriate body of evidence to use in answering each systematic review
question. Each analytic framework outlined core elements of the systematic review question
(i.e., population, intervention and/or exposure and comparator [i.e., the alternative being
compared to the intervention or exposure], and outcomes), and included definitions for key
terms, key confounders, and other factors to be considered when reviewing the evidence. The
inclusion and exclusion criteria were selected, up front, to operationalize the elements of the
analytic framework, and specify what made a study relevant for each systematic review
question.

Next, a literature search was conducted to identify all potentially relevant articles, and those
articles were screened by two NESR analysts independently, based on the criteria selected by
the Committee. For each included article, data were extracted and risk of bias assessed. The
Committee qualitatively synthesized the body of evidence to inform development of a conclusion
statement(s), and graded the strength of evidence using pre-established criteria for risk of bias,
consistency, directness, precision, and generalizability. Finally, recommendations for future
research were identified. A detailed description of NESR’s systematic review methodology is
provided in Part C. Methodology, including standard inclusion and exclusion criteria applied in
many of the Committee’s systematic reviews. Complete documentation of each systematic

review is available on the following website: nesr.usda.gov/2020-dietary-guidelines-advisory-
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committee-systematic-reviews. Below is a summary of the unique elements of the protocols

developed to answer the dietary fats and seafood questions addressed in this Chapter and in
Part D. Chapter 2: Food, Beverage, and Nutrient Consumption During Pregnancy and Part

D. Chapter 3: Food, Beverage, and Nutrient Consumption During Lactation.

Dietary Fats

Question 1 was answered using a new systematic review conducted with support from
USDA’s NESR team to build on evidence reviewed by the 2015 Committee. A description of the
process the 2020 Committee used when existing systematic reviews were available is provided
in Part C. Methodology. In addition, detailed information about the 2015 Committee’s review of
the evidence can be found in their report, which is available at the following website:

dietaryquidelines.gov/current-dietary-guidelines/process-develop-2015-2020-dg/advisory-

committee.

For the current review, the intervention or exposure of interest was types of dietary fat,
including saturated fat, omega-3 and omega-6 polyunsaturated fats, monounsaturated fat, and
dietary cholesterol. The comparators of interest were consumption of different types, sources,
amounts, and/or proportions of dietary fats, or replacement with other dietary fats,
carbohydrates, and/or protein. To maintain the focus of the review on types of dietary fat, the
Committee established criteria for the intervention and exposure to exclude studies that:

¢ Did not assess consumption of type(s) of dietary fats (e.g., studies that examined only

biomarkers for consumption),

e Assessed only total fat intake or overall macronutrient composition; frans fat; intake of fat

from supplements or fish oils; or human milk and/or infant formula,

e Examined food products not widely available to U.S. consumers, or

¢ Examined multi-component interventions that do not isolate the impact of type of fat.

The population of interest for the intervention or exposure was infants and toddlers (birth to
age 24 months, children and adolescents (age 2 to 18 years), adults (ages 19 to 64 years), and
older adults (ages 65 years and older).

Outcomes of interest included both CVD intermediate and endpoint health outcomes, and
the types of outcomes examined varied by population (i.e., children or adults) and study design.
Intermediate outcomes included blood pressure (systolic and diastolic; in children only), and
blood lipids (i.e., total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density

lipoprotein cholesterol (HDL-C), and triglycerides in children and adults). The original protocol
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also included lipid ratios (e.g., LDL-C:HDL-C ) and blood pressure in adults, but these were later
removed to focus on the strongest predictors of CVD and due to the lack of evidence on the
effect of types of dietary fat on blood pressure, respectively. Endpoint CVD health outcomes
included CVD (i.e., myocardial infarction, coronary heart disease, coronary artery disease,
congestive heart failure, and peripheral artery disease), stroke, venous thrombosis, and CVD-
related mortality.

To focus on the strongest available evidence, additional criteria were employed to specify
which study designs were eligible for inclusion depending on the outcomes being examined. For
adults (ages 19 years and older), only evidence on intermediate outcomes from controlled trials,
both randomized controlled trials (RCTs) and non-randomized controlled trials, was included,
whereas evidence on endpoint outcomes was considered from all included study designs. For
children (birth to age 18 years), evidence on intermediate and endpoint outcomes was
considered from all included study designs (i.e., RCTs and certain types of observational
studies). Furthermore, the Committee established inclusion and exclusion criteria for
intervention duration. For all experimental studies (RCTs and non-RCTs), studies were included
if the intervention duration was equal to or greater than 4 weeks; studies were excluded if the
intervention duration was less than 4 weeks. Interventions shorter than 4 weeks were
considered inadequate in length to assess change in blood lipids.

When establishing other inclusion and exclusion criteria, the Committee used standard
NESR criteria for publication status, language of publication, country, study participants, and
health status of study participants. The inclusion and exclusion criteria for date of publication
was selected to build on the evidence previously reviewed by the 2015 Committee, which
reviewed evidence only on adults, and therefore, the inclusion and exclusion criteria varied by
the age of study participants. Specifically, the publication date range for studies in children was
January 1990 to October 2019, and the date range for studies in adults was January 2010 to
October 2019.

Two literature searches were conducted to identify all potentially relevant articles for this
question on risk of CVD. The first search identified articles published between January 1990
and December 2009 on types of dietary fat consumed by children and adolescents. The second
search identified articles published between January 2010 and October 2019 on types of dietary
fat consumed by children, adolescents, and adults. After the two searches were conducted,

duplicate articles were removed, and the total number of articles were combined for screening.
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Seafood

Questions 2 and 3 in this chapter and questions on seafood consumption during pregnancy
(see Part D. Chapter 2: Food, Beverage, and Nutrient Consumption During Pregnancy)
and lactation (see Part D. Chapter 3: Food, Beverage, and Nutrient Consumption During
Lactation) were answered by conducting new NESR systematic reviews. The intervention or
exposure of interest was consumption of seafood. Studies that assessed only biomarkers of
seafood consumption (e.g., blood levels of omega-3 polyunsaturated fatty acids and
environmental pollutants) were excluded. The comparators of interest included different
amounts, frequency, timing, types, or sources of seafood. When evaluating whether a study’s
results represented a true effect of seafood consumption, the Committee considered multiple
factors such as 1) nutrients in seafood (e.g., omega-3 polyunsaturated fatty acids, iodine,
selenium, iron, fish protein, vitamin D), 2) environmental chemicals within seafood (e.g.,
methylmercury, persistent organic pollutants, and polychlorinated biphenyls), 3) blood and
human milk biomarkers of seafood intake (e.g., omega-3 polyunsaturated fatty acids, and
environmental pollutants), and 4) infant feeding mode. These factors, along with key
confounders, were considered while evaluating study findings and synthesizing evidence.

For Questions 2 and 3, the population of interest at intervention or exposure was children
and adolescents from birth to age 18 years. Seafood consumption in women during pregnancy
and lactation and neurocognitive development of the infant also was examined; results are
reported in Part D. Chapter 2 and Part D. Chapter 3.

For Question 2, the outcomes of interest included both CVD intermediate outcomes,
including blood pressure (systolic and diastolic) and blood lipids (i.e., TC, LDL-C and HDL-C
[including TC:HDL-C and LDL-C:HDL-C ratios], triglycerides), and CVD endpoint health
outcomes, including CVD (i.e., myocardial infarction, coronary heart disease, coronary artery
disease, congestive heart failure, peripheral artery disease), stroke, venous thrombosis, and
CVD-related mortality. The population of interest for CVD intermediate outcomes included
children and adolescents (ages 2 to 18 years), adults (ages 19 to 64 years) and older adults
(ages 65 years and older). The populations of interest for CVD endpoint health outcomes were
adults (ages 19 to 64 years) and older adults (ages 65 years and older).

For Question 3, and the questions regarding seafood consumption in women during
pregnancy and lactation and neurocognitive development of the child reported in Chapters 2
and 3, the outcome of interest was neurocognitive development. Neurocognitive development
included developmental domains, academic performance, ADD or ADHD, anxiety, depression,

and ASD. Developmental domains (including developmental milestones) were examined
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individually, as seafood intake may have different influences on different developmental
domains, and included cognitive, language and communication, movement and physical, and
social-emotional and behavioral development. In the questions regarding seafood consumption
in women during pregnancy or lactation, these outcomes were assessed in infants and toddlers
(birth to age 24 months), and in children and adolescents (ages 2 to 18 years). In Question 3 of
this chapter, these outcomes were assessed in children and adolescents (ages 2 to 18 years).
An existing systematic review previously conducted by USDA’s Nutrition Evidence Systematic
Review (NESR) team as part of the Pregnancy and Birth to 24 Months Project reviewed
evidence on seafood intake as a component of complementary feeding and neurocognitive
outcomes (developmental milestones). These findings are discussed in Part D Chapter 5:
Foods and Beverages Consumed During Infancy and Toddlerhood.® Question 3 also
examined neurocognitive health outcomes, including cognitive decline, mild cognitive
impairment, and dementia (including Alzheimer’s disease), anxiety, and depression assessed in
adults (ages 19 to 64 years) and older adults (age 65 years and older).

When establishing inclusion and exclusion criteria, the Committee used standard NESR
criteria for study design, publication status, language of publication, country, study participants,
and health status of study participants. One literature search from January 2000 to July 2019
was conducted to answer Question 2. Another literature search was conducted to identify
studies published from January 2000 to October 2019 to answer questions on seafood
consumption by children (Question 3) and women during pregnancy and lactation and

neurocognitive outcomes.
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REVIEW OF THE SCIENCE

Dietary Fats

Question 1. What is the relationship between types of dietary fat consumed
and risk of cardiovascular disease?

Approach to Answering Question: NESR systematic review

Conclusion Statements and Grades

Cardiovascular Disease Intermediate Outcomes: Children
Strong evidence demonstrates that diets lower in saturated fatty acids and cholesterol during
childhood result in lower levels of total blood and low-density lipoprotein cholesterol throughout

childhood, particularly in boys. Grade: Strong

Moderate evidence indicates that diets higher in polyunsaturated fatty acids during childhood
result in lower levels of total blood cholesterol throughout childhood, particularly in boys. Grade:

Moderate

Insufficient evidence is available to determine the relationship between monounsaturated fatty
acid intake during childhood and total blood and low-density lipoprotein cholesterol throughout
childhood. Grade: Grade Not Assignable

Insufficient evidence is available to determine the relationship between intake of types of dietary

fat during childhood and blood pressure throughout childhood. Grade: Grade Not Assignable

Cardiovascular Disease Endpoint Outcomes: Children
Insufficient evidence is available to determine the relationship between intake of types of dietary
fat during childhood and cardiovascular disease health outcomes during adulthood. Grade:

Grade Not Assignable
Cardiovascular Disease Intermediate Outcomes: Adults
Strong and consistent evidence from randomized controlled trials demonstrates that replacing

saturated fatty acids with unsaturated fats, especially polyunsaturated fatty acids, in adults
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significantly reduces total and low-density lipoprotein cholesterol. Replacing saturated fatty
acids with carbohydrates (sources not defined) also reduces total and low-density lipoprotein
cholesterol, but significantly increases triglycerides and reduces high-density lipoprotein
cholesterol. Since the 2015 Dietary Guidelines Advisory Committee review, evidence remains
inadequate to differentiate among sources of carbohydrate and their impact on blood lipids.

Grade: Strong

Insufficient evidence is available to determine an independent relationship between dietary
cholesterol intake in adults and blood lipids, given the co-occurrence of cholesterol with

saturated fats in foods. Grade: Grade Not Assignable

Cardiovascular Disease Endpoint Outcomes: Adults
Strong evidence demonstrates that replacing saturated fatty acids with polyunsaturated fatty
acids in adults reduces the risk of coronary heart disease events and cardiovascular disease

mortality. Grade: Strong

Insufficient evidence is available to determine whether replacing saturated fatty acids with
polyunsaturated fatty acids in adults affects the risk of stroke or heart failure. Grade: Grade Not

Assignable

Insufficient evidence is available to determine whether replacing saturated fatty acids with
different types of carbohydrates (e.g., complex, simple) in adults affects the risk of

cardiovascular disease. Grade: Grade Not Assignable

Limited evidence is available regarding whether replacing saturated fatty acids with
monounsaturated fatty acids in adults confers overall cardiovascular disease endpoint health
benefits. Main sources of monounsaturated fatty acids in a typical American diet are animal fats,
with co-occurrence of saturated fatty acids and monounsaturated fatty acids in these foods
thereby obscuring the independent association of monounsaturated fatty acids with
cardiovascular disease. Evidence reviewed from randomized controlled trials and prospective
studies demonstrated benefits of plant sources of monounsaturated fats, including olive oil and

nuts on cardiovascular disease risk. Grade: Limited
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Moderate evidence indicates that total intake of omega-3 polyunsaturated fatty acids,
particularly eicosapentaenoic acid and docosahexaenoic acid from food sources, by adults is

associated with lower risk of cardiovascular disease. Grade: Moderate

Limited evidence suggests that intake of linoleic acid, but not arachidonic acid, during adulthood
may be associated with lower risk of cardiovascular disease, including cardiovascular disease

mortality. Grade: Limited

Insufficient evidence is available from randomized controlled trials to quantify an independent
relationship between dietary cholesterol intake in adults and overall risk of cardiovascular

disease. Grade: Grade Not Assignable

Summary of the Evidence

Children

e This systematic review included 37 articles,%#¢ 22 articles from 7 RCTs and 16 articles from
14 prospective cohort studies (PCSs), published between January 1990 and October 2019
that examined the relationship between intake of types of dietary fat during childhood and
CVD risk. (Note: One article from an RCT also was analyzed as a PCS.)

o The RCTs modified child fat intake either through dietary counseling that focused
primarily on reducing saturated fat and dietary cholesterol intake, with additional
encouragement to increase polyunsaturated fat intake, or through provision of food
products (i.e., eggs, extra virgin olive oil, or oily fish) that differed in types of fat
including saturated fat, monounsaturated fat, polyunsaturated fat, and/or dietary
cholesterol.

o The PCSs primarily assessed saturated fat or polyunsaturated fat intake, with fewer
studies on monounsaturated fat or dietary cholesterol intake; only two studies modeled
replacement between different types of fat or macronutrients.

¢ Most included studies assessed the relationship between intake of types of dietary fat during
childhood and blood lipids.

o Evidence from RCTs predominantly indicated that consuming less saturated fat and
dietary cholesterol resulted in lower blood total cholesterol and LDL-C throughout
childhood, particularly in boys; evidence from PCSs was consistent with the RCTs.

o Although reduction of saturated fat intake was the primary focus of most RCTs,
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evidence from these RCTs also showed that higher polyunsaturated fat intake resulted

in decreased total blood cholesterol, particularly in boys; evidence from PCSs was

broadly consistent with the RCTs.

o Few studies, RCTs or PCSs, focused on the relationship between monounsaturated
fat intake and blood lipids and the results were predominantly null.

o The majority of studies assessed blood lipids during childhood; few assessed intake
of types of fat during childhood and blood lipids into early adulthood.

o Fewer studies assessed the relationship between intake of types of dietary fat during
childhood and blood pressure.

o It was difficult to discern the effect of consuming different types of fat in the RCT that
contributed the most evidence due to additional advice to reduce sodium consumption.

o Few PCSs were conducted on this topic and results were predominantly null.

e Only 1 study included in this review assessed the relationship between intake of types of
dietary fat during childhood and CVD endpoint outcomes and methodological limitations
related to the dietary assessment confounded interpretation of results. Therefore, no
conclusion could be drawn.

e Limitations of this body of evidence:

o Most articles did not report race and ethnicity, but those that did included predominantly
White or Caucasian participants.

o Some studies specifically recruited children with elevated or higher than average blood
lipid levels, reducing generalizability.

o RCTs had predominantly low risk of bias, but few pre-registered their analysis intentions
and several RCTs did not provide information on allocation of randomization
sequences.

o Although many PCSs accounted for most or many key confounders, all PCSs did not
account for at least one key confounder.

o Approximately half of the diet assessment methods used in the PCSs were not
validated; many PCSs had high attrition rates and did not provide information on those

lost to follow-up.

Adults
Adults: CVD Intermediate Outcomes

e This systematic review included 97 articles*’-'** that examined the relationship between

intake of types of dietary fat during adulthood and CVD intermediate outcomes, published
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between January 2010 and October 2019. Of these, 47 were from 47 parallel design RCTs,
46 were from 44 crossover design RCTs, and 5 were from non-RCT designs. (Note: One
parallel design RCT was also analyzed as a crossover design RCT.)
o The articles examined intake of saturated fat, monounsaturated fat, polyunsaturated fat,
and dietary cholesterol.
o The majority of articles specifically examined types of fat from different food sources,
including food sources that were predominantly fat (e.g., butter and olive oil).
¢ The relationship between types of dietary fat and blood lipids varied by the type of fat
examined and the comparator.

o Saturated fat intake: Predominantly null effects were reported for saturated fat intake

when replacement was not considered or when saturated fat was partially replaced by
carbohydrates. However, among the studies that detected significant effects, all
reported significantly higher total cholesterol, LDL-C, and HDL-C with higher intake of
saturated fat, compared to either lower intake of saturated fat or substitution with
carbohydrate.

o Replacement of saturated fat with monounsaturated fat: More than half of articles

reported a beneficial effect of replacing a portion of saturated fat intake with
monounsaturated fat intake on total cholesterol and LDL-C. Predominantly null effects
were reported for HDL-C and triglycerides.

o Replacement of saturated fat with polyunsaturated fat: More than half of articles

reported a beneficial effect of replacing a portion of saturated fat intake with
polyunsaturated fat intake on total and LDL-C. Predominantly null effects were reported
for HDL-C and triglycerides.

o Monounsaturated fat intake: Predominantly null effects were reported for

monounsaturated fat intake when replacement was not considered or when
monounsaturated fat was partially replaced with carbohydrates.

o Replacement of monounsaturated fat with polyunsaturated fat: Predominantly null

effects were reported in articles that examined partial replacement of monounsaturated
fat intake with polyunsaturated fat intake.
= Among the studies that found significant effects, the majority detected significantly
lower levels of or significant decreases in total cholesterol and LDL-C when
polyunsaturated fat intake replaced a portion of monounsaturated fat intake.
= Studies replacing a portion of monounsaturated fat intake with polyunsaturated fat

intake predominantly detected significant decreases or greater decreases in HDL-
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C and significantly higher levels of, smaller decreases in, or greater increases in
triglycerides.

