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Introduction

Dietary fats, or lipidayea macronutrient class that includes fatty acids, triglycerides, and
cholesterolFatssupply fuel energy (9 kcal/g) and the essential fatty acids, linoleic and alpha
linolenic acids. Fats, therefore, are a key factor in the maintenance of caloric balance and body
weight. Specific fatty acids also serve as precursors for numerous biological pathways that influence
inflammation, coagulation, and gene expression amonfyottiens. Fat soluble vitamins
(vitamins A, D, E, K) and carotenoids are absorbed and transported with fats.

Fatty acids are bound to glyceraftigk/ceridefor trangport and storage in the human hody
Fatty acids are heterogeneous and classsedidratheir chain length, the number of double
bonds, the position of the first double bond from the methyl end cemadraugransonfiguration
across a double bond. These heterogeneities are important determinants of the significant variation
in biological effects of the different fatty acids. Fatty acid quantity and quality also vary by their
source, with important differences between meat, fish, and plant sources, as well as natural versus
synthetic sources. This heterogeneity allows for foashmatien choices to modulate the quantity
and quality of fats that, in turn, influence metabolic and health outcomes.

Cholesterol, a sterol, is an important structural component of cell walls of tissues of the human
body. Cholesterol is also a precursaa fuumber of steroid hormones synthesized by the adrenal
glands, ovaries, and testes. Bile acids, required for solubilization and absorption of dietary fats, are
synthesized from cholesterol in the liver, stored in the gallbladder and secreted ifito the sma
intestine after a f@bntaining meal. Endogenous hepatic synthesis of cholesterol is adequate to
produce all the cholesterol needed for these vital functions. Exogenous, or dietary, cholesterol
downregulates cholesterol synthesis in the liver toamathiblesterol balance. Pharmacologic
agents inhibit the ralieniting step of cholesterol synthesis, catalyzed by the enzyr@dMIG
reductase, as a means of reducing endogenous cholesterol synthesis; this also increases receptor
mediated uptake of ledensity lipoprotein (LDL) cholesterol by the liver.

A critical health issue related to dietary fat cpuiddéy of fat in the American di€he
consumption of certain fats, such as saturated fatty acids (StFa&)Satty acids, is associated
with apoor lipid/lipoprotein profile and increased risk of cardiovascular disease(@2)
other hand, the unsaturated fats, monounsaturated fatty acids (MUFA) and polyunsaturated fatty

1Trans fatty acids as used in this Report refers to industrial trans fatty acids and is a term consistent with that defined by
the US Food and Drug Administration for use in food labeling as unsdataterids that contain one or more

isolated (i.e., nonconjugated) double bonds in a trans configuration produced by chemical hydrogenation (Federal
Register notice. Food Labeling; Trans Fatty Acids in Nutrition LabBel@diule and Proposed Rulel. 88, No. 133,

p. 4143311506, July 11, 2003). Natural (or ruminant) trans fatty acids will be designated as rTFA.
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acids (PUFA) have significant metabolic benefits and argoha@aldling. Currently, several lines

of evidence indicate that the type of fat is more important in decreasing metabolic and CVD risk
than the total amount of fat in the diMétabolic studies have established that it is the type of fat,
rather than total fattiake that affects common intermediate risk factors, such as serum lipid and
lipoprotein levels (Hu, 200Results from controlled clinical trials and epidemiological studies have
shown that replacing SFA with unsaturated fats is more effective inngeChéRgiisk than is

reducing total fat intake overall (Smit, 2@@8)itionally, prospective cohort studies and secondary
prevention trials provide methodologically strong evidence that consump8dattf acids from
seafood and plant sources hagrafieant cardiprotective effect and decreases cardiovascular
mortality (Mozaffariaz008; Mozaffarian and Rimm, 20B6rthermore, dietary fat and

intermediate risk factors do not affect CVD risk in a uniform way. Numerous factors influence
CVD risk including fatty acide-8 fatty acids, specific SFA, MUFA and PUFA{randatty

acids); carbohydrate quantity, type and quality; intakes of legumes, nuts, fruits, and vegetables; as
well as micronutrientSsor example, isocaloric substitution ofadyetat with carbohydrate can lead

to increased serum triglycerides and decreased serum HDL cholesterol (Smit, 2008; Nordman
2006) Additionally, the effects of dietary fat, as well as the other macronutrients, and intermediate
risk factors, are diveraed highly dependent on other factors such as physical activity and life style
habits, and, importantly, individual genetic predisposition that is based on underlying genetic
polymorphisms.

The issue of excess dietary cholesterol is also of publicdweedtm Traditionally, because
dietary cholesterol has been shown to raise LDL cholesterol and high intakes induce atherosclerosis
in observational studies, the prevailing recommendation has been to restrict dietary cholesterol
intake, including otherwisealthy foods such as egidge potential negative effects of dietary
cholesterol are relatively small compared to those of SFArafadty acids (Clarke, 1997; Howell,
1997). A further important consideration is significant variation in the popalatvidual
responses to cholesterol intake; differences in susceptibility are likely basedavaciesized
genetic polymorphisms in several genes encoding enzymes, apolipoproteins, receptors, and
transporters involved in lipid metabolism andgel he underlying genetic polymorphisms are
mani fested as i ndiesipdumalles swehsaproahr deelrdshow preerf er r i n
who respond to cholesterol intake with elevated serum LDL cholesterol and those who, at the same
level of cholestetintake, do not exhibit increased serum LDL cholesterol, respectively.

This section of the 2010 DGAC report continues with brief explanations on the types of fats
and cholesterol and food sources of these nutrients, a discussion of trends in fastardichol
intakes in the American diet, and contextual information on recommended intakes and health
outcomes. The chapter then provides NEL systematic evidesecereviews of 11 questions on a
variety of issues related to fats, cholesterol, and health.
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Background on Fats and Cholesterol

Types and Food Sources of Fatty Acids and Cholestero/

Fatty acids and cholesterol are a diverse group of compounds that are found across a wide
variety of foods consumed by Americans. The following sections provideahdtfibionation on
the specific fatty acids and common food sources in the diet.

Saturated Fatty Acids (SFA)

Saturated fatty acids are linear carbon chain molecules with each carbon fully saturated with
hydrogen atoms and, therefore, containing no dooitks. Like all fatty acids, SFA have a methyl
end and a carboxyl end with varying even number of carbons in between. Due to this configuration,
their melting point is high and they are solid at room temperature. The major types of SFA in the
American dieare lauric (C12), myristic (C14), palmitic (C16) and stearic (C18) acids. Palmitic and
stearic acids are major constituents of animal fats, but plant sources, such as coconut, palm, cocoa,
and shea nut oils, are also sources of SFA. Cholessengl SAs, considered SFA minus stearic
acid (discussed below), dawgulate the low density lipoprotein (LDL) receptor by increasing
intracellular cholesterol pools and decreasing LDL cholesterol uptake byThe liveds that
contribute the most saturafiatito the diets of Americans are listeBaible CB.1

TableD3.1. Foodsources of saturated faby percent contribution to intake based on National Health
and Nutrition Examination Survey, 2068006

Contribution to Cumulative
intake contribution

Food Item % %

Regular cheese 8.5 8.5
Pizza 5.9 14.4
Grainbased desserts 5.8 20.2
Dairy desserts 5.6 25.8
Chicken and chicken mixed dishes 55 31.2
Sausage, franks, bacon, and ribs 4.9 36.2
Burgers 4.4 40.5
Mexican mixed dishes 4.1 44.6
Beef andbeef mixed dishes 4.1 48.7
Reduced fat milk 3.9 52.6
Pasta and pasta dishes 3.7 56.3
Whole milk 3.4 59.7
Eggs and egg mixed dishes 3.2 62.9
Candy 3.1 66.0
Butter 2.9 68.9
Potato/corn/other chips 2.4 71.3
Nuts/seeds and nut/seed mixed dishes 2.1 73.4
Fried white potatoes 2.0 75.4