Polyunsaturated fat intake: The vast majority of articles that assessed the effect of

polyunsaturated fat intake (without considering replacement) on total cholesterol, LDL-
C, or HDL-C and triglycerides were null. However, among the few articles that detected
significant effects, total cholesterol and LDL-C were significantly lower with greater
polyunsaturated fat intake, compared with lower polyunsaturated fat intake; HDL-C
significantly increased or had smaller decreases with greater polyunsaturated fat intake;
and triglycerides were significantly lower or had greater decreases with greater

polyunsaturated fat intake.

¢ Few articles published during the search years of the present review assessed the

relationship between dietary cholesterol intake and blood lipids

O

Predominantly null effects were reported for dietary cholesterol. However, among the
few articles that found significant results, higher intake of dietary cholesterol, compared
to lower intake, significantly increased or resulted in higher levels of total cholesterol,
LDL-C, and HDL-C.

In several articles, it was not possible to isolate the independent effect of dietary
cholesterol on blood lipids due to simultaneous changes in the total amount of fat or

proportion of different types of fat in the study diet.

¢ Limitations of this body of evidence:

O

o

Several articles involved small sample sizes and lacked sufficient power.

Race or ethnicity was not consistently reported, but among those studies that provided
this information, the majority included participants who were predominantly White or
Caucasian.

It was not possible to isolate the independent effect of saturated fat, monounsaturated
fat, polyunsaturated fat, or dietary cholesterol on blood lipids in several articles due to
simultaneous changes of those three types of fat.

The majority of articles did not control for other dietary components beyond the

intervention or test meal.

e This systematic review builds and expands on the work of the 2015 Committee, which

answered the question “What is the relationship between intake of saturated fat and risk of

cardiovascular disease?” and considered evidence from RCTs and PCSs from the 1960s to

2010. This systematic review concurs with and updates the conclusions drawn by the 2015

Committee.
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Adults: CVD Endpoint Outcomes

e This systematic review included 94 articles'+2¥" that examined the relationship between

intake of types of dietary fat during adulthood and CVD endpoint outcomes, published
between January 2010 and October 2019. Of these, 90 were from 47 PCSs and 4 were from

3 nested case-control studies.

O

The articles primarily examined saturated fat, total polyunsaturated fat, omega-3
polyunsaturated fat (including alpha-linolenic acid [ALA], eicosapentaenoic acid [EPA],
docosahexaenoic acid [DHA], or docosapentaenoic acid [DPA]), or monounsaturated
fat intake. Fewer articles examined omega-6 polyunsaturated fat (including linoleic acid
[LA] or arachidonic acid [AA]) or dietary cholesterol intake.

Several articles modeled replacement between different types of fats or macronutrients
or, in some cases, between different sources of the same type of fat. Few articles
specifically assessed food sources that are predominantly fat (i.e., butter and olive oil)

or types of fat from different food sources.

e The relationship between types of dietary fat and CVD endpoint outcomes varied by the type

of fat examined and the specific outcome assessed, with the most consistent results

observed when replacement was modeled.

O

Replacement of saturated fat with polyunsaturated fat: In this review, replacement of

saturated fat with polyunsaturated fat (predominantly total polyunsaturated fat) in many
studies was associated with significantly lower risk of CVD mortality and/or coronary
heart disease (CHD) or associations were null. Fewer articles in this review reported
data regarding the relationship between replacement of saturated fat with
polyunsaturated fat and other specific types of CVD including heart failure or stroke,
and results were predominantly null.

Replacement of saturated fat with carbohydrates: In this review, replacement of

saturated fat with carbohydrates and CVD outcomes were predominantly null. Most
articles did not specify or differentiate between the types of carbohydrate replacing
saturated fat (e.g., complex or simple carbohydrates/sugar).

Replacement of saturated fat with monounsaturated fat: In this review, predominantly

null associations were observed between replacement of saturated fat with
monounsaturated fat and total CVD and CHD. However, among the few articles that
differentiated plant and animal sources, monounsaturated fat from plants tended to be

associated with lower risk.

¢ In addition to articles that reported on total polyunsaturated fat intake, many specifically
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assessed omega-3 polyunsaturated fat and some assessed omega-6 polyunsaturated fat.

o Total omega-3 polyunsaturated fat: Predominantly null or beneficial associations were

observed between total omega-3 polyunsaturated fat intake and CVD outcomes.

Types of omega-3 polyunsaturated fat: When “long chain” omega-3 polyunsaturated fat

(EPA, DHA, and sometimes DPA), primarily from marine sources, were assessed
separately from ALA, more consistent associations with lower risk of CVD were
observed.

Total omega-6 polyunsaturated fat: Associations between total omega-6

polyunsaturated fat intake and CVD were predominantly null.

Types of omega-6 polyunsaturated fat: In the few articles specifically assessing LA and

AA separately, beneficial associations were more often observed for LA as compared to
AA.

Few articles, with inconsistent results, assessed the independent relationship between

dietary cholesterol intake and CVD endpoint outcomes, thereby further confounding

meaningful conclusions. Due to the co-occurrence of dietary cholesterol and saturated fat in

animal source foods, disentangling independent associations between dietary cholesterol

and CVD endpoint outcomes in these observational studies is challenging.

Limitations of this body of evidence:

O

Many articles did not report race or ethnicity, but the majority of those that did involved
participants who were predominantly White or Caucasian. Other important
characteristics of participants in some included articles did not mirror those of the U.S.
population, such as BMI and diet at baseline.

Although many articles accounted for the majority of key confounders, few accounted for
all key confounders.

Some studies did not use validated dietary assessment methods or were limited by high
attrition.

Although most studies included in this body of evidence were specifically designed to
evaluate the relationship between diet and CVD, several articles were less direct as a
result of being secondary analyses of RCTs or cohorts originally designed to assess

outcomes other than CVD.

This systematic review builds upon the work of the 2015 Committee, which answered the

question “What is the relationship between intake of saturated fat and risk of cardiovascular

disease?” and considered evidence from RCTs and PCSs from the 1960s to 2010.

o

Regarding the relationships between replacement of saturated fat with polyunsaturated
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fat or carbohydrate, this systematic review concurs with and updates the conclusions
drawn by the 2015 Committee, providing additional context regarding specific CVD
endpoint outcomes and the type of carbohydrate replacing saturated fat.

o Regarding the relationship between replacement of saturated fat with monounsaturated
fat, this systematic review concurs with and updates the conclusions drawn by the 2015

Committee.

For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-
subcommittee/dietary-fat-cardiovascular-disease

Discussion: Dietary Fats

Background

CVD remains the leading cause of death in the United States, currently totaling 647,000
deaths per year.?*82% This 2020 Committee updated and expanded the 2015 Committee’s
review of the evidence on dietary fats and CVD risk in children and adults. This Committee
conducted a systematic review of more recent studies, including those examining the effects of
dietary saturated fat intake and its replacement by other types of fats, specifically
polyunsaturated fat, monounsaturated fat, and carbohydrates as they relate to intermediate
(e.g., blood lipids, blood pressure) or endpoint CVD outcomes (e.g., incidence of, or mortality
from, CVD). Previous research has found that RCTs that reduced dietary saturated fat or
replaced saturated fat with polyunsaturated fat from vegetable oil reduced CVD by
approximately 30 percent, similar to the reduction achieved by statin treatment.?*° Likewise,
cross-cultural PCSs report that reduced saturated fat intake, along with higher polyunsaturated
fat or monounsaturated fat intake, are associated with reduced incidence of CVD and all-cause
mortality.?*® Conversely, replacement of saturated fat with refined carbohydrates and/or added
sugars is not consistently associated with lower rates and may cause higher rates of CVD.
Replacement of saturated fat with unsaturated fat lowers LDL cholesterol (LDL-C), a known
cause of atherosclerosis, also called Atherosclerotic Cardiovascular Disease (ASCVD). ASCVD
is distinct from stroke, heart failure or other components commonly included more broadly within
CVD terminology.

The following sections will discuss the Committee’s findings about the relationship of dietary
fat with various outcomes in children and in adults and will highlight areas in which additional

research is needed. These areas are described in greater detail in Part E. Future Directions.
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Studies in Children

Dietary fat contributes energy (calories) to the diet of growing children and is especially
important in infants and young children because they are not able to consume very large
quantities of food at one time. Therefore, the higher caloric density of fat (9 calories/gram,
compared to protein and carbs, which have 4 calories/gram) is important because it helps to
meet the energy demands of the rapid growth that occurs during this life stage. Fatty acids also
play a major role in brain development and other important physiological functions. Before the
age of 12 months, approximately 40 percent of energy intake comes from dietary fats, with a
reduction to about 30 percent from age 24 months throughout preschool years (see Part D.
Chapter 1: Current Intakes of Foods, Beverages, and Nutrients).

Studies examined in this review demonstrated strong evidence that diets lower in saturated
fat and cholesterol during childhood, primarily after 24 months of age, result in lower levels of
total blood and LDL cholesterol throughout childhood, particularly in boys. Additionally, the
Committee found moderate evidence suggesting that diets higher in polyunsaturated fat during
childhood result in lower levels of total blood cholesterol throughout childhood, particularly in
boys. The dominant sources of evidence for these conclusions are the Special Turku Coronary
Risk Factor Intervention Project (STRIP) and Dietary Intervention Study in Children (DISC)
studies.

The STRIP study, a widely cited population-based RCT conducted in Finland, which had the
highest CVD mortality rate worldwide at baseline, randomized more than 1,000 participants to
reduce saturated fat and dietary cholesterol intake while increasing polyunsaturated fat intake
beginning at age 7 months. For participating infants who were consuming human milk or
formula, the saturated fat reduction applied only to complementary foods and beverages.
Participants were followed over a period of 20 years.'":19.20.23.24.30-33.37-40 Thjg dietary counseling-
based intervention resulted in lower total cholesterol, LDL-C, and triglycerides in boys, providing
longitudinal evidence of cardiovascular benefit. At different ages, favorable blood lipid
responses appeared to occur in both males and females but at other times only boys appeared
to have reduced LDL-C levels, thus demonstrating male-female differences in blood lipid
response to dietary intervention, possibly attributed to changes in hormones during and
throughout puberty.

The U.S.-based DISC study randomized more than 650 preadolescent children with
elevated levels of LDL-C (80™ to 90" percentile) to test the efficacy, safety and feasibility of
reducing saturated fat within the context of a heart healthy diet in growing children, especially

during puberty.'5223441 The DISC counseling intervention, which continued for approximately 7
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years, reduced total cholesterol and LDL-C at 1- and 3-year follow-up, with no adverse impact
on growth and development, but these differences in blood lipids were not sustained at 5- and
7-year follow-up. The study ended prior to all children reaching age 18 years or Tanner Stage 5,
thereby limiting the ability to determine post-pubertal impact of dietary intervention on CVD risk
in adulthood. The study also did not find significant influences on blood pressure, but sodium
intake was not addressed in this study.'>?23441 Both the STRIP and DISC studies provide
important longitudinal evidence of the influences of dietary modification starting in childhood
through adulthood.

Five RCTs conducted in children more recently provided food products to modulate dietary
cholesterol, saturated fat, and monounsaturated fat and/or polyunsaturated fat intake.
Consistent with the studies described above, LDL-C and total cholesterol were increased or
were higher following consumption of food products higher in saturated fat and dietary
cholesterol, compared to alternatives that replaced saturated fat with other types of fat or
reduced dietary cholesterol.

Most of the 14 PCSs included in the Committee’s review were conducted in the United
States and primarily reported intermediate outcomes during childhood. The results were broadly
consistent with those of the RCTs, either reporting predominantly null findings or reporting that
higher intakes of saturated fat were associated with higher levels of total cholesterol or LDL-C.

This review found insufficient evidence to draw conclusions about the relationship between
dietary fat during childhood and blood pressure throughout childhood. Studies varied
considerably in their design and age-ranges and whether salt intake, a known mediator of blood
pressure, was assessed. In addition, insufficient evidence was available to determine how
monounsaturated fat intake during childhood affects total blood and LDL-C throughout
childhood. All associations between monounsaturated fat intake, including those that modeled
replacement, and blood lipids were non-significant. Lastly, only one article studying the
association between saturated fat consumed during childhood and CHD mortality or stroke
mortality in adulthood was included in this review.?® Although the study reported results after
approximately 60 years of follow-up, the Committee identified significant flaws with the dietary
assessment method employed, and determined insufficient evidence was available to determine
the relationship between dietary fat during childhood and CVD endpoint outcomes during
adulthood.

Dietary studies in children are difficult to conduct not only due to ethical concerns, but also
because of issues with compliance, follow-up, accuracy in assessing dietary adherence and

confounders. Despite these challenges, dietary intervention studies in children are of critical
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importance, particularly given the growing evidence that poor nutrition in childhood heavily
contributes to poor health outcomes—both chronic and acute—and subsequently poorer quality
of life in adulthood.?*'?*4 Inadequate research meeting systematic review criteria was available
to draw meaningful conclusions regarding outcomes of interest within this review. Additional
longitudinal RCTs involving dietary intervention among growing children with a focus on
separating male and female data are needed to provide more definitive preventive
recommendations, particularly regarding food sources of dietary fats and replacement with
unsaturated fats and carbohydrates, with a focus on type of carbohydrate. See additional
recommendations for future research in Part E. Future Directions.

Because there is no biological requirement for saturated fat or dietary cholesterol, diets
lower in these components that also contain foods consistent with the recommended dietary
patterns, can be applied to children age 2 years and older. This approach appears to be safe
and promotes dietary adherence useful for establishing healthy lifelong eating behaviors and

potential cardiovascular benefits across the life course.?43244

Studies in Adults

Intermediate Outcomes

This Committee concurs with the conclusion from the 2015 Committee’s review, which
stated: Strong and consistent evidence from RCTs shows that replacing saturated fat with
unsaturated fats, especially polyunsaturated fat, significantly reduces total and LDL-C.

The 2015 Committee reviewed evidence from existing systematic reviews and meta-
analyses published between 2009 and 2014, including the American Heart
Association/American College of Cardiology (AHA/ACC) Lifestyle Guidelines and associated
National Heart, Lung, and Blood Institute (NHLBI) Lifestyle Report,?* which included primarily
RCTs on intermediate risk factors. The evidence reviewed included the landmark studies and
RCTs from the 1960s, which first identified the relationship between saturated fat and CVD risk.
In their report, the 2015 Committee found a high consistency of the evidence from PCSs and
RCTs in supporting the benefits of replacing saturated fat with unsaturated fats, especially
polyunsaturated fat, in reducing CVD risk.

The 2020 Committee’s systematic review added 97 articles—all from RCTs—to the
evidence reviewed by the 2015 Committee and found this new evidence to be broadly
consistent with the conclusions drawn by the 2015 Committee. In articles that examined

replacement of saturated fat with monounsaturated fat or polyunsaturated fat, the intervention
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predominantly resulted in lower levels of, or larger decreases in, LDL-C and total blood
cholesterol or null effects. Within the group of articles assessing the effect of polyunsaturated fat
intake replacing a portion of saturated fat, the majority reported a statistically significant,
beneficial effect of polyunsaturated fat on LDL-C or total cholesterol. Likewise, of the studies
that examined the effect of monounsaturated fat intake replacing a portion of saturated fat,
approximately half reported a beneficial effect of monounsaturated fat on LDL-C or total
cholesterol, with the remaining studies reporting null effects.

Consistent with this Committee’s findings, a World Health Organization review found that
replacing dietary saturated fat with unsaturated fats decreases LDL-C levels and replacement
with omega-6 polyunsaturated fatty acids reduces LDL-C more than does replacement with
monounsaturated fat.?*> More specifically, based on regression analyses, it has been estimated
that decreasing saturated fat intake by 1 percent of total daily calories with a corresponding 1
percent increase in polyunsaturated fat, monounsaturated fat, or carbohydrate results in
reductions in LDL-C of 2.1 mg/dL, 1.6 mg/dL and, 1.3 mg/dL, respectively.?*®

When evaluating replacement of saturated fat with carbohydrates, the Committee concurs
with the conclusion from the 2015 Committee: Replacing saturated fat with carbohydrates
(sources not defined) also reduces LDL-C and total cholesterol, but significantly increases
triglycerides and reduces HDL-C. Relative to studies reporting results on replacement of SFA
with unsaturated fats, far fewer (only 2 articles) studies within the 2020 Committee’s body of
evidence examined the effect of replacing saturated fat with carbohydrates. Results from these
articles were null or showed lower LDL-C, and HDL-C and total cholesterol when saturated fat
was replaced with carbohydrates. The new evidence the Committee reviewed remains
inadequate to differentiate among types and food sources of carbohydrates and their impact on
blood lipids. However, in the context of dietary patterns, benefits in CVD risk factors were shown
in dietary patterns that include whole grains and are lower in refined carbohydrates (See Part D.
Chapter 8: Dietary Patterns).

The mechanism by which different types of carbohydrates influence blood lipids is not yet
fully understood and evidence reviewed by the Committee did not provide insight into this
relationship. Diets high in refined carbohydrates are often associated with elevated levels of
triglycerides and very low-density lipoprotein (VLDL) cholesterol, especially among individuals
with overweight and obesity.?*° Some research suggests that this may shift the distribution of
LDL-C particles to smaller, cholesterol-depleted LDL-C particles. Researchers are studying
whether atherogenicity differs by LDL-C particle size. However, measures of overall LDL-C that

do not differentiate between particle size are currently considered sufficient to monitor
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atherogenic risk and response to therapeutic intervention.?624” More research is needed on
biomarkers with increased specificity compared to LDL-C regarding intermediate and endpoint
cardiovascular risk.248

This review focused on types rather than sources of dietary fats. However, the Committee
recognizes the importance of and growing body of research on the specific fatty acids, food
matrix and sources of fats, explicitly saturated fat. Differences in the effects of specific saturated
fatty acids on CVD are important to examine. Based on meta-regression analysis,?*
replacement of carbohydrates with specific saturated fat sources including lauric, myristic,
palmitic, and stearic acids increased LDL-C and HDL-C while decreasing triglycerides. Because
pure stearic acid does not increase LDL-C, but represents approximately 20 percent of the fat in
beef, 30 percent of the fat in pure cocoa (chocolate), and 10 to 15 percent of the fat in lard (pork
fat) and lamb, it remains challenging to quantify the impact of saturated fat on LDL-C without
dietary assessment data that distinguishes between specific fatty acids.?*® Likewise, the health
effects of the different fatty acids may vary also according to their proportion on specific foods

and other components within the food matrix.