Source: Sources of Saturated Fat Among the US Population2R065Risk Factor Monitoring and Methods Branch Website.
Applied Research Program. National Cancer Instihitg://riskfactor.cancer.gov/diet/foodsourcetlpdated November 9, 2009.
Accessed April 16, 2010
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Monounsaturated Fatty Acids

MUFA have one site of unsaturation between neighboring carbon atoms, constituting a single
double bond; thishemical property lowers their melting point so that MUFA are liquid at room
temperature. MUFA are beneficial in that they increase esterification of cholesterol in the liver,
thereby reducing the free cholesterol pool and increasing recapsded ujpike of LDL
cholesterol, resulting in a decrease in blood cholesterol levels. Oleic acid (18:1), a MUFA common in
the diet, is a major constituent of certain vegetable oils (e.g., olive, canola) but is present in many
other foods such as nuts, meat andtgotihe foods that contribute the most oleic acid to the
diets of Americans are listed in Table D3.2

TableD3.2 Foodsources of oleic acitly percent contribution to intake based on National Health and
Nutrition Examination Survey, 2008006

Contribution to Cumulative
intake contribution
Food Item % %
Grainbased desserts 8.9 8.9
Chicken and chicken mixed dishes 7.6 16.6
Sausage, franks, bacon, and ribs 5.9 225
Nuts/seeds and nut/seed mixed dishes 5.5 27.9
Pizza 5.4 33.3
Fried white potatoes 4.9 38.2
Mexican mixed dishes 4.6 42.8
Burgers 4.1 46.9
Beef and beef mixed dishes 3.9 50.8
Eggs and egg mixed dishes 35 54.3
Regular cheese 3.3 57.5
Potato/corn/other chips 3.2 60.7
Pasta and pasta dishes 3.1 63.8
Salad dressing 2.6 66.4
Daily desserts 23 68.7
Yeast breads 2.2 70.9

Source: Sources of Oleic Acid Among the US Population;20085Risk Factor Monitoring and Methods Branch Website.
Applied Research Program. National Cancer Instihutp://riskfactor.cancer.gov/diet/foodsourced)pdated November 9,
2009. Accessed April 16, 2010

Polyunsaturated Fatty Acids

PUFA, which have two or more sites of unsaturation (double bonds), are a heterogeneous class
of fatty acid with chain length and position of the first double bond affecting important metabolic
outcomes. The double bonds contribute to the lower melting point, making PUFA liquid at room
temperature. Certain PUFA cannot be synthesized by the human bodyeguiraden small
amounts as substrates for biological pathways that generate metabolic products required for
structural and functional purposes. These PUFA are referred to as essential fatty acids and must be
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attained from the diet. Both linoleic acid)({((318:2), an-6 PUFA, and alpHaolenic acid (ALA)
(C18:3), an-B8 PUFA, are essential fatty acids in the diet.

The first double bond in® (omeg#®) PUFA is at the sixth carbon from the methyl end.
These PUFA are largélgrived from vegetable alsch as corn, sunflower, safflower, and soybean
oils, but are present in other foods as Wa#.foods that contribute the mogi PUFAto the
diets of Americans are listedable 8.3

TableD3.3. Foodsources of totaln-6 fatty acids (18:2 + 20:4)y percent contribution to intake based
on National Health and Nutrition Examination Survey, 202606

Contribution to Cumulative
intake contribution
Food Item % %
Chicken and chicken mixed dishes 9.5 9.5
Grainbased desserts 7.4 16.9
Salad dressing 7.3 24.3
Potato/corn/other chips 6.9 31.2
Nuts/seeds and nut/seed mixed dishes 6.4 37.6
Pizza 5.3 42.9
Yeast breads 4.5 47.4
Pasta and pasta dishes 3.5 54.4
Fried white potatoes 35 50.9
Mexican mixed dishes 3.3 57.7
Mayonnaise 3.1 60.8
Quickbreads 3.0 63.8
Eggs and egg mixed dishes 29 66.7
Popcorn 2.6 69.2
Sausage, franks, bacon, and ribs 2.1 71.4