CVD Endpoint Outcomes

The Committee reviewed 94 articles from PCSs that provided assessment of dietary fat
intake and endpoint cardiovascular outcomes. Compared with RCTs, PCSs typically include
large populations that report self-selected dietary intake over longer duration and often,
periodically during a follow-up period. Although observational studies, including PCSs, cannot
demonstrate causality, they do identify associations between dietary intake and long-term health
outcomes that would be difficult to assess through RCTs, and therefore, are critical to include in
the evidence base for determining dietary recommendations for public health purposes (i.e.,
health promotion and chronic disease risk reduction).

This Committee’s review found strong evidence demonstrating that replacing saturated fat
with polyunsaturated fat in adults reduces the risk of CHD events and CVD mortality. (Note: This
outcome is distinctly different from risk of stroke or heart failure, about which the Committee
found insufficient evidence to draw a meaningful conclusion; see below.) The vast majority (71
of 94) of the articles included in this review of endpoint outcomes assessed the relationship
between polyunsaturated fat intake—either total polyunsaturated fat intake, polyunsaturated fat
as replacement for saturated fat, or specific polyunsaturated fatty acids (e.g., EPA, DHA, LA)—
during adulthood and CVD outcomes. Studies that examined the relationship of total

polyunsaturated fat intake and CVD without consideration of replacement, had null results or
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showed associations with lower risk of CVD. When polyunsaturated fat was studied as a
replacement for saturated fat, results were more consistent, predominantly reporting
associations with lower risk of CVD.

One illustrative study is the National Institutes of Health (NIH)-AARP cohort, which included
more than 500,000 men and women. At baseline, higher saturated fat intake at a mean age of
63 years was associated with higher risk of CVD mortality over 16 years of follow up and lower
risk when saturated fat was replaced with total and omega-3 polyunsaturated fatty acids, as well
as plant-sourced monounsaturated fat.?% Likewise, the National Health and Nutrition
Examination Survey (NHANES) cohort similarly reported that substitution of saturated fat with
polyunsaturated fat was associated with reduced CVD mortality.?'® Studies conducted outside
the United States found similar results. A small study in Finland??? with isocaloric substitution of
saturated fat with polyunsaturated fat showed reduced fatal and nonfatal CHD. In the
PREDIMED (Prevencion con Dieta Mediterranea) cohort, substitution of saturated fat with
polyunsaturated fat showed significantly reduced risk of CVD."72173

In addition to total polyunsaturated fat intake, studies further investigated intake of types of
polyunsaturated fats: omega-3, omega-6, and specific fatty acids (i.e., EPA, DHA, DPA, LA, AA)
on CVD outcomes.

The Committee found moderate evidence suggesting that total intake of omega-3
polyunsaturated fatty acids, particularly EPA and DHA from food sources, in adults is associated
with lower risk of CVD. In articles studying the relationship between long chain omega-3
polyunsaturated fatty acids (EPA, DHA, with or without DPA) and CVD endpoint health
outcomes, most focused on CHD, coronary artery disease, and myocardial infarction or CVD
and showed predominantly beneficial associations.

Less evidence was available from this review to determine associations between intake of
the omega-6 polyunsaturated fatty acids during adulthood and CVD, including CVD mortality.
Omega-6 polyunsaturated fatty acids (e.g., LA, AA) are more prevalent than omega-3
polyunsaturated fatty acids in the diet as they are found widely in vegetable oils. Studies that
evaluated the intake of LA, an essential omega-6 polyunsaturated fatty acid, reported
predominantly beneficial or null associations. Relatively few studies assessed the relationship
between AA and CVD endpoint outcomes. Results from these studies were inconsistent and
resulted in inconclusive findings.

Similar to the 2015 Committee’s review, this updated review did not provide clear evidence
on whether replacing saturated fat with monounsaturated fat confers CVD benefits because of

the co-occurrence of saturated fat and monounsaturated fat in animal fats, which are the main
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sources of monounsaturated fat in the typical American diet. Within this review, many of the
same cohorts reporting on substitution of saturated fat with polyunsaturated fat also reported
substitution effects with monounsaturated fat. Compared to replacement of saturated fat with
polyunsaturated fat, associations between risk of CVD and replacement of saturated fat with
monounsaturated fat were predominantly null. However, differences between monounsaturated
fat from plant-based (e.g., olive oil and nuts) vs animal sources were noted, suggesting benefits
from plant sources of monounsaturated fat.

With growing research interest in the health effects of olive oil and specifically extra virgin
olive oil and nuts as used in the PREDIMED trial, additional studies are needed to differentiate
the effects of specific forms of monounsaturated fat from plant-source vs animal-source foods
and to compare the effects of different forms of monounsaturated fat with polyunsaturated fat as
part of well-characterized dietary patterns. Few studies to date include diet assessment
methodology or nutrient biomarkers that permit such specificity and that could further allow
evidence-based conclusions to be drawn.

As noted above, insufficient evidence was available from studies examining the replacement
of saturated fat with polyunsaturated fat in adults and risk of stroke or heart failure. Among the
few studies examining the relationship between saturated fat intake and stroke, most reported
null associations between saturated fat intake and incident total stroke or subtypes of stroke
such as ischemic stroke or hemorrhagic stroke. Only two articles assessed the relationship
between saturated fat intake and heart failure and both reported null associations.

Lastly, in reviewing studies that examined replacing saturated fat with different types of
carbohydrates (e.g., complex vs simple), insufficient evidence was available to determine how
the exposures affected the risk of CVD. Associations between replacement of saturated fat with
carbohydrate and risk of CVD, including total CVD and CHD, were predominantly null. Although
12 articles examined this relationship, only 6 articles reported results specifying different types
of carbohydrates. Of these, the comparisons between types of carbohydrates in the
interventions varied, making it difficult to arrive at a conclusive finding.

Recent analyses assessing replacement of saturated fat with carbohydrates have suggested
beneficial effects when saturated fat is replaced with complex carbohydrates vs refined
carbohydrates. As reported by Sacks et al.,?*® and based on calculations developed by Willet et
al.,?® replacing 5 percent of energy intake from saturated fat with equivalent energy intake from
complex carbohydrates from whole grains was significantly associated with a 9 percent lower
risk of CHD. However replacing saturated fat with refined carbohydrates (e.g., starches, added

sugars) was associated with a slight increase in CHD risk.24°

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 25



Part D. Chapter 9: Dietary Fats and Seafood

Not all recently published studies have arrived at conclusions consistent with this
Committee’s systematic review findings regarding the relationship between saturated fat intake
and CVD risk. Some of the disparate findings relate to differences in methodology, including
non-validated dietary assessment techniques; differences in study design; small sample sizes;
distinctly different population characteristics, especially high body mass index; outcome
measures; and cross-cultural differences in background dietary intake, such as in findings in
those consuming diets vastly different from typical U.S.-style diets. One example of differences
in methodology leading to findings inconsistent with the Committee’s review is shown in meta-
analyses that compare diets higher or lower in saturated fat, yet do not examine the
replacement of saturated fat when it is reduced.?**?%" As summarized by Sacks et al., comparing
disease rates between people in a population who have low compared with high intake of
saturated fat—without defining the usual dietary pattern, i.e. types of carbohydrates
consumed—Ieads to the potential for misinterpretation of the role saturated fat plays in relation
to risk of CVD.?40

Dietary Cholesterol

The Committee found insufficient evidence published since 2010 to determine an
independent relationship between dietary cholesterol and blood lipids given the co-occurrence
of cholesterol and saturated fat in foods. Nine articles from 4 parallel design and 5 cross-over
design RCTs assessed the relationship between dietary cholesterol intake and blood lipids.
Eight of the 9 studies provided whole eggs as the source of dietary cholesterol and 1 study
provided prawns. Comparators varied, including egg whites, egg substitutes, or carbohydrate
foods. Across this small body of evidence, higher dietary cholesterol intake, compared to lower
dietary cholesterol intake, had mainly null effects on blood lipids. Among the few studies that
reported significant effects, higher dietary cholesterol intake resulted in higher levels of, or
greater increases in, total blood cholesterol, LDL-C, and HDL-C. No studies found a significant
effect on triglycerides. However, because several studies concurrently modulated intake of total
fat or other types of fat through the dietary intervention, it was difficult to evaluate the
independent effect of dietary cholesterol.

Likewise, insufficient evidence published since 2010 was available to determine an
independent relationship between dietary cholesterol intake in adults and overall risk of CVD.
Eleven articles met inclusion criteria and results were inconsistent, with most studies reporting
null associations, some reporting detrimental associations with higher intake of dietary

cholesterol, and fewer reporting beneficial associations with higher intake. One article, a pooled
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analysis of 6 large PCSs from the United States, found that higher consumption of dietary
cholesterol was significantly associated with higher risk of incident CVD mortality, incident CVD,
and incident stroke in a dose-response manner; this article did not detect significant
associations between dietary cholesterol intake and heart failure or CHD.*® Other articles that
assessed CVD incidence or mortality reported null associations or significant associations
between higher intake of dietary cholesterol and lower risk.'%177:1% Among other articles that
examined stroke, some did not detect associations with dietary cholesterol intake, whereas 1
additional study detected significant associations between higher dietary cholesterol intake and
higher risk of stroke.'#4188.229.233 Results also were inconsistent for heart failure outcomes. Al
articles that assessed the relationship between dietary cholesterol intake and CHD or Ml
reported null associations.96:204223.233 As mentioned above, the co-occurrence of dietary
cholesterol and saturated fat in animal-source foods as well as relatively lower population-wide
dietary cholesterol intake (compared to the mean intake of the U.S. population) reported in
several studies, made it difficult to evaluate independent associations between dietary
cholesterol and CVD endpoint outcomes in this body of evidence. Well-designed PCSs and
RCTs with long-term follow-up are required to better quantify the impact of dietary cholesterol
on overall CVD and CHD incidence and mortality.

The lack of studies evaluating a number of outcomes in this review highlights the need for

additional research, which is further discussed in Part E. Future Directions.

Conclusions

Based on the totality of the scientific evidence, including the rigorous systematic reviews
considered by the 2015 Committee and further examined by the 2020 Committee, it remains
evident that reducing saturated fat intake and replacing it with unsaturated fats, specifically
polyunsaturated fat, reduces the incidence of CVD.

Conversely, evidence to differentiate among sources of carbohydrate (e.g., sugars, refined
vs complex) and their impact on blood lipids and CVD outcomes remains inadequate to draw
clear conclusions. Although some evidence indicates that replacing saturated fat with complex
carbohydrates may reduce CVD risk, replacing saturated fat with mostly refined carbohydrates
and sugars shows no change or slightly increased risk of CVD.

Because dietary cholesterol is found only in animal-source foods that are typically also
sources of saturated fat, the independent effects on blood lipids and CVD are difficult to assess.

Nevertheless, because dietary patterns associated with reduced risk of CVD are characterized
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by lower levels of both saturated fat and dietary cholesterol, it seems prudent to recommend

lower intake of foods high in dietary cholesterol as well.?4

Seafood

Question 2. What is the relationship between seafood consumption during
childhood and adolescence (up to 18 years of age) and risk of
cardiovascular disease?

Approach to Answering Question: NESR systematic review

Conclusion Statement and Grade

Insufficient evidence is currently available to accurately determine the relationship between
seafood consumption during childhood and adolescence and risk of developing cardiovascular

disease. Grade: Grade Not Assignable

Summary of the Evidence

e Four articles,?®2522%4 2 RCTs and 2 PCSs, met inclusion criteria for this systematic review.
o Few articles were identified that examined the relationship between seafood intake during
childhood and adolescence and blood pressure, lipid levels, and cardiovascular-related

mortality, and no articles examined the relationship with incidence of CVD.
e Studies had serious methodological limitations that made interpretation of the results
difficult.

e Evidence was insufficient, and no conclusion could be drawn.

For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-
subcommittee/seafood-childhood-adolescence-cardiovascular-disease
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Question 3. What is the relationship between seafood consumption during
childhood and adolescence (up to 18 years of age) and neurocognitive
development?

Approach to Answering Question: NESR systematic review

Conclusion Statements and Grades

Developmental Domains

Cognitive development: Insufficient evidence is available to determine whether there is a
favorable relationship between seafood intake during childhood and adolescence and measures
of cognitive development in children and adolescents. However, no unfavorable relationships
were found between seafood consumption during childhood and adolescence and measures of

cognitive development. Grade: Grade Not Assignable

Language and communication development: Insufficient evidence is available to determine
whether there is a favorable relationship between seafood intake during childhood and
adolescence and measures of language and communication development in children and
adolescents. However, no unfavorable relationships were found between seafood consumption
during childhood and adolescence and measures of language and communication development.

Grade: Grade Not Assignable

Movement and physical development: Insufficient evidence is available to determine the
relationship between seafood intake during childhood and movement and physical development

in children. Grade: Grade Not Assignable

Social-emotional and behavioral development: Insufficient evidence is available to determine
the relationship between seafood intake during childhood and adolescence and social-emotional

and behavioral development in children and adolescents. Grade: Grade Not Assignable

Attention Deficit Disorder or Attention Deficit/Hyperactivity Disorder
Insufficient evidence is available to determine the relationship between seafood consumption
during childhood and adolescence and attention deficit disorder or attention-deficit/hyperactivity

disorder-like traits or behaviors. Grade: Grade Not Assignable
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Autism Spectrum Disorder
No evidence is available to determine the relationship between seafood intake during childhood
and adolescence and autism spectrum disorder-like traits or behaviors or autism spectrum

disorder diagnosis. Grade: Grade Not Assignable

Academic Performance
Insufficient evidence is available to determine the relationship between seafood intake during

adolescence and academic performance in adolescents. Grade: Grade Not Assignable

Anxiety and Depression
Insufficient evidence is available to determine the relationship between seafood consumption

during childhood and adolescence and anxiety and depression. Grade: Grade Not Assignable

Summary of the Evidence

e This review included 13 articles,?*°>2¢" 6 articles from 3 RCTs and 7 articles from 6 PCSs,
published between January 2000 and October 2019.

e The majority of studies addressed developmental domain outcomes - cognitive development
(7 articles), language and communication development (5 articles), movement and physical
development (2 articles), and social-emotional and behavioral development (3 articles).

¢ No conclusion regarding the relationship between seafood intake during childhood and
adolescence and developmental domains could be drawn due to an inadequate number of
studies, inconsistency in results, risk of bias in classification of exposures, and
heterogeneity of outcome assessments.

o Seafood intake during childhood and adolescence was predominantly beneficial or null
across all domains, and had a few detrimental relationships, primarily in social-emotional
and behavioral development.

» Results from 3 RCTs found that 3 fatty fish meals per week (about 50 to 80 grams
per meal) compared to meat meals for 12 weeks in adolescents or 16 weeks in
children had a predominantly null effect on developmental domain outcomes.

» Results from 3 PCSs generally found a beneficial association between fish intake in

children and adolescents and development outcomes.
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o The vast majority of analyses showed no detrimental relationship between seafood
intake during childhood and adolescence and cognitive, language and communication,
and movement and physical development.

¢ No conclusion regarding the relationship between seafood consumption during childhood
and adolescence and academic performance, ADD or ADHD, anxiety and depression, and

ASD could be drawn due to an inadequate number of studies and variation in outcome

assessment and child age.

For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-
guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-
subcommittee/seafood-childhood-adolescence-neurocognitive-development

Discussion: Seafood

The scientific literature supports the health benefits of seafood consumption alone or as part
of an overall dietary pattern across life stages. However, for young children, the potential for
negative health consequences raises concerns due to possible contamination with heavy
metals, mainly methylmercury. Seafood is the primary sources of methylmercury exposure for
humans. Methylmercury is not naturally found within seafood, but rather it results from a
complex interplay of environmental factors that culminate in its accumulation in the water
column resulting in methylmercury accumulation in the flesh of fish. Although all seafood
contains some level of methylmercury, the amount varies by species, as described by the
Environmental Protection Agency.?® Exposure to methylmercury is considered detrimental to
the cognitive development and performance of infants and children, especially during critical
windows of neurocognitive development in the first 1,000 days of life, though the risks have not
been entirely characterized.?%°

Two previous Dietary Guidelines Advisory Committees (2010 and 2015) examined the topic
of seafood. The 2010 Committee conducted an extensive safety analysis of seafood
consumption and the 2015 Committee reviewed seafood in the context of an overall dietary
pattern. The 2010 Committee concluded that the health benefits from consuming seafood
outweigh the risks associated with potential toxins, including exposure to methylmercury and
persistent organic pollutants. Because seafood is an important source of many nutrients and
food components that are of public health relevance, the 2015 Committee found the role of
seafood in dietary patterns was associated with lower risk of CVD (Grade: Strong), lower risk of

overweight and obesity (Grade: Moderate), lower risk of colorectal cancer (Grade: Moderate).
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However, the 2015 Committee found no clear associations with other cancer types or
neurocognitive factors in adulthood (Grade: Limited). The 2020 Committee reviewed seafood by
focusing on specific populations and health outcomes.

The Committee’s review of seafood consumption during childhood and risk of CVD found
insufficient evidence to make a conclusion about the relationship. Four articles, which reported
on 2 RCTs and 2 PCSs, met inclusion criteria for this systematic review. Three studies
evaluated intermediate markers of CVD risk, including blood pressure, total cholesterol, HDL-C,
LDL-C, and triglycerides. Findings were predominantly insignificant with a few favorable
associations. Only 1 study reported an association between fish consumption during childhood
and CVD health outcomes in adulthood. However, this study’s design had multiple flaws,
including a lack of rigorous diet assessment methodology, serious risk of bias, and a failure to
account for key confounders. All of these limitations likely affected the outcome. For the reasons
outlined above, the Committee found insufficient evidence to make a conclusion about the
relationship between seafood consumption during childhood and risk of CVD.

The systematic review of seafood consumption during childhood and neurocognitive
development and neurocognitive health yielded 13 studies, including 6 articles from 3 RCTs.
Due to inconsistency in the results and a variety of limitations among the studies, the Committee
determined that insufficient evidence was available to draw a meaningful conclusion about this
relationship. A few studies reported results suggesting favorable associations in measures of
cognitive development and language and communication development. However, studies that
focused on other domains, including movement and physical development and social and
behavioral development, resulted in inconclusive findings.

Although the Committee’s questions did not specifically focus on safety, a few studies
reported an unfavorable association between seafood intake and measures of social-emotional
and behavioral development, while none found a detrimental impact on cognitive, language and
communication, and movement and physical development. The overwhelming majority of
studies showed a null or favorable association between seafood intake during childhood and
measures of neurocognitive development.