Source: Sources of6 PUFA Among the US Population, 22086. Risk Factor Monitoring and Methods Branch Website.
Applied Research &gram. National Cancer Institutiettp://riskfactor.cancer.gov/diet/foodsourced)Jpdated November 9,
2009. Accessed April 16, 2010

The first double bond i3 (omegaB) PUFA is at the thirdacbon from the methyl endat3
PUFA are often subcategorized based on their plant or marine sources. ALA is an essential fatty acid
from plant sources, suchsmy/bean oil, canola oil, flaxseed, and waligt$oods that contribute
the most ALA to the dis of Americans are listed'able (8.4 ALA is poorly converted to long
chainn-3 PUFA, primarily docosahexaenoic acid (DHA), so increased intake of ALA does not
substantially improve levels of DHA. Tdvagchainn-3 PUFA, eicosapentaenacid (EPA) ad
DHA, which are frequentl y c aghyjtoplantowamibareifonrel oi | s
in seafood. Fish species vary considerably in their EPA and DHA content (IOM Seafood Choices,
2006). The cold water, oily fish (e.g., salmon, trout)leaviglest levels and EPA and DHA. As
described below, these latginn-3 PUFA have distinct properties, with evidence that EPA and
DHA decrease adult CVD risk, and DHA provides benefits for infant neurodevelopment (see
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Questions 7 and 9). The foods ttattribute the most EPA and DHA to the diets of Americans
are listed iTable [8.5.

TableD34. Foodsources of alphdinolenic Acid (ALA)by percent contribution to intake based on
National Health and Nutrition Examination Survey, 202806

Catribution to Cumulative
intake contribution

Food Item % %

Salad dressing 105 10.5
Grainbased desserts 6.1 16.6
Pizza 5.8 22.4
Chicken and chicken mixed dishes 5.4 27,8
Yeast breads 5.0 33.9
Mayonnaise 4.0 37.9
Pasta and pasta dishes 3.5 41.4
Quickbread 3.4 449
Fried white potatoes 2.8 47.7
Nuts/seeds and nut/seed mixed dishes 2.7 50.4
Mexican mixed dishes 2.7 53.1
Regular cheese 2.6 55.7
Margarine 2.6 58.3
Burgers 2.6 60.8
Eggs and egg mixed dishes 2.2 63.0
Whole Milk 2.2 65.2
Dairy desséds 2.2 67.4
Other fish and fish mixed dishes 2.0 69.4

Source: Sources of ALA the US Population,-2006. Risk Factor Monitoring and Methods Branch Website. Applied Research
Program. National Cancer Institutetp://riskfactor.cancer.gov/diet/foodsourcesUpdated November 9, 2009. Accessed April
16, 2010

TableD35. Foodsources of EPA and DHi#y percent contribution to intake based on National Health
and Nutrition Examination Survey, 252006

Contribution to Cumulative
intake contribution
Food Item % %
Other fish and fish mixed dishes 53.1 53.1
Chicken and chicken mixed dishes 13.8 66.9
Shrimp and shrimp mixed dishes 12.9 79.8
Eggs and egg mixed dishes 5.8 85.6
Tuna and tuna mixedishes 5.3 91.0

Source: Sources of EPA and DHA Among the US Populatior2@@0Risk Factor Monitoring and Methods Branch Website.
Applied Research Program. National Cancer Instihitp://riskfactor.cancer.gov/diet/foodsourcesUpdated November 9,
2009. Accessed April 16, 2010
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Trans Fatty Acids