Additionally, insufficient data were available to grade evidence for the outcomes of
academic performance, anxiety, and depression as well as ADD/ADHD. No studies reported on
the relationship between seafood consumption during childhood and ASD or between seafood
consumption during childhood and neurocognitive health outcomes in adulthood.

Although the scientific literature on the topic of seafood consumption during childhood and

health outcomes has recently expanded, our synthesis of the literature was limited due to the
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number of challenges with the body of evidence. The following discussion highlights a number
of areas in which the current literature base is lacking and where additional research is needed.
These are described further in Part E. Future Directions.

First, while all seafood contains some level of methylmercury, substantial heterogeneity in
the methylmercury content of seafood exists by the type, age, geographic location, and source
(i.e., farm raised vs wild caught) of the fish. Local departments of natural resources or fish and
game boards are sources of information specific to the mercury content in the fish from local
communities and municipalities.

Second, few studies with high-quality data exist to inform decisions about seafood intake
during childhood and neurocognitive development. RCTs with appropriate sample size and
robust assessment of exposures and outcomes are used to infer causality, but are limited in part
by ethical issues. In the absence of RCTs, the scientific and policy communities rely on well-
designed observational studies, which are weaker in quality due to confounding and selection-
bias but are often large, diverse in relevant characteristics (e.g., exposure of interest, ages), and
typically have longer duration for follow-up than feeding trials. Rigorous studies on the
relationship between seafood consumption and health outcomes in children—including the birth
to age 24 months population—and that account for key cofounders that are generalizable to the
United States need to be conducted to address the gaps and limitations in the existing body of
evidence.

Third, assessment of exposure to seafood intake was not uniform across studies. The
observational studies reviewed used FFQs, a diet diary, or single questions in a questionnaire to
assess intake, with different definitions of what “seafood” entailed and often with multiple types
of seafood with varying mercury content aggregated into one question. FFQs and
questionnaires also varied in their response options for types of seafood (e.g., fatty or oily fish
vs shellfish) sources (i.e., farmed or wild caught) or processing method (e.g., canned), or
preparation method. The metric used to quantify fish intake also varied (e.g., servings per week,
grams, high consumer vs low consumer). Measurement reference periods often differed as well,
and most studies assessed the diet only at one time point. Likewise, it was unclear how
database values were applied for the presumably beneficial effects of seafood, including
omega-3 fatty acids, iron, iodine, vitamin D, and protein. Variability also surrounded whether the
FFQs were validated; some studies used a “semi validated” tool and other studies did not
indicate. Few studies reported biomarker data to compare omega-3 fatty acid levels with self-

reported intake.
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Fourth, the measurement error inherent in all self-reported dietary data was an unavoidable
limitation of the existing data used to address this topic. FFQs have considerable systematic
measurement error that is known to attenuate relationships with health outcomes in general.
More specifically, little is known regarding measurement error in reporting of fish and seafood.

Fifth, measuring neurocognitive development is very challenging. Various assessment
methods were used. Some were general cognitive development tests and some were specific to
certain conditions, such as ADD or ADHD. A variety of tests were used for screening and
assessment, and many were specific to particular age groups. Among the studies the
Committee examined, few included a clinical or comprehensive psychological evaluation. Most
often social-emotional and behavioral assessments were based on parental or self-report, which
may have introduced bias. The tests varied in their level of evaluation of psychometric
properties, like reliability and validity, and some tests were commonly used while others were
not. Some tests measured specific cognitive domains directly, while others measured secondary
characteristics, like emotion and sociability, intelligence/lQ, or adaptive functioning skills.
Statistical analysis and modeling of data also varied across the body of literature, with some
studies controlling for methylmercury in the models while other studies did not measure
methylmercury or did not adjust for its potential confounding role.

Additional research is needed to address these limitations and further contribute
standardized data regarding specific intermediate and long-term outcomes resulting from

seafood consumption during childhood.

SUMMARY

Fats are an important component of the American diet, contributing about one-third of the
total calories consumed after infancy. The types and food sources of fats consumed have
distinct metabolic and health effects. This chapter reviewed and summarized the current
scientific evidence on the types of dietary fat consumed over the life course and risk of CVD.
Most Americans consume more than 10 percent of their total calories as saturated fat,
exceeding the recommendations of current dietary guidelines.? Because of the high incidence of
CVD in the United States, the health effects of reducing saturated fat in the diet is of particular
public health importance.

The Committee concluded that reducing saturated fat intake and replacing it with

unsaturated fats, particularly polyunsaturated fat, lowers the incidence of CVD in adults. Also,
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the replacement of saturated with unsaturated fats in the diet reduces serum total and LDL-C in
adults and children, particularly boys. However, the benefits of replacing saturated fat with
carbohydrates are less clear. This replacement reduces total and LDL-C, less so than with
polyunsaturated fat but also lowers HDL-C, and it raises triglycerides. Evidence to differentiate
among sources of carbohydrate (e.g., sugars, refined vs complex) and their impact on blood
lipids remains inadequate to draw clear conclusions.

In agreement with the 2015 Committee, the differing effects of the type and food source of
macronutrient substitution for saturated fat in the diet may be a reason for the limited evidence
regarding whether replacing saturated fat with carbohydrates or with monounsaturated fat
confers CVD benefits. Most studies did not report, or analyses did not distinguish between
substitutions of saturated fat by different types of carbohydrates (e.g., refined grains vs whole
grains). Similarly, it is challenging to identify an independent association of replacing saturated
fat with monounsaturated fat and CVD because the main sources of monounsaturated fat in a
typical American diet are animal fats, which contain both saturated fat and monounsaturated fat.
Evidence reviewed from RCTs and PCSs showed benefits of plant sources of monounsaturated
fats, such as olive oil and nuts, on CVD risk. Thus, it is pertinent that future studies assess,
quantify and distinguish the type and food sources of the macronutrients compared.

Different types of fatty acids also may elicit distinct cardiometabolic effects. This is especially
relevant among polyunsaturated fats. Intake of omega-3 polyunsaturated fatty acids, particularly
EPA and DHA from food sources such as seafood and algae, lowers blood triglycerides, and in
adults, is associated with lower risk of CVD. Intake of food sources of omega-6 polyunsaturated
fatty acids such as some vegetable oils, lowers blood total and LDL-C, and LA but not AA,
intake may be associated with lower risk of CVD in adults.

Because dietary cholesterol is found only in animal-source foods that are typically also
sources of saturated fat, the independent effects on CVD are difficult to assess. Nevertheless,
dietary patterns that include lower intake of dietary cholesterol are associated with reduced risk
of CVD.?"° This further illustrates the importance of considering the effect of any nutrient or food
component on CVD within the context of the overall dietary pattern, rather than a reductionist
approach of one food component in isolation.

Considering the totality of the scientific evidence, including the present systematic review,
the Committee concluded that lowering intake of saturated fat and replacing it with primarily
plant-sourced unsaturated fats, lowers serum total and LDL-C and the incidence of CVD. This
recommended shift from saturated to unsaturated fats most naturally occurs in the context of

healthy dietary patterns such as those with high Healthy Eating Index (HEI) scores, including
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the Healthy Mediterranean-Style or Healthy Vegetarian Eating Patterns diets (see Part D.
Chapter 14: USDA Food Patterns for Individuals Ages Two and Older). These healthy
dietary patterns 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 (See Part D. Chapter 8:
Dietary Patterns).

Humans have no dietary requirements for saturated fat or cholesterol because they
synthesize them from other dietary substrates. Additionally, the intake of both nutrients are
associated with the risk of CVD. Thus, the Committee recommends that dietary cholesterol and
saturated fat intake be as low as possible within a healthy dietary pattern, and that saturated fat
intake be limited to less than of 10 percent of total energy intake, as recommended by the 2075-
2020 Dietary Guidelines for Americans. This recommendation applies to adults and children
ages 2 years and older. It is important to recognize that the health effects of dietary saturated
fat—or any other nutrient—depend not only on the total amount consumed, but also the specific
type of saturated fatty acids inherent within the food matrix, sources and degree of processing,
and the overall dietary pattern. The recommended dietary pattern should replace food sources
of saturated fat with food sources of polyunsaturated fats by substituting some animal-source
foods, especially processed meats and certain dairy products, with sources of polyunsaturated
fats, such as seafood, seeds, nuts, legumes, and appropriate vegetable oils. In addition, if meat
and dairy foods are included in the dietary pattern, choosing lean cuts and lower fat dairy
options is preferred.

This chapter also reviewed and discussed the scientific evidence on the consumption of
seafood during childhood and adolescence and two outcomes: 1) risk of CVD, and 2)
neurocognitive development and health. The Committee found insufficient evidence to draw a
conclusion about the relationship of seafood intake during childhood and these outcomes.
However, no adverse associations were reported.

For each of the neurocognitive outcomes examined, the Committee concluded that the
evidence available was insufficient to determine an association with seafood intake. This was
mostly due to the relatively small number of studies, the methodological heterogeneity among
them and the mainly null or mild positive associations. Although the present review did not
specifically focus on the safety of seafood intake, the Committee relied on safety evaluations
conducted by the U.S. Food and Drug Administration and the Environmental Protection Agency,
and noted that among the studies reviewed, all but one did not find negative associations of

seafood intake and cognitive outcomes. Thus, within the parameters of the studies reviewed,
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intake of seafood during childhood is not related to unfavorable neurocognitive development.
The Committee also reviewed the evidence of seafood intake during pregnancy and cognitive
development in the infant (see Part D. Chapter 2: Food, Beverage, and Nutrient
Consumption during Pregnancy) and found favorable associations with some but not all
neurocognitive development domains.

The Committee recommends that the seafood-related guidance of the 2010 and 2015
Committees remain in place, with slight modifications: Two or more servings of cooked seafood
per week are recommended for ages 2 years and older to ensure intake of key nutrients and as
part of an overall healthy dietary pattern; serving sizes vary based on age (see FDA
guidance).?”" Choices of fish and seafood with emphasis on species higher in omega-3
polyunsaturated fatty acids and with low methylmercury and are advised, following Federal and
local fish and seafood advisories. For those following dietary patterns that do not include
seafood, regular intake of other foods high in omega-3 fatty acids, such as flaxseeds, walnuts,
soy oil, algae and eggs that contain omega-3 fatty acids, is appropriate. The 2020-2025 Dietary
Guidelines for Americans should contain information on amounts and types of seafood to
consume as well as those to avoid based on the methylmercury content. Special emphasis
should be made with regard to the birth to age 24 months age group and women who are
pregnant or lactating. The Committee recognizes that recommendations to increase seafood
consumption by the American public can have environmental consequences and such impacts

should be evaluated in the development of the Dietary Guidelines for Americans.

REFERENCES

1. Dietary Guidelines Advisory Committee. Report of the Dietary Guidelines Advisory Committee on
the Dietary Guidelines for Americans to the Secretary of Agriculture and the Secretary of Health
and Human Services. US Department of Agriculture, Agricultural Research Service.
https://dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-camera-ready-Jan11-
11.pdf. Published 2010. Accessed April 30, 2020.

2. US Department of Health and Human Services, US Department of Agriculture. 2015-2020
Dietary Guidelines for Americans. 8th ed. Washington, DC: US Government Printing Office;
December 2015. Accessed June 24, 2020.

3. Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory
Committee: Advisory Report to the Secretary of Health and Human Services and the Secretary of
Agriculture. US Department of Agriculture, Agricultural Research Service.
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-
Advisory-Committee.pdf. Published 2015. Accessed April 30, 2020.

4, US Department of Agriculture, Agricultural Research Service. Nutrient Intakes from Food and
Beverages: Mean Amounts Consumed per Individual, by Gender and Age. What We Eat in
America, NHANES 2015-2016.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 37


https://dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-camera-ready-Jan11-11.pdf
https://dietaryguidelines.gov/sites/default/files/2019-05/2010DGACReport-camera-ready-Jan11-11.pdf
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Part D. Chapter 9: Dietary Fats and Seafood

https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1516/Table_1 NIN_GEN_15.pdf.
Published 2018. Accessed May 26, 2020.

US Department of Agriculture, Agricultural Research Service. Nutrient Intakes from Food and
Beverages: Mean Amounts Consumed per Individual, by Gender and Age. What We Eat in
America, NHANES 2013-2014.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1314/Table 1 NIN_ GEN_13.pdf.
Published 2016. Accessed May 26, 2020.

Rehm CD, Penalvo JL, Afshin A, Mozaffarian D. Dietary intake among US adults, 1999-2012.
JAMA. 2016;315(23):2542-2553. doi:10.1001/jama.2016.7491.

US Department of Agriculture, Agricultural Research Service. Nutrient Intakes from Food and
Beverages: Mean Amounts Consumed per Individual, by Gender and Age. What We Eat in
America, NHANES 2011-2012.
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1112/Table_1 NIN_GEN_11.pdf.
Published 2014. Accessed May 26, 2020.

Terry AL, Herrick KA, Afful J, Ahluwalia N. Seafood consumption in the United States, 2013-2016.
NCHS Data Brief. 2018(321):1-8.

Stoody EE, Spahn JM, Casavale KO. The Pregnancy and Birth to 24 Months Project: a series of
systematic reviews on diet and health. Am J Clin Nutr. 2019;109(Suppl_7):685s-697s.
doi:10.1093/ajcn/nqy372.

Altwaijri YA, Day RS, Harrist RB, Dwyer JT, Ausman LM, Labarthe DR. Sexual maturation affects
diet-blood total cholesterol association in children: Project HeartBeat! Am J Prev Med. 2009;37(1
Suppl):S65-70. doi:10.1016/j.amepre.2009.04.007.

Ballesteros MN, Cabrera RM, Saucedo Mdel S, Fernandez ML. Dietary cholesterol does not
increase biomarkers for chronic disease in a pediatric population from northern Mexico. Am J Clin
Nutr. 2004;80(4):855-861. doi:10.1093/ajcn/80.4.855.

Boreham C, Twisk J, van Mechelen W, Savage M, Strain J, Cran G. Relationships between the
development of biological risk factors for coronary heart disease and lifestyle parameters during
adolescence: the Northern Ireland Young Hearts Project. Public Health. 1999;113(1):7-12.
doi:10.1038/sj.ph.1900526.

Cowin IS, Emmett PM. Associations between dietary intakes and blood cholesterol
concentrations at 31 months. Eur J Clin Nutr. 2001;55(1):39-49. doi:10.1038/sj.ejcn.1601120.
Denke MA, Adams-Huet B, Nguyen AT. Individual cholesterol variation in response to a
margarine- or butter-based diet: a study in families. JAMA. 2000;284(21):2740-2747.
doi:10.1001/jama.284.21.2740.

Dorgan JF, Liu L, Barton BA, et al. Adolescent diet and metabolic syndrome in young women:
results of the Dietary Intervention Study in Children (DISC) follow-up study. J Clin Endocrinol
Metab. 2011;96(12):E1999-2008. doi:10.1210/jc.2010-2726.

Estevez-Gonzalez MD, Saavedra-Santana P, Betancor-Leon P. Reduction of serum cholesterol
and low-density lipoprotein cholesterol levels in a juvenile population after isocaloric substitution
of whole milk with a milk preparation (skimmed milk enriched with oleic acid). J Pediatr.
1998;132(1):85-89. doi:10.1016/s0022-3476(98)70490-1.

Hakanen M, Lagstrom H, Pahkala K, et al. Dietary and lifestyle counselling reduces the clustering
of overweight-related cardiometabolic risk factors in adolescents. Acta Paediatr. 2010;99(6):888-
895. doi:10.1111/j.1651-2227.2009.01636..x.

Harris C, Buyken A, Koletzko S, et al. Dietary fatty acids and changes in blood lipids during
adolescence: the role of substituting nutrient intakes. Nutrients. 2017;9(2).
doi:10.3390/nu9020127.

Kaitosaari T, Ronnemaa T, Raitakari O, et al. Effect of 7-year infancy-onset dietary intervention
on serum lipoproteins and lipoprotein subclasses in healthy children in the prospective,
randomized Special Turku Coronary Risk Factor Intervention Project for Children (STRIP) study.
Circulation. 2003;108(6):672-677. doi:10.1161/01.Cir.0000083723.75065.D4.

Kaitosaari T, Ronnemaa T, Viikari J, et al. Low-saturated fat dietary counseling starting in infancy
improves insulin sensitivity in 9-year-old healthy children: the Special Turku Coronary Risk Factor
Intervention Project for Children (STRIP) study. Diabetes Care. 2006;29(4):781-785.
doi:10.2337/diacare.29.04.06.dc05-1523.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 38


https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1516/Table_1_NIN_GEN_15.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1314/Table_1_NIN_GEN_13.pdf
https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1112/Table_1_NIN_GEN_11.pdf

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

Part D. Chapter 9: Dietary Fats and Seafood

Khalil H, Murrin C, O'Reilly M, et al. Total HDL cholesterol efflux capacity in healthy children -
associations with adiposity and dietary intakes of mother and child. Nutr Metab Cardiovasc Dis.
2017;27(1):70-77. doi:10.1016/j.numecd.2016.10.002.

Kwiterovich PO, Hartmuller G, Van Horn L, et al. Efficacy and safety of lowering dietary intake of
fat and cholesterol in children with elevated low-density lipoprotein cholesterol: The Dietary
Intervention Study in Children (DISC). JAMA. 1995;273(18):1429-1435.
doi:10.1001/jama.1995.03520420045036.

Lapinleimu H, Viikari J, Jokinen E, et al. Prospective randomised trial in 1062 infants of diet low in
saturated fat and cholesterol. Lancet. 1995;345(8948):471-476. doi:10.1016/s0140-
6736(95)90580-4.

Lehtovirta M, Pahkala K, Niinikoski H, et al. Effect of dietary counseling on a comprehensive
metabolic profile from childhood to adulthood. J Pediatr. 2018;195:190-198.e193.
doi:10.1016/j.jpeds.2017.11.057.

Magnussen CG, Thomson R, Cleland VJ, Ukoumunne OC, Dwyer T, Venn A. Factors affecting
the stability of blood lipid and lipoprotein levels from youth to adulthood: evidence from the
Childhood Determinants of Adult Health Study. Arch Pediatr Adolesc Med. 2011;165(1):68-76.
doi:10.1001/archpediatrics.2010.246.

Masquio DC, de Piano A, Campos RM, et al. Reduction in saturated fat intake improves
cardiovascular risks in obese adolescents during interdisciplinary therapy. Int J Clin Pract.
2015;69(5):560-570. doi:10.1111/ijcp.12573.

Muros JJ, Zabala M, Oliveras-Lopez MJ, et al. Effect of physical activity, nutritional education,
and consumption of extra virgin olive oil on lipid, physiological, and anthropometric profiles in a
pediatric population. J Phys Act Health. 2015;12(9):1245-1252. doi:10.1123/jpah.2014-0236.
Ness AR, Maynard M, Frankel S, et al. Diet in childhood and adult cardiovascular and all cause
mortality: the Boyd Orr cohort. Heart. 2005;91(7):894-898. doi:10.1136/hrt.2004.043489.

Nicklas TA, Dwyer J, Feldman HA, Luepker RV, Kelder SH, Nader PR. Serum cholesterol levels
in children are associated with dietary fat and fatty acid intake. J Am Diet Assoc.
2002;102(4):511-517. doi:10.1016/s0002-8223(02)90117-3.

Niinikoski H, Jula A, Viikari J, et al. Blood pressure is lower in children and adolescents with a
low-saturated-fat diet since infancy: the special turku coronary risk factor intervention project.
Hypertension. 2009;53(6):918-924. doi:10.1161/hypertensionaha.109.130146.

Niinikoski H, Lagstrom H, Jokinen E, et al. Impact of repeated dietary counseling between infancy
and 14 years of age on dietary intakes and serum lipids and lipoproteins: the STRIP study.
Circulation. 2007;116(9):1032-1040. doi:10.1161/circulationaha.107.699447.

Niinikoski H, Pahkala K, Ala-Korpela M, et al. Effect of repeated dietary counseling on serum
lipoproteins from infancy to adulthood. Pediatrics. 2012;129(3):e704-713. doi:10.1542/peds.2011-
1503.

Nupponen M, Pahkala K, Juonala M, et al. Metabolic syndrome from adolescence to early
adulthood: effect of infancy-onset dietary counseling of low saturated fat: the Special Turku
Coronary Risk Factor Intervention Project (STRIP). Circulation. 2015;131(7):605-613.
doi:10.1161/circulationaha.114.010532.

Obarzanek E, Kimm SY, Barton BA, et al. Long-term safety and efficacy of a cholesterol-lowering
diet in children with elevated low-density lipoprotein cholesterol: seven-year results of the Dietary
Intervention Study in Children (DISC). Pediatrics. 2001;107(2):256-264.
doi:10.1542/peds.107.2.256.

Post GB, Kemper HC, Twisk J, van Mechelen W. The association between dietary patterns and
cardio vascular disease risk indicators in healthy youngsters: results covering fifteen years of
longitudinal development. Eur J Clin Nutr. 1997;51(6):387-393. doi:10.1038/sj.ejcn.1600419.
Quivers ES, Driscoll DJ, Garvey CD, et al. Variability in response to a low-fat, low-cholesterol diet
in children with elevated low-density lipoprotein cholesterol levels. Pediatrics. 1992;89(5 Pt
1):925-929. Published 1992/05/01.

Raitakari OT, Ronnemaa T, Jarvisalo MJ, et al. Endothelial function in healthy 11-year-old
children after dietary intervention with onset in infancy: the Special Turku Coronary Risk Factor
Intervention Project for children (STRIP). Circulation. 2005;112(24):3786-3794.
doi:10.1161/circulationaha.105.583195.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 39



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Part D. Chapter 9: Dietary Fats and Seafood

Rask-Nissila L, Jokinen E, Ronnemaa T, et al. Prospective, randomized, infancy-onset trial of the
effects of a low-saturated-fat, low-cholesterol diet on serum lipids and lipoproteins before school
age: The Special Turku Coronary Risk Factor Intervention Project (STRIP). Circulation.
2000;102(13):1477-1483. doi:10.1161/01.cir.102.13.1477.

Routi T, Ronnemaa T, Salo P, et al. Effects of prospective, randomized cholesterol-lowering
dietary intervention and apolipoprotein E phenotype on serum lipoprotein(a) concentrations of
infants aged 7-24 mo. Am J Clin Nutr. 1996;63(3):386-391. doi:10.1093/ajcn/63.3.386.

Simell O, Niinikoski H, Ronnemaa T, et al. Special Turku Coronary Risk Factor Intervention
Project for Babies (STRIP). Am J Clin Nutr. 2000;72(5 Suppl):1316s-1331s.
doi:10.1093/ajcn/72.5.1316s.

Simons-Morton DG, Hunsberger SA, Van Horn L, et al. Nutrient intake and blood pressure in the
Dietary Intervention Study in Children. Hypertension. 1997;29(4):930-936.
doi:10.1161/01.hyp.29.4.930.

Stroobant W, Braun KV, Kiefte-de Jong JC, et al. Intake of different types of fatty acids in infancy
is not associated with growth, adiposity, or cardiometabolic health up to 6 years of Age. J Nutr.
2017;147(3):413-420. doi:10.3945/jn.116.241018.

Twisk JW, Kemper HC, Mellenbergh GJ, van Mechelen W, Post GB. Relation between the
longitudinal development of lipoprotein levels and lifestyle parameters during adolescence and
young adulthood. Ann Epidemiol. 1996;6(3):246-256. doi:10.1016/1047-2797(96)00003-8.

van den Hooven EH, de Jonge LL, Kiefte-de Jong JC, et al. Infant macronutrient composition is
associated with differences in cardiovascular structures and function in childhood. J Nutr.
2013;143(12):1989-1998. d0i:10.3945/jn.113.179440.

Vuholm S, Rantanen JM, Teisen MN, et al. Effects of oily fish intake on cardiometabolic markers
in healthy 8- to 9-y-old children: The FiSK Junior randomized trial. Am J Clin Nutr.
2019;110(6):1296-1305. doi:10.1093/ajcn/nqz233.

Williams CL, Strobino BA. Childhood diet, overweight, and CVD risk factors: The Healthy Start
project. Prev Cardiol. 2008;11(1):11-20. doi:10.1111/j.1520-037x.2007.06677 .x.

Abbaspour N, Roberts T, Hooshmand S, Kern M, Hong MY. Mixed nut consumption may improve
cardiovascular disease risk factors in overweight and obese adults. Nutrients. 2019;11(7).
doi:10.3390/nu11071488.

Abdullah MM, Cyr A, Lepine MC, et al. Recommended dairy product intake modulates circulating
fatty acid profile in healthy adults: a multi-centre cross-over study. Br J Nutr. 2015;113(3):435-
444, doi:10.1017/s0007114514003894.

Adams TH, Walzem RL, Smith DR, Tseng S, Smith SB. Hamburger high in total, saturated and
trans-fatty acids decreases HDL cholesterol and LDL particle diameter, and increases TAG, in
mildly hypercholesterolaemic men. Br J Nutr. 2010;103(1):91-98.
doi:10.1017/s0007114509991516.

Akrami A, Nikaein F, Babajafari S, Faghih S, Yarmohammadi H. Comparison of the effects of
flaxseed oil and sunflower seed oil consumption on serum glucose, lipid profile, blood pressure,
and lipid peroxidation in patients with metabolic syndrome. J Clin Lipidol. 2018;12(1):70-77.
doi:10.1016/j.jacl.2017.11.004.

Alphonse PA, Ramprasath V, Jones PJ. Effect of dietary cholesterol and plant sterol consumption
on plasma lipid responsiveness and cholesterol trafficking in healthy individuals. Br J Nutr.
2017;117(1):56-66. doi:10.1017/s0007114516004530.

Andraski AB, Singh SA, Lee LH, et al. Effects of replacing dietary monounsaturated fat with
carbohydrate on HDL (high-density lipoprotein) protein metabolism and proteome composition in
humans. Arterioscler Thromb Vasc Biol. 2019;39(11):2411-2430.
doi:10.1161/atvbaha.119.312889.

Annuzzi G, Bozzetto L, Costabile G, et al. Diets naturally rich in polyphenols improve fasting and
postprandial dyslipidemia and reduce oxidative stress: a randomized controlled trial. Am J Clin
Nutr. 2014;99(3):463-471. doi:10.3945/ajcn.113.073445.

Baer DJ, Novotny JA. Consumption of cashew nuts does not influence blood lipids or other
markers of cardiovascular disease in humans: a randomized controlled trial. Am J Clin Nutr.
2019;109(2):269-275. doi:10.1093/ajcn/nqy242.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 40



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Part D. Chapter 9: Dietary Fats and Seafood

Barbour JA, Howe PR, Buckley JD, Bryan J, Coates AM. Effect of 12 weeks high oleic peanut
consumption on cardio-metabolic risk factors and body composition. Nutrients. 2015;7(9):7381-
7398. doi:10.3390/nu7095343.

Baxheinrich A, Stratmann B, Lee-Barkey YH, Tschoepe D, Wahrburg U. Effects of a rapeseed oil-
enriched hypoenergetic diet with a high content of alpha-linolenic acid on body weight and
cardiovascular risk profile in patients with the metabolic syndrome. Br J Nutr. 2012;108(4):682-
691. doi:10.1017/s0007114512002875.

Beavers KM, Serra MC, Beavers DP, Hudson GM, Willoughby DS. The lipid-lowering effects of 4
weeks of daily soymilk or dairy milk ingestion in a postmenopausal female population. J Med
Food. 2010;13(3):650-656. doi:10.1089/jmf.2009.0171.

Bergeron N, Chiu S, Williams PT, S MK, Krauss RM. Effects of red meat, white meat, and
nonmeat protein sources on atherogenic lipoprotein measures in the context of low compared
with high saturated fat intake: a randomized controlled trial. Am J Clin Nutr. 2019;110(1):24-33.
doi:10.1093/ajcn/nqz035.

Bjermo H, Iggman D, Kullberg J, et al. Effects of n-6 PUFAs compared with SFAs on liver fat,
lipoproteins, and inflammation in abdominal obesity: a randomized controlled trial. Am J Clin Nutr.
2012;95(5):1003-1012. doi:10.3945/ajcn.111.030114.

Bladbjerg EM, Larsen TM, Due A, Stender S, Astrup A, Jespersen J. Effects on markers of
inflammation and endothelial cell function of three ad libitum diets differing in type and amount of
fat and carbohydrate: a 6-month randomised study in obese individuals. Br J Nutr.
2011;106(1):123-129. doi:10.1017/s0007114510005829.

Blesso CN, Andersen CJ, Barona J, Volek JS, Fernandez ML. Whole egg consumption improves
lipoprotein profiles and insulin sensitivity to a greater extent than yolk-free egg substitute in
individuals with metabolic syndrome. Metabolism. 2013;62(3):400-410.
doi:10.1016/j.metabol.2012.08.014.

Bos MB, de Vries JH, Feskens EJ, et al. Effect of a high monounsaturated fatty acids diet and a
Mediterranean diet on serum lipids and insulin sensitivity in adults with mild abdominal obesity.
Nutr Metab Cardiovasc Dis. 2010;20(8):591-598. doi:10.1016/j.numecd.2009.05.008.

Bowen KJ, Kris-Etherton PM, West SG, et al. Diets enriched with conventional or high-oleic acid
canola oils lower atherogenic lipids and lipoproteins compared to a diet with a Western fatty acid
profile in adults with central adiposity. J Nutr. 2019;149(3):471-478. doi:10.1093/jn/nxy307.
Brassard D, Tessier-Grenier M, Allaire J, et al. Comparison of the impact of SFAs from cheese
and butter on cardiometabolic risk factors: a randomized controlled trial. Am J Clin Nutr.
2017;105(4):800-809. doi:10.3945/ajcn.116.150300.

Burns-Whitmore B, Haddad E, Sabate J, Rajaram S. Effects of supplementing n-3 fatty acid
enriched eggs and walnuts on cardiovascular disease risk markers in healthy free-living lacto-
ovo-vegetarians: a randomized, crossover, free-living intervention study. Nutr J. 2014;13:29.
doi:10.1186/1475-2891-13-29.

Cheng C, Wang D, Xia H, et al. A comparative study of the effects of palm olein, cocoa butter and
extra virgin olive oil on lipid profile, including low-density lipoprotein subfractions in young healthy
Chinese people. Int J Food Sci Nutr. 2019;70(3):355-366. doi:10.1080/09637486.2018.1504009.
Chinwong S, Chinwong D, Mangklabruks A. Daily consumption of virgin coconut oil increases
high-density lipoprotein cholesterol levels in healthy volunteers: a randomized crossover trial.
Evid Based Complement Alternat Med. 2017;2017:7251562. doi:10.1155/2017/7251562.

Chiu S, Williams PT, Dawson T, et al. Diets high in protein or saturated fat do not affect insulin
sensitivity or plasma concentrations of lipids and lipoproteins in overweight and obese adults. J
Nutr. 2014;144(11):1753-1759. doi:10.3945/jn.114.197624.

Choi SH, Gharahmany G, Walzem RL, Meade TH, Smith SB. Ground beef high in total fat and
saturated fatty acids decreases X receptor signaling targets in peripheral blood mononuclear cells
of men and women. Lipids. 2018;53(3):279-290. doi:10.1002/lipd.12028.

Clayton ZS, Scholar KR, Shelechi M, et al. Influence of resistance training combined with daily
consumption of an egg-based or bagel-based breakfast on risk factors for chronic diseases in
healthy untrained individuals. J Am Coll Nutr. 2015;34(2):113-119.
doi:10.1080/07315724.2014.946622.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 41



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Part D. Chapter 9: Dietary Fats and Seafood

Dawczynski C, Martin L, Wagner A, Jahreis G. n-3 LC-PUFA-enriched dairy products are able to
reduce cardiovascular risk factors: a double-blind, cross-over study. Clin Nutr. 2010;29(5):592-
599. doi:10.1016/j.cInu.2010.02.008.

de Souza RGM, Gomes AC, de Castro IA, Mota JF. A baru almond-enriched diet reduces
abdominal adiposity and improves high-density lipoprotein concentrations: a randomized,
placebo-controlled trial. Nutrition. 2018;55-56:154-160. doi:10.1016/j.nut.2018.06.001.

Dhillon J, Thorwald M, De La Cruz N, et al. Glucoregulatory and cardiometabolic profiles of
almond vs. cracker snacking for 8 weeks in young adults: a randomized controlled trial. Nutrients.
2018;10(8). doi:10.3390/nu10080960.

Dias CB, Amigo N, Wood LG, Correig X, Garg ML. Effect of diets rich in either saturated fat or n-6
polyunsaturated fatty acids and supplemented with long-chain n-3 polyunsaturated fatty acids on
plasma lipoprotein profiles. Eur J Clin Nutr. 2017;71(11):1297-1302. doi:10.1038/ejcn.2017.56.
Drouin-Chartier JP, Gagnon J, Labonte ME, et al. Impact of milk consumption on cardiometabolic
risk in postmenopausal women with abdominal obesity. Nutr J. 2015;14:12. doi:10.1186/1475-
2891-14-12.

Egert S, Kratz M, Kannenberg F, Fobker M, Wahrburg U. Effects of high-fat and low-fat diets rich
in monounsaturated fatty acids on serum lipids, LDL size and indices of lipid peroxidation in
healthy non-obese men and women when consumed under controlled conditions. Eur J Nuftr.
2011;50(1):71-79. doi:10.1007/s00394-010-0116-9.

Engel S, Tholstrup T. Butter increased total and LDL cholesterol compared with olive oil but
resulted in higher HDL cholesterol compared with a habitual diet. Am J Clin Nutr.
2015;102(2):309-315. doi:10.3945/ajcn.115.112227.

Faghihnia N, Tsimikas S, Miller ER, Witztum JL, Krauss RM. Changes in lipoprotein(a), oxidized
phospholipids, and LDL subclasses with a low-fat high-carbohydrate diet. J Lipid Res.
2010;51(11):3324-3330. doi:10.1194/jIr. M005769.

Farajbakhsh A, Mazloomi SM, Mazidi M, et al. Sesame oil and vitamin E co-administration may
improve cardiometabolic risk factors in patients with metabolic syndrome: a randomized clinical
trial. Eur J Clin Nutr. 2019;73(10):1403-1411. doi:10.1038/s41430-019-0438-5.

Gagliardi AC, Maranhao RC, de Sousa HP, Schaefer EJ, Santos RD. Effects of margarines and
butter consumption on lipid profiles, inflammation markers and lipid transfer to HDL particles in
free-living subjects with the metabolic syndrome. Eur J Clin Nutr. 2010;64(10):1141-1149.
doi:10.1038/ejcn.2010.122.

Gilmore LA, Walzem RL, Crouse SF, et al. Consumption of high-oleic acid ground beef increases
HDL-cholesterol concentration but both high- and low-oleic acid ground beef decrease HDL
particle diameter in normocholesterolemic men. J Nutr. 2011;141(6):1188-1194.
doi:10.3945/jn.110.136085.

Grieger JA, Miller MD, Cobiac L. Investigation of the effects of a high fish diet on inflammatory
cytokines, blood pressure, and lipids in healthy older Australians. Food Nutr Res. 2014;58.
doi:10.3402/fnr.v58.20369.

Hagen IV, Helland A, Bratlie M, et al. High intake of fatty fish, but not of lean fish, affects serum
concentrations of TAG and HDL-cholesterol in healthy, normal-weight adults: a randomised trial.
Br J Nutr. 2016;116(4):648-657. doi:10.1017/s0007114516002555.

Hallund J, Madsen BO, Bugel SH, et al. The effect of farmed trout on cardiovascular risk markers
in healthy men. Br J Nutr. 2010;104(10):1528-1536. doi:10.1017/s0007114510002527.

Harris M, Hutchins A, Fryda L. The impact of virgin coconut oil and high-oleic safflower oil on
body composition, lipids, and inflammatory markers in postmenopausal women. J Med Food.
2017;20(4):345-351. doi:10.1089/jmf.2016.0114.

Hyde PN, Sapper TN, Crabtree CD, et al. Dietary carbohydrate restriction improves metabolic
syndrome independent of weight loss. JCI Insight. 2019;4(12). doi:10.1172/jci.insight.128308.
Iggman D, Rosqvist F, Larsson A, et al. Role of dietary fats in modulating cardiometabolic risk
during moderate weight gain: a randomized double-blind overfeeding trial (LIPOGAIN study). J
Am Heart Assoc. 2014;3(5):e001095. doi:10.1161/jaha.114.001095.