Trangdatty acids are unsaturated fatty acids that contain a double bond thatremis the
configuration, produced by a process referras ydrogenation. Hydrogenation has been used by
food manufacturers to raise the melting point of PUFA to make products that are solid at room
temperature and more resistant to spoilage or becoming rancid. Partial hydrogenation adds hydrogen
to PUFA doul# bonds, thereby increasing the degree of saturation. However, this does not result in
100 percent saturation and one or more of the remaining double bonds are isomerizetbfrom a
trangonfigurationTrangats produced this way are referred tordledyc or industrigtangatty
acids (iTFA) and are used in margarines, snack foods, and prepared desserts. ERidi8: arid (t9
is the predominamtangatty acid found in processed farangatty acids also are produced in
smaller amounts inglrumen of grazing animals and are termed natural or runaingaitty acids
(rTFA). Industrial and ruminaimandgatty acids vary in the location of tteslouble bonds, and
whether they differ in metabolic effects and health outcomes is afdatbaite (see Question 6).
The presence of ITFA makes it difficultci@llyeliminatérangatty acids from the diet without
eliminating dairy products and red meats.

Dietary Cholesteroland Plant Sterols/Stanols

Cholesterol is a sterol, i.e., a ddvased alcohol with a hydrocarbon-siten. Cholesterol
has both hydrophilic properties, due to its hydroxyl end, and hydrophobic properties, due to its
hydrocarbon sidehain. Therefore, it is commonly found in the lipid bilayer of cell membranes. The
major sources of cholesterol in the American diet are egg yolks, dairy products, &hd meats.
foods that contribute the madtolesteralo the diets of Americans are liste@iable [B.6 Dietary
cholesterol, found in cell walls of animal tissuesddbmdifferentiated from plant sterols and
stanols that are naturally occurring substances found in plants. These compounds compete with
dietary and biliary cholesterol for sites on micellésaagubrt proteins, resulting in reduced
cholesterol absorpti. Plant sterols and stanols are absorbed across the epithelial barrier of the
intestine but are pumped back into the lumen byb#idihg cassetteangorters. Although plant
sterols/stanols are available as dietary supplements (not discussed ti&edy, pkey a role in the
cholesterelowering effect of plasitased diets.
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Table D3.6Food sources of cholesterol by percent contribution to intake based on National Health
and Nutrition Examination Survey, 2068006

Contribution to Cumulative
intake contribution
Food Item % %
Eggs and egg mixed dishes 24.6 24.6
Chicken and chicken mixed dishes 12.5 37.1
Beef and beef mixed dishes 6.4 43.6
Burgers 4.6 48.2
Regular cheese 4.2 52.4
Sausage, franks, bacon, and ribs 3.9 56.3
Other fish and fis mixed dishes 3.4 59.7
Grainbased desserts 3.3 63.0
Dairy desserts 3.2 66.3
Pasta and pasta dishes 3.1 69.3
Mexican mixed dishes 2.9 75.1
Pizza 2.9 72.2
Cold cuts 2.7 77.8
Reduced fat milk 25 80.3
Pork and pork mixed dishes 2.3 82.6
Shrinp and shrimp mixed dishes 2.0 84.6

Source: Sources of Cholesterol Among the US Populations20085 Risk Factor Monitoring and Methods Branch Website.
Applied Research Program. National Cancer Instihttp://riskfactor.cancer.gov/diet/foodsources)pdated November 9,
2009. Accessed April 16, 2010

Trends in Fat and Cholesterol Intakes in the American Diet in Relation to Previous US
Dietary Guidelines Recommendations

The relationship bheeen dietary saturated tedngat and cholesterol and deleterious health
outcomes at the population level has long been recognized, with recommendations for modification
of total fat, SFA, and cholesterol dating back to the 1980 GuideliniedB.7). The
recommendation for keeping trans fats as low as possible appeared in the 2005 DGA. As evidence
accumulated, the restriction of SFA to less than 10 percent of energy first appeared in the 1990
Guidelines and the restriction of dietary cholestdesiddhan 300 mg per day appeared in the
1995 Guidelines. Recommendations related to total fat generally restricted consumption to less than
30 percent of energy. However, in the 2002 IOM report on macronutrient requirements there was
the adoption of an ABIR of fat intake of 2@5 percent of calories because there were no clear
differences in health outcomes in populations consuming dietary fat within this range. Thus, the
2005 US Dietary Guidelines adopted this range of percent energy from total fat.
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Talde D3.7. Quantitative advice related to dietary fatDietary Guidelines for Americang 9802005