Intorre F, Foddai MS, Azzini E, et al. Differential effect of cheese fatty acid composition on blood
lipid profile and redox status in normolipidemic volunteers: a pilot study. Int J Food Sci Nutr.
2011;62(6):660-669. doi:10.3109/09637486.2011.569491.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 42



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Part D. Chapter 9: Dietary Fats and Seafood

Isherwood C, Wong M, Jones WS, Davies IG, Griffin BA. Lack of effect of cold water prawns on
plasma cholesterol and lipoproteins in normo-lipidaemic men. Cell Mol Biol (Noisy-le-grand).
2010;56(1):52-58. doi:10.1170/T879.

Jaakkola JM, Pahkala K, Ronnemaa T, et al. Longitudinal child-oriented dietary intervention:
association with parental diet and cardio-metabolic risk factors. The Special Turku Coronary Risk
Factor Intervention Project. Eur J Prev Cardiol. 2017;24(16):1779-1787.
doi:10.1177/2047487317720286.

Jebb SA, Lovegrove JA, Griffin BA, et al. Effect of changing the amount and type of fat and
carbohydrate on insulin sensitivity and cardiovascular risk: the RISCK (Reading, Imperial, Surrey,
Cambridge, and Kings) trial. Am J Clin Nutr. 2010;92(4):748-758. doi:10.3945/ajcn.2009.29096.
Jones PJ, Senanayake VK, Pu S, et al. DHA-enriched high-oleic acid canola oil improves lipid
profile and lowers predicted cardiovascular disease risk in the canola oil multicenter randomized
controlled trial. Am J Clin Nutr. 2014;100(1):88-97. doi:10.3945/ajcn.113.081133.

Kalgaonkar S, Aimario RU, Gurusinghe D, et al. Differential effects of walnuts vs almonds on
improving metabolic and endocrine parameters in PCOS. Eur J Clin Nutr. 2011;65(3):386-393.
doi:10.1038/ejcn.2010.266.

Karupaiah T, Chuah KA, Chinna K, et al. Comparing effects of soybean oil- and palm olein-based
mayonnaise consumption on the plasma lipid and lipoprotein profiles in human subjects: a
double-blind randomized controlled trial with cross-over design. Lipids Health Dis.
2016;15(1):131. doi:10.1186/s12944-016-0301-9.

Katz DL, Davidhi A, Ma Y, Kavak Y, Bifulco L, Njike VY. Effects of walnuts on endothelial function
in overweight adults with visceral obesity: a randomized, controlled, crossover trial. J Am Coll
Nutr. 2012;31(6):415-423. doi:10.1080/07315724.2012.10720468.

Kawakami Y, Yamanaka-Okumura H, Naniwa-Kuroki Y, Sakuma M, Taketani Y, Takeda E.
Flaxseed oil intake reduces serum small dense low-density lipoprotein concentrations in
Japanese men: a randomized, double blind, crossover study. Nutr J. 2015;14:39.
doi:10.1186/s12937-015-0023-2.

Khaw KT, Sharp SJ, Finikarides L, et al. Randomised trial of coconut oil, olive oil or butter on
blood lipids and other cardiovascular risk factors in healthy men and women. BMJ Open.
2018;8(3):€020167. doi:10.1136/bmjopen-2017-020167.

Klempel MC, Kroeger CM, Varady KA. Alternate day fasting increases LDL particle size
independently of dietary fat content in obese humans. Eur J Clin Nutr. 2013;67(7):783-785.
doi:10.1038/ejcn.2013.83.

Kontogianni MD, Vlassopoulos A, Gatzieva A, et al. Flaxseed oil does not affect inflammatory
markers and lipid profile compared to olive oil, in young, healthy, normal weight adults.
Metabolism. 2013;62(5):686-693. doi:10.1016/j.metabol.2012.11.007.

Kovell LC, Yeung EH, Miller ER, 3rd, et al. Healthy diet reduces markers of cardiac injury and
inflammation regardless of macronutrients: results from the OmniHeart trial. Int J Cardiol.
2020;299:282-288. doi:10.1016/j.ijcard.2019.07.102.

Kruse M, von Loeffelholz C, Hoffmann D, et al. Dietary rapeseed/canola-oil supplementation
reduces serum lipids and liver enzymes and alters postprandial inflammatory responses in
adipose tissue compared to olive-oil supplementation in obese men. Mol Nutr Food Res.
2015;59(3):507-519. doi:10.1002/mnfr.201400446.

Lim SS, Noakes M, Keogh JB, Clifton PM. Long-term effects of a low carbohydrate, low fat or
high unsaturated fat diet compared to a no-intervention control. Nutr Metab Cardiovasc Dis.
2010;20(8):599-607. doi:10.1016/j.numecd.2009.05.003.

Liu X, Garban J, Jones PJ, et al. Diets low in saturated fat with different unsaturated fatty acid
profiles similarly increase serum-mediated cholesterol efflux from THP-1 macrophages in a
population with or at risk for metabolic syndrome: the Canola Oil Multicenter Intervention Trial. J
Nutr. 2018;148(5):721-728. doi:10.1093/jn/nxy040.

Lucci P, Borrero M, Ruiz A, et al. Palm oil and cardiovascular disease: a randomized trial of the
effects of hybrid palm oil supplementation on human plasma lipid patterns. Food Funct.
2016;7(1):347-354. doi:10.1039/c5fo01083g.

Lv C,Wang Y, Zhou C, et al. Effects of dietary palm olein on the cardiovascular risk factors in
healthy young adults. Food Nutr Res. 2018;62. doi:10.29219/fnr.v62.1353.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 43



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Part D. Chapter 9: Dietary Fats and Seafood

McDaniel J, Askew W, Bennett D, et al. Bison meat has a lower atherogenic risk than beef in
healthy men. Nutr Res. 2013;33(4):293-302. doi:10.1016/j.nutres.2013.01.007.

McKay DL, Eliasziw M, Chen CYO, Blumberg JB. A pecan-rich diet improves cardiometabolic risk
factors in overweight and obese adults: a randomized controlled trial. Nutrients. 2018;10(3).
doi:10.3390/nu10030339.

Michielsen C, Hangelbroek RWJ, Feskens EJM, Afman LA. Disentangling the effects of
monounsaturated fatty acids from other components of a Mediterranean diet on serum metabolite
profiles: a randomized fully controlled dietary intervention in healthy subjects at risk of the
metabolic syndrome. Mol Nutr Food Res. 2019;63(9):e1801095. doi:10.1002/mnfr.201801095.
Miller M, Sorkin JD, Mastella L, et al. Poly is more effective than monounsaturated fat for dietary
management in the metabolic syndrome: the muffin study. J Clin Lipidol. 2016;10(4):996-1003.
doi:10.1016/j.jacl.2016.04.011.

Missimer A, DiMarco DM, Andersen CJ, Murillo AG, Vergara-Jimenez M, Fernandez ML.
Consuming two eggs per day, as compared to an oatmeal breakfast, decreases plasma ghrelin
while maintaining the LDL/HDL ratio. Nutrients. 2017;9(2). doi:10.3390/nu9020089.

Morillas-Ruiz JM, Delgado-Alarcon JM, Rubio-Perez JM, Albaladejo Oton MD. The type of fat
ingested at breakfast influences the plasma lipid profile of postmenopausal women. Biomed Res
Int. 2014;2014:815915. doi:10.1155/2014/815915.

Morton AM, Furtado JD, Mendivil CO, Sacks FM. Dietary unsaturated fat increases HDL
metabolic pathways involving apoE favorable to reverse cholesterol transport. JC/ Insight.
2019;4(7). doi:10.1172/jci.insight.124620.

Ng YT, Voon PT, Ng TKW, et al. Interesterified palm olein (IEPalm) and interesterified stearic
acid-rich fat blend (IEStear) have no adverse effects on insulin resistance: a randomized control
trial. Nutrients. 2018;10(8). doi:10.3390/nu10081112.

Olmedilla-Alonso B, Nova-Rebato E, Garcia-Gonzalez N, et al. Effect of ewe's (semi-skimmed
and whole) and cow's milk yogurt consumption on the lipid profile of control subjects: a crossover
study. Food Nutr Res. 2017;61(1):1391669. doi:10.1080/16546628.2017.1391669.

Ooi EM, Lichtenstein AH, Millar JS, et al. Effects of therapeutic lifestyle change diets high and low
in dietary fish-derived FAs on lipoprotein metabolism in middle-aged and elderly subjects. J Lipid
Res. 2012;53(9):1958-1967. doi:10.1194/jIr.P024315.

Palacios OM, Maki KC, Xiao D, et al. Effects of consuming almonds on insulin sensitivity and
other cardiometabolic health markers in adults with prediabetes. J Am Coll Nutr. 2019:1-10.
doi:10.1080/07315724.2019.1660929.

Palomaki A, Pohjantahti-Maaroos H, Wallenius M, et al. Effects of dietary cold-pressed turnip
rapeseed oil and butter on serum lipids, oxidized LDL and arterial elasticity in men with metabolic
syndrome. Lipids Health Dis. 2010;9:137. doi:10.1186/1476-511x-9-137.

Pieters DJ, Mensink RP. Effects of stearidonic acid on serum triacylglycerol concentrations in
overweight and obese subjects: a randomized controlled trial. Eur J Clin Nutr. 2015;69(1):121-
126. doi:10.1038/ejcn.2014.193.

Raziani F, Tholstrup T, Kristensen MD, et al. High intake of regular-fat cheese compared with
reduced-fat cheese does not affect LDL cholesterol or risk markers of the metabolic syndrome: a
randomized controlled trial. Am J Clin Nutr. 2016;104(4):973-981. doi:10.3945/ajcn.116.134932.
Root MM, Dawson HR. DASH-like diets high in protein or monounsaturated fats improve
metabolic syndrome and calculated vascular risk. Int J Vitam Nutr Res. 2013;83(4):224-231.
doi:10.1024/0300-9831/a000164.

Rozati M, Barnett J, Wu D, et al. Cardio-metabolic and immunological impacts of extra virgin olive
oil consumption in overweight and obese older adults: a randomized controlled trial. Nutr Metab
(Lond). 2015;12:28. doi:10.1186/s12986-015-0022-5.

Rueda JM, Khosla P. Impact of breakfasts (with or without eggs) on body weight regulation and
blood lipids in university students over a 14-week semester. Nutrients. 2013;5(12):5097-5113.
doi:10.3390/nu5125097.

Sari I, Baltaci Y, Bagci C, et al. Effect of pistachio diet on lipid parameters, endothelial function,
inflammation, and oxidative status: a prospective study. Nutrition. 2010;26(4):399-404.
doi:10.1016/j.nut.2009.05.023.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 44



124.

125.

126.

127.

128.

120.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

Part D. Chapter 9: Dietary Fats and Seafood

Sawrey-Kubicek L, Zhu C, Bardagjy AS, et al. Whole egg consumption compared with yolk-free
egg increases the cholesterol efflux capacity of high-density lipoproteins in overweight,
postmenopausal women. Am J Clin Nutr. 2019;110(3):617-627. doi:10.1093/ajcn/nqz088.

Sofi F, Buccioni A, Cesari F, et al. Effects of a dairy product (pecorino cheese) naturally rich in
cis-9, trans-11 conjugated linoleic acid on lipid, inflammatory and haemorheological variables: a
dietary intervention study. Nutr Metab Cardiovasc Dis. 2010;20(2):117-124.
doi:10.1016/j.numecd.2009.03.004.

Sofi F, Giorgi G, Cesari F, et al. The atherosclerotic risk profile is affected differently by fish flesh
with a similar EPA and DHA content but different n-6/n-3 ratio. Asia Pac J Clin Nutr.
2013;22(1):32-40. doi:10.6133/apjcn.2013.22.1.12.

Stonehouse W, Benassi-Evans B, James-Martin G, Abeywardena M. Fatty acid regio-specificity
of triacylglycerol molecules may affect plasma lipid responses to dietary fats-a randomised
controlled cross-over trial. Eur J Clin Nutr. 2020;74(2):268-277. doi:10.1038/s41430-019-0452-7.
Sun G, Xia H, Yang Y, et al. Effects of palm olein and olive oil on serum lipids in a Chinese
population: a randomized, double-blind, cross-over trial. Asia Pac J Clin Nutr. 2018;27(3):572-
580. doi:10.6133/apjcn.032017.12.

Tapsell L, Batterham M, Huang XF, et al. Short term effects of energy restriction and dietary fat
sub-type on weight loss and disease risk factors. Nutr Metab Cardiovasc Dis. 2010;20(5):317-
325. doi:10.1016/j.numecd.2009.04.007.

Teng KT, Chang LF, Vethakkan SR, Nesaretham K, Sanders TAB. Effects of exchanging
carbohydrate or monounsaturated fat with saturated fat on inflammatory and thrombogenic
responses in subjects with abdominal obesity: a randomized controlled trial. Clin Nutr.
2017;36(5):1250-1258. doi:10.1016/j.cInu.2016.08.026.

Teng KT, Voon PT, Cheng HM, Nesaretnam K. Effects of partially hydrogenated, semi-saturated,
and high oleate vegetable oils on inflammatory markers and lipids. Lipids. 2010;45(5):385-392.
doi:10.1007/s11745-010-3416-1.

Thompson HJ, Sedlacek SM, Paul D, et al. Effect of dietary patterns differing in carbohydrate and
fat content on blood lipid and glucose profiles based on weight-loss success of breast-cancer
survivors. Breast Cancer Res. 2012;14(1):R1. doi:10.1186/bcr3082.

Tindall AM, Petersen KS, Skulas-Ray AC, Richter CK, Proctor DN, Kris-Etherton PM. Replacing
saturated fat with walnuts or vegetable oils improves central blood pressure and serum lipids in
adults at risk for cardiovascular disease: a randomized controlled-feeding trial. J Am Heart Assoc.
2019;8(9):e011512. doi:10.1161/jaha.118.011512.

Utzschneider KM, Bayer-Carter JL, Arbuckle MD, Tidwell JM, Richards TL, Craft S. Beneficial
effect of a weight-stable, low-fat/low-saturated fat/low-glycaemic index diet to reduce liver fat in
older subjects. Br J Nutr. 2013;109(6):1096-1104. doi:10.1017/s0007114512002966.

Vafeiadou K, Weech M, Altowaijri H, et al. Replacement of saturated with unsaturated fats had no
impact on vascular function but beneficial effects on lipid biomarkers, E-selectin, and blood
pressure: results from the randomized, controlled Dietary Intervention and VAScular function
(DIVAS) study. Am J Clin Nutr. 2015;102(1):40-48. doi:10.3945/ajcn.114.097089.

van der Made SM, Kelly ER, Berendschot TT, Kijlstra A, Lutjohann D, Plat J. Consuming a
buttermilk drink containing lutein-enriched egg yolk daily for 1 year increased plasma lutein but
did not affect serum lipid or lipoprotein concentrations in adults with early signs of age-related
macular degeneration. J Nutr. 2014;144(9):1370-1377. doi:10.3945/jn.114.195503.

van Meijl LE, Mensink RP. Low-fat dairy consumption reduces systolic blood pressure, but does
not improve other metabolic risk parameters in overweight and obese subjects. Nutr Metab
Cardiovasc Dis. 2011;21(5):355-361. doi:10.1016/j.numecd.2009.10.008.

Varady KA, Bhutani S, Klempel MC, Phillips SA. Improvements in vascular health by a low-fat
diet, but not a high-fat diet, are mediated by changes in adipocyte biology. Nutr J. 2011;10:8.
doi:10.1186/1475-2891-10-8.

Veum VL, Laupsa-Borge J, Eng O, et al. Visceral adiposity and metabolic syndrome after very
high-fat and low-fat isocaloric diets: a randomized controlled trial. Am J Clin Nutr. 2017;105(1):85-
99. d0i:10.3945/ajcn.115.123463.

Wang L, Bordi PL, Fleming JA, Hill AM, Kris-Etherton PM. Effect of a moderate fat diet with and
without avocados on lipoprotein particle number, size and subclasses in overweight and obese

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 45



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Part D. Chapter 9: Dietary Fats and Seafood

adults: a randomized, controlled trial. J Am Heart Assoc. 2015;4(1):e001355.
doi:10.1161/jaha.114.001355.

Werner LB, Hellgren LI, Raff M, et al. Effects of butter from mountain-pasture grazing cows on
risk markers of the metabolic syndrome compared with conventional Danish butter: a randomized
controlled study. Lipids Health Dis. 2013;12:99. doi:10.1186/1476-511x-12-99.

Young AJ, Marriott BP, Champagne CM, et al. Blood fatty acid changes in healthy young
Americans in response to a 10-week diet that increased n-3 and reduced n-6 fatty acid
consumption: a randomised controlled trial. Br J Nutr. 2017;117(9):1257-1269.
doi:10.1017/s0007114517001003.

Yubero-Serrano EM, Delgado-Lista J, Tierney AC, et al. Insulin resistance determines a
differential response to changes in dietary fat modification on metabolic syndrome risk factors: the
LIPGENE study. Am J Clin Nutr. 2015;102(6):1509-1517. doi:10.3945/ajcn.115.111286.
Abdollahi AM, Virtanen HEK, Voutilainen S, et al. Egg consumption, cholesterol intake, and risk of
incident stroke in men: the Kuopio Ischaemic Heart Disease Risk Factor Study. Am J Clin Nutr.
2019;110(1):169-176. doi:10.1093/ajcn/nqz066.

Akbaraly TN, Ferrie JE, Berr C, et al. Alternative Healthy Eating Index and mortality over 18 y of
follow-up: results from the Whitehall Il cohort. Am J Clin Nutr. 2011;94(1):247-253.
doi:10.3945/ajcn.111.013128.

Akesson A, Donat-Vargas C, Berglund M, Glynn A, Wolk A, Kippler M. Dietary exposure to
polychlorinated biphenyls and risk of heart failure - a population-based prospective cohort study.
Environ Int. 2019;126:1-6. doi:10.1016/j.envint.2019.01.069.

Amiano P, Machon M, Dorronsoro M, et al. Intake of total omega-3 fatty acids, eicosapentaenoic
acid and docosahexaenoic acid and risk of coronary heart disease in the Spanish EPIC cohort
study. Nutr Metab Cardiovasc Dis. 2014;24(3):321-327. doi:10.1016/j.numecd.2013.08.011.
Atkinson C, Whitley E, Ness A, Baker I. Associations between types of dietary fat and fish intake
and risk of stroke in the Caerphilly Prospective Study (CaPS). Public Health. 2011;125(6):345-
348. doi:10.1016/j.puhe.2011.03.002.

Belin RJ, Greenland P, Allison M, et al. Diet quality and the risk of cardiovascular disease: the
Women's Health Initiative (WHI). Am J Clin Nutr. 2011;94(1):49-57. doi:10.3945/ajcn.110.011221.
Belin RJ, Greenland P, Martin L, et al. Fish intake and the risk of incident heart failure: the
Women's Health Initiative. Circ Heart Fail. 2011;4(4):404-413.
doi:10.1161/circheartfailure.110.960450.

Bell GA, Kantor ED, Lampe JW, Kristal AR, Heckbert SR, White E. Intake of long-chain omega-3
fatty acids from diet and supplements in relation to mortality. Am J Epidemiol. 2014;179(6):710-
720. doi:10.1093/aje/kwt326.

Bendinelli B, Masala G, Saieva C, et al. Fruit, vegetables, and olive oil and risk of coronary heart
disease in Italian women: the EPICOR Study. Am J Clin Nutr. 2011;93(2):275-283.
doi:10.3945/ajcn.110.000521.

Bergkvist C, Berglund M, Glynn A, Julin B, Wolk A, Akesson A. Dietary exposure to
polychlorinated biphenyls and risk of myocardial infarction in men - a population-based
prospective cohort study. Environ Int. 2016;88:9-14. doi:10.1016/j.envint.2015.11.020.

Bergkvist C, Berglund M, Glynn A, Wolk A, Akesson A. Dietary exposure to polychlorinated
biphenyls and risk of myocardial infarction - a population-based prospective cohort study. Int J
Cardiol. 2015;183:242-248. doi:10.1016/j.ijjcard.2015.01.055.

Bergkvist C, Kippler M, Larsson SC, et al. Dietary exposure to polychlorinated biphenyls is
associated with increased risk of stroke in women. J Intern Med. 2014;276(3):248-259.
doi:10.1111/joim.12194.

Blekkenhorst LC, Prince RL, Hodgson JM, et al. Dietary saturated fat intake and atherosclerotic
vascular disease mortality in elderly women: a prospective cohort study. Am J Clin Nutr.
2015;101(6):1263-1268. doi:10.3945/ajcn.114.102392.

Bork CS, Jakobsen MU, Lundbye-Christensen S, Tjonneland A, Schmidt EB, Overvad K. Dietary
intake and adipose tissue content of alpha-linolenic acid and risk of myocardial infarction: a
Danish cohort study. Am J Clin Nutr. 2016;104(1):41-48. doi:10.3945/ajcn.115.127019.

Bork CS, Veno SK, Lundbye-Christensen S, et al. Dietary intake of alpha-linolenic acid is not
appreciably associated with risk of ischemic stroke among middle-aged Danish men and women.
J Nutr. 2018;148(6):952-958. doi:10.1093/jn/nxy056.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 46



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Part D. Chapter 9: Dietary Fats and Seafood

Buckland G, Mayen AL, Agudo A, et al. Olive oil intake and mortality within the Spanish
population (EPIC-Spain). Am J Clin Nutr. 2012;96(1):142-149. doi:10.3945/ajcn.111.024216.
Buckland G, Travier N, Barricarte A, et al. Olive oil intake and CHD in the European Prospective
Investigation into Cancer and Nutrition Spanish cohort. Br J Nutr. 2012;108(11):2075-2082.
doi:10.1017/s000711451200298x.

Chiuve SE, Rimm EB, Sandhu RK, et al. Dietary fat quality and risk of sudden cardiac death in
women. Am J Clin Nutr. 2012;96(3):498-507. doi:10.3945/ajcn.112.040287.

de Goede J, Geleijnse JM, Boer JM, Kromhout D, Verschuren WM. Marine (n-3) fatty acids, fish
consumption, and the 10-year risk of fatal and nonfatal coronary heart disease in a large
population of Dutch adults with low fish intake. J Nutr. 2010;140(5):1023-1028.
doi:10.3945/jn.109.119271.

de Goede J, Geleijnse JM, Boer JM, Kromhout D, Verschuren WM. Linoleic acid intake, plasma
cholesterol and 10-year incidence of CHD in 20,000 middle-aged men and women in the
Netherlands. Br J Nutr. 2012;107(7):1070-1076. doi:10.1017/s0007114511003837.

de Goede J, Verschuren WM, Boer JM, Kromhout D, Geleijnse JM. Alpha-linolenic acid intake
and 10-year incidence of coronary heart disease and stroke in 20,000 middle-aged men and
women in the Netherlands. PLoS One. 2011;6(3):e17967. doi:10.1371/journal.pone.0017967.
de Oliveira Otto MC, Mozaffarian D, Kromhout D, et al. Dietary intake of saturated fat by food
source and incident cardiovascular disease: the Multi-Ethnic Study of Atherosclerosis. Am J Clin
Nutr. 2012;96(2):397-404. doi:10.3945/ajcn.112.037770.

de Oliveira Otto MC, Wu JH, Baylin A, et al. Circulating and dietary omega-3 and omega-6
polyunsaturated fatty acids and incidence of CVD in the Multi-Ethnic Study of Atherosclerosis. J
Am Heart Assoc. 2013;2(6):e000506. doi:10.1161/jaha.113.000506.

Donat-Vargas C, Bellavia A, Berglund M, Glynn A, Wolk A, Akesson A. Cardiovascular and
cancer mortality in relation to dietary polychlorinated biphenyls and marine polyunsaturated fatty
acids: a nutritional-toxicological aspect of fish consumption. J Intern Med. 2020;287(2):197-209.
doi:10.1111/joim.12995.

Fretts AM, Mozaffarian D, Siscovick DS, et al. Plasma phospholipid and dietary alpha-linolenic
acid, mortality, CHD and stroke: the Cardiovascular Health Study. Br J Nutr. 2014;112(7):1206-
1213. doi:10.1017/s0007114514001925.

Gammelmark A, Nielsen MS, Bork CS, et al. Association of fish consumption and dietary intake of
marine n-3 PUFA with myocardial infarction in a prospective Danish cohort study. Br J Nutr.
2016;116(1):167-177. doi:10.1017/s000711451600180x.

Gardener H, Wright CB, Gu Y, et al. Mediterranean-style diet and risk of ischemic stroke,
myocardial infarction, and vascular death: the Northern Manhattan Study. Am J Clin Nutr.
2011;94(6):1458-1464. doi:10.3945/ajcn.111.012799.

Goldbohm RA, Chorus AM, Galindo Garre F, Schouten LJ, van den Brandt PA. Dairy
consumption and 10-y total and cardiovascular mortality: a prospective cohort study in the
Netherlands. Am J Clin Nutr. 2011;93(3):615-627. doi:10.3945/ajcn.110.000430.

Guasch-Ferre M, Babio N, Martinez-Gonzalez MA, et al. Dietary fat intake and risk of
cardiovascular disease and all-cause mortality in a population at high risk of cardiovascular
disease. Am J Clin Nutr. 2015;102(6):1563-1573. doi:10.3945/ajcn.115.116046.

Guasch-Ferre M, Hu FB, Martinez-Gonzalez MA, et al. Olive oil intake and risk of cardiovascular
disease and mortality in the PREDIMED Study. BMC Med. 2014;12:78. doi:10.1186/1741-7015-
12-78.

Hellstrand S, Ericson U, Gullberg B, Hedblad B, Orho-Melander M, Sonestedt E. Genetic
variation in FADS1 has little effect on the association between dietary PUFA intake and
cardiovascular disease. J Nutr. 2014;144(9):1356-1363. doi:10.3945/jn.114.192708.

Hisamatsu T, Miura K, Ohkubo T, et al. Interaction between dietary marine-derived n-3 fatty acids
intake and J-point elevation on the risk of cardiac death: a 24-year follow-up of Japanese men.
Heart. 2013;99(14):1024-1029. doi:10.1136/heartjnl-2012-303496.

Hlebowicz J, Drake I, Gullberg B, et al. A high diet quality is associated with lower incidence of
cardiovascular events in the Malmo diet and cancer cohort. PLoS One. 2013;8(8):e71095.
doi:10.1371/journal.pone.0071095.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 47



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

Part D. Chapter 9: Dietary Fats and Seafood

Houston DK, Ding J, Lee JS, et al. Dietary fat and cholesterol and risk of cardiovascular disease
in older adults: the Health ABC Study. Nutr Metab Cardiovasc Dis. 2011;21(6):430-437.
doi:10.1016/j.numecd.2009.11.007.

Isaksen T, Evensen LH, Johnsen SH, et al. Dietary intake of marine n-3 polyunsaturated fatty
acids and future risk of venous thromboembolism. Res Pract Thromb Haemost. 2019;3(1):59-69.
doi:10.1002/rth2.12168.

Jakobsen MU, Dethlefsen C, Joensen AM, et al. Intake of carbohydrates compared with intake of
saturated fatty acids and risk of myocardial infarction: importance of the glycemic index. Am J
Clin Nutr. 2010;91(6):1764-1768. doi:10.3945/ajcn.2009.29099.

Joensen AM, Schmidt EB, Dethlefsen C, et al. Dietary intake of total marine n-3 polyunsaturated
fatty acids, eicosapentaenoic acid, docosahexaenoic acid and docosapentaenoic acid and the
risk of acute coronary syndrome - a cohort study. Br J Nutr. 2010;103(4):602-607.
doi:10.1017/s0007114509992170.

Juan J, Huang H, Jiang X, et al. Joint effects of fatty acid desaturase 1 polymorphisms and
dietary polyunsaturated fatty acid intake on circulating fatty acid proportions. Am J Clin Nutr.
2018;107(5):826-833. doi:10.1093/ajcn/nqy025.

Kiage JN, Sampson UK, Lipworth L, et al. Intake of polyunsaturated fat in relation to mortality
among statin users and non-users in the Southern Community Cohort Study. Nutr Metab
Cardiovasc Dis. 2015;25(11):1016-1024. doi:10.1016/j.numecd.2015.07.006.

Kippler M, Larsson SC, Berglund M, Glynn A, Wolk A, Akesson A. Associations of dietary
polychlorinated biphenyls and long-chain omega-3 fatty acids with stroke risk. Environ Int.
2016;94:706-711. doi:10.1016/j.envint.2016.07.012.

Koh AS, Pan A, Wang R, et al. The association between dietary omega-3 fatty acids and
cardiovascular death: the Singapore Chinese Health Study. Eur J Prev Cardiol. 2015;22(3):364-
372. doi:10.1177/2047487313517576.

Koskinen TT, Virtanen HEK, Voutilainen S, Tuomainen TP, Mursu J, Virtanen JK. Intake of
fermented and non-fermented dairy products and risk of incident CHD: the Kuopio Ischaemic
Heart Disease Risk Factor Study. Br J Nutr. 2018;120(11):1288-1297.
doi:10.1017/s0007114518002830.

Kouli GM, Panagiotakos DB, Kyrou I, et al. Olive oil consumption and 10-year (2002-2012)
cardiovascular disease incidence: the ATTICA study. Eur J Nutr. 2019;58(1):131-138.
doi:10.1007/s00394-017-1577-x.

Kulezic A, Bergwall S, Fatemi S, et al. Healthy diet and fiber intake are associated with
decreased risk of incident symptomatic peripheral artery disease - a prospective cohort study.
Vasc Med. 2019;24(6):511-518. doi:10.1177/1358863x19867393.

Larsson SC, Virtamo J, Wolk A. Dietary fats and dietary cholesterol and risk of stroke in women.
Atherosclerosis. 2012;221(1):282-286. doi:10.1016/j.atherosclerosis.2011.12.043.

Lemaitre RN, Sitlani C, Song X, et al. Circulating and dietary alpha-linolenic acid and incidence of
congestive heart failure in older adults: the Cardiovascular Health Study. Am J Clin Nutr.
2012;96(2):269-274. doi:10.3945/ajcn.112.037960.

Levitan EB, Wolk A, Hakansson N, Mittleman MA. a-Linolenic acid, linoleic acid and heart failure
in women. Br J Nutr. 2012;108(7):1300-1306. doi:10.1017/s0007114511006726.

Levitan EB, Wolk A, Mittleman MA. Fatty fish, marine omega-3 fatty acids and incidence of heart
failure. Eur J Clin Nutr. 2010;64(6):587-594. doi:10.1038/ejcn.2010.50.

Li Y, Hruby A, Bernstein AM, et al. Saturated fats compared with unsaturated fats and sources of
carbohydrates in relation to risk of coronary heart disease: a prospective cohort study. J Am Coll
Cardiol. 2015;66(14):1538-1548. doi:10.1016/j.jacc.2015.07.055.

Lin HP, Baghdasarian S, Singer MR, et al. Dietary cholesterol, lipid levels, and cardiovascular risk
among adults with diabetes or impaired fasting glucose in the Framingham Offspring Study.
Nutrients. 2018;10(6). doi:10.3390/nu10060770.

Miyagawa N, Miura K, Okuda N, et al. Long-chain n-3 polyunsaturated fatty acids intake and
cardiovascular disease mortality risk in Japanese: a 24-year follow-up of NIPPON DATASO.
Atherosclerosis. 2014;232(2):384-389. doi:10.1016/j.atherosclerosis.2013.11.073.

Nagata C, Nakamura K, Wada K, et al. Total fat intake is associated with decreased mortality in
Japanese men but not in women. J Nutr. 2012;142(9):1713-1719. doi:10.3945/jn.112.161661.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 48



196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

Part D. Chapter 9: Dietary Fats and Seafood

Nakamura Y, Kiyohara Y, Okuda N, et al. Fatty acid intakes and coronary heart disease mortality
in Japan: NIPPON DATA90, 1990-2005. Curr Nutr Food Sci. 2013;9(1):26-32.
doi:10.2174/1573401311309010006.

Neelakantan N, Koh WP, Yuan JM, van Dam RM. Diet-Quality Indexes are associated with a
lower risk of cardiovascular, respiratory, and all-cause mortality among Chinese adults. J Nutr.
2018;148(8):1323-1332. doi:10.1093/jn/nxy094.

Neelakantan N, Naidoo N, Koh WP, Yuan JM, van Dam RM. The Alternative Healthy Eating
Index is associated with a lower risk of fatal and nonfatal acute myocardial infarction in a Chinese
Adult population. J Nutr. 2016;146(7):1379-1386. doi:10.3945/jn.116.231605.

O'Neil A, Shivappa N, Jacka FN, et al. Pro-inflammatory dietary intake as a risk factor for CVD in
men: a 5-year longitudinal study. Br J Nutr. 2015;114(12):2074-2082.
doi:10.1017/s0007114515003815.

Okada C, Imano H, Yamagishi K, et al. Dietary intake of energy and nutrients from breakfast and
risk of stroke in the Japanese population: the Circulatory Risk in Communities Study (CIRCS). J
Atheroscler Thromb. 2019;26(2):145-153. doi:10.5551/jat.44438.

Owen AJ, Magliano DJ, O'Dea K, Barr EL, Shaw JE. Polyunsaturated fatty acid intake and risk of
cardiovascular mortality in a low fish-consuming population: a prospective cohort analysis. Eur J
Nutr. 2016;55(4):1605-1613. doi:10.1007/s00394-015-0979-x.

Pala V, Sieri S, Chiodini P, et al. Associations of dairy product consumption with mortality in the
European Prospective Investigation into Cancer and Nutrition (EPIC)-Italy cohort. Am J Clin Nutr.
2019;110(5):1220-1230. doi:10.1093/ajcn/nqz183.

Patterson E, Larsson SC, Wolk A, Akesson A. Association between dairy food consumption and
risk of myocardial infarction in women differs by type of dairy food. J Nutr. 2013;143(1):74-79.
doi:10.3945/jn.112.166330.

Pierucci P, Misciagna G, Ventura MT, et al. Diet and myocardial infarction: a nested case-control
study in a cohort of elderly subjects in a Mediterranean area of southern Italy. Nutr Metab
Cardiovasc Dis. 2012;22(9):727-733. doi:10.1016/j.numecd.2010.12.002.

Praagman J, Beulens JW, Alssema M, et al. The association between dietary saturated fatty
acids and ischemic heart disease depends on the type and source of fatty acid in the European
Prospective Investigation into Cancer and Nutrition-Netherlands cohort. Am J Clin Nutr.
2016;103(2):356-365. doi:10.3945/ajcn.115.122671.

Praagman J, de Jonge EA, Kiefte-de Jong JC, et al. Dietary saturated fatty acids and coronary
heart disease risk in a Dutch middle-aged and elderly population. Arterioscler Thromb Vasc Biol.
2016;36(9):2011-2018. doi:10.1161/atvbaha.116.307578.

Praagman J, Vissers LET, Mulligan AA, et al. Consumption of individual saturated fatty acids and
the risk of myocardial infarction in a UK and a Danish cohort. Int J Cardiol. 2019;279:18-26.
doi:10.1016/j.ijcard.2018.10.064.

Reedy J, Krebs-Smith SM, Miller PE, et al. Higher diet quality is associated with decreased risk of
all-cause, cardiovascular disease, and cancer mortality among older adults. J Nutr.
2014;144(6):881-889. doi:10.3945/jn.113.189407.

Rhee JJ, Kim E, Buring JE, Kurth T. Fish consumption, omega-3 fatty acids, and risk of
cardiovascular disease. Am J Prev Med. 2017;52(1):10-19. doi:10.1016/j.amepre.2016.07.020.
Ricci C, Baumgartner J, Zec M, Kruger HS, Smuts CM. Type of dietary fat intakes in relation to
all-cause and cause-specific mortality in US adults: an iso-energetic substitution analysis from the
American National Health and Nutrition Examination Survey linked to the US mortality registry. Br
J Nutr. 2018;119(4):456-463. doi:10.1017/s0007114517003889.

Sala-Vila A, Guasch-Ferre M, Hu FB, et al. Dietary alpha-linolenic acid, marine omega-3 fatty
acids, and mortality in a population with high fish consumption: findings from the PREvencion con
Dleta MEDiterranea (PREDIMED) Study. J Am Heart Assoc. 2016;5(1).
doi:10.1161/jaha.115.002543.

Samieri C, Feart C, Proust-Lima C, et al. Olive oil consumption, plasma oleic acid, and stroke
incidence: the Three-City Study. Neurology. 2011;77(5):418-425.
doi:10.1212/WNL.0b013e318220abeb.

Santiago S, Zazpe |, Gea A, et al. Fat quality index and risk of cardiovascular disease in the Sun
Project. J Nutr Health Aging. 2018;22(4):526-533. doi:10.1007/s12603-018-1003-y.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 49



214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee

Part D. Chapter 9: Dietary Fats and Seafood

Simila ME, Kontto JP, Mannisto S, Valsta LM, Virtamo J. Glycaemic index, carbohydrate
substitution for fat and risk of CHD in men. Br J Nutr. 2013;110(9):1704-1711.
doi:10.1017/s0007114513000858.

Sonestedt E, Wirfalt E, Wallstrom P, Gullberg B, Orho-Melander M, Hedblad B. Dairy products
and its association with incidence of cardiovascular disease: the Malmo diet and cancer cohort.
Eur J Epidemiol. 2011;26(8):609-618. doi:10.1007/s10654-011-9589-y.

Stefler D, Malyutina S, Kubinova R, et al. Mediterranean diet score and total and cardiovascular
mortality in Eastern Europe: the HAPIEE study. Eur J Nutr. 2017;56(1):421-429.
doi:10.1007/s00394-015-1092-x.

Strom M, Halldorsson Tl, Mortensen EL, Torp-Pedersen C, Olsen SF. Fish, n-3 fatty acids, and
cardiovascular diseases in women of reproductive age: a prospective study in a large national
cohort. Hypertension. 2012;59(1):36-43. doi:10.1161/hypertensionaha.111.179382.

Sun 'Y, Koh WP, Yuan JM, et al. Plasma alpha-linolenic and long-chain omega-3 fatty acids are
associated with a lower risk of acute myocardial infarction in Singapore Chinese adults. J Nutr.
2016;146(2):275-282. doi:10.3945/jn.115.220418.

Vedtofte MS, Jakobsen MU, Lauritzen L, Heitmann BL. Dietary alpha-linolenic acid, linoleic acid,
and n-3 long-chain PUFA and risk of ischemic heart disease. Am J Clin Nutr. 2011;94(4):1097-
1103. doi:10.3945/ajcn.111.018762.

Veno SK, Bork CS, Jakobsen MU, et al. Marine n-3 polyunsaturated fatty acids and the risk of
ischemic stroke. Stroke. 2019;50(2):274-282. doi:10.1161/strokeaha.118.023384.

Veno SK, Schmidt EB, Jakobsen MU, Lundbye-Christensen S, Bach FW, Overvad K. Substitution
of linoleic acid for other macronutrients and the risk of ischemic stroke. Stroke. 2017;48(12):3190-
3195. doi:10.1161/strokeaha.117.017935.

Virtanen JK, Mursu J, Tuomainen TP, Voutilainen S. Dietary fatty acids and risk of coronary heart
disease in men: the Kuopio Ischemic Heart Disease Risk Factor Study. Arterioscler Thromb Vasc
Biol. 2014;34(12):2679-2687. doi:10.1161/atvbaha.114.304082.

Virtanen JK, Mursu J, Virtanen HE, et al. Associations of egg and cholesterol intakes with carotid
intima-media thickness and risk of incident coronary artery disease according to apolipoprotein E
phenotype in men: the Kuopio Ischaemic Heart Disease Risk Factor Study. Am J Clin Nutr.
2016;103(3):895-901. doi:10.3945/ajcn.115.122317.

Vissers LET, Rijksen J, Boer JMA, Verschuren WMM, van der Schouw YT, Sluijs I. Fatty acids
from dairy and meat and their association with risk of coronary heart disease. Eur J Nutr.
2019;58(7):2639-2647. doi:10.1007/s00394-018-1811-1.

Wakai K, Naito M, Date C, Iso H, Tamakoshi A. Dietary intakes of fat and total mortality among
Japanese populations with a low fat intake: The Japan Collaborative Cohort (JACC) Study. Nutr
Metab (Lond). 2014;11(1):12. doi:10.1186/1743-7075-11-12.

Wallstrom P, Sonestedt E, Hlebowicz J, et al. Dietary fiber and saturated fat intake associations
with cardiovascular disease differ by sex in the Malmo Diet and Cancer Cohort: a prospective
study. PLoS One. 2012;7(2):€31637. doi:10.1371/journal.pone.0031637.

Wang DD, Li Y, Chiuve SE, et al. Association of specific dietary fats with total and cause-specific
mortality. JAMA Intern Med. 2016;176(8):1134-1145. doi:10.1001/jamainternmed.2016.2417.
Wilk JB, Tsai MY, Hanson NQ, Gaziano JM, Djousse L. Plasma and dietary omega-3 fatty acids,
fish intake, and heart failure risk in the Physicians' Health Study. Am J Clin Nutr. 2012;96(4):882-
888. doi:10.3945/ajcn.112.042671.

Yaemsiri S, Sen S, Tinker L, Rosamond W, Wassertheil-Smoller S, He K. Trans fat, aspirin, and
ischemic stroke in postmenopausal women. Ann Neurol. 2012;72(5):704-715.
doi:10.1002/ana.23555.

Yamagishi K, Iso H, Kokubo Y, et al. Dietary intake of saturated fatty acids and incident stroke
and coronary heart disease in Japanese communities: The JPHC Study. Eur Heart J.
2013;34(16):1225-1232. doi:10.1093/eurheartj/eht043.

Yamagishi K, Iso H, Yatsuya H, et al. Dietary intake of saturated fatty acids and mortality from
cardiovascular disease in Japanese: The Japan Collaborative Cohort Study for Evaluation of
Cancer Risk (JACC) Study. Am J Clin Nutr. 2010;92(4):759-765. doi:10.3945/ajcn.2009.29146.
Zhang Y, Zhuang P, He W, et al. Association of fish and long-chain omega-3 fatty acids intakes
with total and cause-specific mortality: prospective analysis of 421 309 individuals. J Intern Med.
2018;284(4):399-417. doi:10.1111/joim.12786.

50



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.
250.

251.

Part D. Chapter 9: Dietary Fats and Seafood

Zhong VW, Van Horn L, Cornelis MC, et al. Associations of dietary cholesterol or egg
consumption with incident cardiovascular disease and mortality. JAMA. 2019;321(11):1081-1095.
doi:10.1001/jama.2019.1572.

Zhuang P, Wang W, Wang J, Zhang Y, Jiao J. Polyunsaturated fatty acids intake, omega-
6/omega-3 ratio and mortality: findings from two independent nationwide cohorts. Clin Nutr.
2019;38(2):848-855. doi:10.1016/j.cInu.2018.02.019.

Zhuang P, Zhang Y, He W, et al. Dietary fats in relation to total and cause-specific mortality in a
prospective cohort of 521,120 individuals with 16 years of follow-up. Circ Res. 2019;124(5):757-
768. doi:10.1161/circresaha.118.314038.

Zong G, Li Y, Sampson L, et al. Monounsaturated fats from plant and animal sources in relation
to risk of coronary heart disease among US men and women. Am J Clin Nutr. 2018;107(3):445-
453. doi:10.1093/ajcn/ngx004.

Zong G, Li Y, Wanders AJ, et al. Intake of individual saturated fatty acids and risk of coronary
heart disease in US men and women: two prospective longitudinal cohort studies. BMJ.
2016;355:i5796. doi:10.1136/bmj.i5796.

Benjamin EJ, Muntner P, Alonso A, et al. Heart Disease and Stroke Statistics-2019 Update: a
report from the American Heart Association. Circulation. 2019;139(10):e56-e528.
doi:10.1161/cir.0000000000000659.

Fryar CD, Chen TC, Li X. Prevalence of uncontrolled risk factors for cardiovascular disease:
United States, 1999-2010. NCHS Data Brief. 2012(103):1-8. Published 2012/10/30.

Sacks FM, Lichtenstein AH, Wu JHY, et al. Dietary fats and cardiovascular disease: a presidential
advisory from the American Heart Association. Circulation. 2017;136(3):e1-e23.
doi:10.1161/cir.0000000000000510.

Allen NB, Krefman AE, Labarthe D, et al. Cardiovascular health trajectories from childhood
through middle age and their association with subclinical atherosclerosis. JAMA Cardiol.
2020;5(5):1-10. doi:10.1001/jamacardio.2020.0140.

Banfield EF, Liu Y, Davis JS, Chang S, Frazier-Wood AC. Frazier-Wood AC. Poor adherence to
US Dietary Guidelines for children and adolescents in the National Health and Nutrition
Examination Survey Population. J Acad Nutr Diet. 2016;116(1):21-27.
doi:10.1016/j.jand.2015.08.010.

Ferranti Sd, Steinberger J, Ameduri R, et al. Cardiovascular Risk Reduction in High-Risk
Pediatric Patients: A Scientific Statement From the American Heart Association. Circulation.
2019;139(13):e603-e634. doi:10.1161/CIR.0000000000000618.

Steinberger J, Daniels SR, Hagberg N, et al. Cardiovascular Health Promotion in Children:
Challenges and Opportunities for 2020 and Beyond: A Scientific Statement From the American
Heart Association. Circulation. 2016;134(12):e236-e255. doi:10.1161/CIR.0000000000000441.
Mensink RP. Effects of saturated fatty acids on serum lipids and lipoproteins: a systematic review
and regression analysis. World Health Organization.
https://www.who.int/nutrition/publications/nutrientrequirements/sfa_systematic_review/en/.
Published 2016. Accessed April 30, 2020.

Grundy SM, Stone NJ. Elevated apolipoprotein B as a risk-enhancing factor in 2018 cholesterol
guidelines. J Clin Lipidol. 2019;13(3):356-359. doi:10.1016/j.jacl.2019.05.009.

Sniderman AD, Thanassoulis G, Glavinovic T, et al. Apolipoprotein B Particles and
Cardiovascular Disease: A Narrative Review. JAMA Cardiol. 2019;4(12):1287-1295.
doi:10.1001/jamacardio.2019.3780.

Boren J, Chapman MJ, Krauss RM, et al. Low-density lipoproteins cause atherosclerotic
cardiovascular disease: pathophysiological, genetic, and therapeutic insights: a consensus
statement from the European Atherosclerosis Society Consensus Panel. Eur Heart J.
2020:ehz962. doi:10.1093/eurheartj/ehz962.

Willett W. Nutritional epidemiology. 3rd ed. New York: Oxford University Press; 2013.
Chowdhury R, Warnakula S, Kunutsor S, et al. Association of dietary, circulating, and supplement
fatty acids with coronary risk: a systematic review and meta-analysis. Ann Intern Med.
2014;160(6):398-406. doi:10.7326/m13-1788.

Siri-Tarino PW, Sun Q, Hu FB, Krauss RM. Meta-analysis of prospective cohort studies
evaluating the association of saturated fat with cardiovascular disease. Am J Clin Nutr.
2010;91(3):535-546. doi:10.3945/ajcn.2009.27725.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 51


https://www.who.int/nutrition/publications/nutrientrequirements/sfa_systematic_review/en/

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

Part D. Chapter 9: Dietary Fats and Seafood

Al-Ghannami SS, Sedlak E, Hussein IS, et al. DHA-enriched re-esterified triacylglycerol fish oil
supplementation and oily fish consumption enhance red blood n-3 fatty acid index in Omani pre-
adolescent schoolchildren. Prostaglandins Leukot Essent Fatty Acids. 2018;135:74-82.
doi:10.1016/j.plefa.2018.07.005.

Damsgaard CT, Ritz C, Dalskov SM, et al. Associations between school meal-induced dietary
changes and metabolic syndrome markers in 8-11-year-old Danish children. Eur J Nutr.
2016;55(5):1973-1984. doi:10.1007/s00394-015-1013-z.

Garcia-Cervera E, Figueroa-Valverde L, Gomez EP, et al. Effect of omega-3 fatty acids on
triglycerides and BMI levels in obese children. Curr Pediatr Res. 2015;19(1-2):1-8.

Aberg MA, Aberg N, Brisman J, Sundberg R, Winkvist A, Toren K. Fish intake of Swedish male
adolescents is a predictor of cognitive performance. Acta Paediatr. 2009;98(3):555-560.
doi:10.1111/j.1651-2227.2008.01103.x.

Demmelmair H, dyen J, Pickert T, et al. The effect of Atlantic salmon consumption on the
cognitive performance of preschool children - a randomized controlled trial. Clin Nutr.
2019;38(6):2558-2568. doi:10.1016/j.cInu.2018.11.031.

Handeland K, Oyen J, Skotheim S, et al. Fatty fish intake and attention performance in 14-15
year old adolescents: FINS-TEENS - a randomized controlled trial. Nutr J. 2017;16(1):64.
doi:10.1186/s12937-017-0287-9.

Hysing M, Kvestad I, Kjellevold M, et al. Fatty fish intake and the effect on mental health and
sleep in preschool children in FINS-KIDS, a randomized controlled trial. Nutrients. 2018;10(10).
doi:10.3390/nu10101478.

Kim JL, Winkvist A, Aberg MA, et al. Fish consumption and school grades in Swedish
adolescents: a study of the large general population. Acta Paediatr. 2010;99(1):72-77.
doi:10.1111/j.1651-2227.2009.01545 x.

Kvestad |, Vabo S, Kjellevold M, et al. Fatty fish, hair mercury and cognitive function in Norwegian
preschool children: results from the randomized controlled trial FINS-KIDS. Environ Int.
2018;121(Pt 2):1098-1105. doi:10.1016/j.envint.2018.10.022.

Liu J, Cui Y, Li L, et al. The mediating role of sleep in the fish consumption - cognitive functioning
relationship: a cohort study. Sci Rep. 2017;7(1):17961. doi:10.1038/s41598-017-17520-w.
McMartin SE, Kuhle S, Colman I, Kirk SF, Veugelers PJ. Diet quality and mental health in
subsequent years among Canadian youth. Public Health Nutr. 2012;15(12):2253-2258.
doi:10.1017/s1368980012000535.

Mesirow MS, Cecil C, Maughan B, Barker ED. Associations between prenatal and early childhood
fish and processed food intake, conduct problems, and co-occurring difficulties. J Abnorm Child
Psychol. 2017;45(5):1039-1049. doi:10.1007/s10802-016-0224-y.

Oyen J, Kvestad |, Midtbo LK, et al. Fatty fish intake and cognitive function: FINS-KIDS, a
randomized controlled trial in preschool children. BMC Med. 2018;16(1):41. doi:10.1186/s12916-
018-1020-z.

Skotheim S, Handeland K, Kjellevold M, et al. The effect of school meals with fatty fish on
adolescents' self-reported symptoms for mental health: FINS-TEENS - a randomized controlled
intervention trial. Food Nutr Res. 2017;61(1):1383818. doi:10.1080/16546628.2017.1383818.
Williams C, Birch EE, Emmett PM, Northstone K. Stereoacuity at age 3.5 y in children born full-
term is associated with prenatal and postnatal dietary factors: a report from a population-based
cohort study. Am J Clin Nutr. 2001;73(2):316-322. doi:10.1093/ajcn/73.2.316.

Winpenny EM, van Harmelen AL, White M, van Sluijs EM, Goodyer IM. Diet quality and
depressive symptoms in adolescence: no cross-sectional or prospective associations following
adjustment for covariates. Public Health Nutr. 2018;21(13):2376-2384.
doi:10.1017/s1368980018001179.

United States Environmental Protection Agency. EPA-FDA Advice about Eating Fish and
Shellfish. https://www.epa.gov/fish-tech/epa-fda-advice-about-eating-fish-and-shellfish. Accessed
April 30, 2020.

Cusack LK, Smit E, Kile ML, Harding AK. Regional and temporal trends in blood mercury
concentrations and fish consumption in women of child bearing Age in the united states using
NHANES data from 1999-2010. Environ Health. 2017;16(1):10. doi:10.1186/s12940-017-0218-4.
Orlich MJ, Singh PN, Sabaté J, et al. Vegetarian dietary patterns and mortality in Adventist Health
Study 2. JAMA Intern Med. 2013;173(13):1230-1238. doi:10.1001/jamainternmed.2013.6473.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 52


https://www.epa.gov/fish-tech/epa-fda-advice-about-eating-fish-and-shellfish

Part D. Chapter 9: Dietary Fats and Seafood

271.  US Food and Drug Administration. Questions & Answers from the FDA/EPA Advice about Eating
Fish for Women Who Are or Might Become Pregnant, Breastfeeding Mothers, and Young
Children. https://www.fda.gov/food/consumers/questions-answers-fdaepa-advice-about-eating-
fish-women-who-are-or-might-become-pregnant#ll. Updated July 2, 2019. Accessed June 23,

2020.

Scientific Report of the 2020 Dietary Guidelines Advisory Committee 53


https://www.fda.gov/food/consumers/questions-answers-fdaepa-advice-about-eating-fish-women-who-are-or-might-become-pregnant#II
https://www.fda.gov/food/consumers/questions-answers-fdaepa-advice-about-eating-fish-women-who-are-or-might-become-pregnant#II

	introduction
	Current Intakes of Dietary Fat
	Current Intakes of Seafood

	List of Questions
	Dietary Fats
	Seafood

	Methodology
	Dietary Fats
	Seafood

	Review of the Science
	Dietary Fats
	Question 1. What is the relationship between types of dietary fat consumed and risk of cardiovascular disease?
	Approach to Answering Question: NESR systematic review
	Conclusion Statements and Grades
	Cardiovascular Disease Intermediate Outcomes: Children
	Cardiovascular Disease Endpoint Outcomes: Children
	Cardiovascular Disease Intermediate Outcomes: Adults
	Cardiovascular Disease Endpoint Outcomes: Adults

	Summary of the Evidence
	Children
	Adults
	Adults: CVD Intermediate Outcomes
	Adults: CVD Endpoint Outcomes
	For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-subcommittee/dietary-fat-cardiovascular-disease
	Discussion: Dietary Fats





	Background
	Studies in Children
	Studies in Adults
	Intermediate Outcomes
	CVD Endpoint Outcomes
	Dietary Cholesterol
	Conclusions

	Seafood
	Question 2. What is the relationship between seafood consumption during childhood and adolescence (up to 18 years of age) and risk of cardiovascular disease?
	Approach to Answering Question: NESR systematic review
	Conclusion Statement and Grade
	Summary of the Evidence
	For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-subcommittee/seafood-childhood-adolescence-cardiovascular-disease


	Question 3. What is the relationship between seafood consumption during childhood and adolescence (up to 18 years of age) and neurocognitive development?
	Approach to Answering Question: NESR systematic review
	Conclusion Statements and Grades
	Developmental Domains
	Attention Deficit Disorder or Attention Deficit/Hyperactivity Disorder
	Autism Spectrum Disorder
	Academic Performance
	Anxiety and Depression

	Summary of the Evidence
	For additional details on this body of evidence, visit: nesr.usda.gov/2020-dietary-guidelines-advisory-committee-systematic-reviews/dietary-fats-and-seafood-subcommittee/seafood-childhood-adolescence-neurocognitive-development
	Discussion: Seafood




	summary
	References