1980 1985 1990 1995 2000 2005
Total fat Avoidtoo Avoidtoo

much much <30% <30% <30% | 20-35%
Saturated fat | Avoidtoo Avoidtoo

much much <10% <10% <10% <10%
Cholesterol Avoidtoo Avoidtoo

much much Low <300mg | <300 mg| <300 mg

Note: '30-35% for ages-3 years; 285% for ages-48 years
Source: DGA 1982005

Despite the consistency of advice, a comparison of the recommendations to lends in t
American diet over the same period of time shows no reduction in the intake of total fat, SFA, or
cholesterol. Tables D.3.8 and D.3.9 show USDA estimates from large samples of the US population
on consumption of fats and cholesterol, beginning withetirenwide Food Consumption Survey
in 197778 through the most recent National Health and Nutrition Examination Surveys
(NHANES) in 20052006.

Sampling methods, data collection methods, dietary survey instruments, and food composition
databases can vamym one survey to the next (Guenther, 1994). Especially problematic is detecting
changes in macronutrient distributions, that is, the percentages of calories that come from
carbohydrate, fat, protein, and alcohol. Nonetheless, trends in the estimatesorarabve
about US dietary intakes over tilrahle [B.8 shows a modest increase in total fat intake reported
from the early 1990s, yet there was a decrease in the percent of energy from fat over the three
decades covered in the table. Over this sam@eriod there was an increase in total energy intake,
driven mostly by an increase in total carbohydrate intake. Given the onset of a national epidemic of
obesity over this time period, it is unlikely that total fat alone was an important conadsotory f

Dietary cholesterol intake has been stable over time, reaching and exceeding the Guideline
target of less than 300 mg/day for men. It should be noted that cholesterol intake of men and
women varied greatly, with average male consumption ofecbbéeateeding recommended levels
and virtually unchanged at 350 mg/day since 2000, in contrast to levels of 240 mg/day for women
over this period.

Table 8.9 shows the percent of calories from fat as unchanged since 1990, with mean SFA
at 11to 12 percenenergy (above recommended 10%) and unchanged for the past 15 years.
Similarly, levels of MUFA (12%) and PUFA (7%) have been stable over this-ipezif8edata
show no major differences in SFA, MUFA, and PUFA intake between men and womenegdor detalil
tables, seettp://www.ars.usda.gov/ba/bhnrc/fsig
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TableD3.8 Intake offats (grams/day) andholesterol (mg/day), USDAational surveys of all pesons
in US,1977-2006

NFCS CSFlI CSFlI NHANES NHANES NHANES
197778 198991 199496 2001-02 200304 200506

Dietary (n=~30,000) | (n=15,128) (n=15,968 (n= 9,033} (n=8,2735 (n= 8,549]
component Mean (SIE") Mean Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Total fat (g) 84.6 (0.83) 71.8 74.4 (0.7) 81.0(0.54) | 82.7(0.71) 81.9 (1.35)
SFA (g) NAY 25.7 25.6 (0.3) 26.7 (0.25) | 27.7(0.24) | 27.8(0.49)
PUFA (g) NA 13.8 14.6 (0.2) 16.1 (0.13) 17.2 (0.25) 17.0 (0.31)
MUFA g) NA 26.7 28.6 (0.3) 30.1 (0.22) 31.0 (029) 30.1 (0.48)
Cholesterol (mg) NA 270 256 (3) 273 (2.7) 273 (4.6) 278 (3.3)

Sources: Published USDA, ARS reports What We Eat In AfNatiomal Health and Nutrition Examination Surveys (NHANES),
Contlnumg Surveys of Food Intakes by Individuals I[C&fd Nationwide Food Consumption Survey (NFCS), 1 day data.
Includes all persons from birth.

Includes all persons from birth; excludes brefest children.

Includes persons 2 yrs and over; excludes bréasstchildren.

SE Standard error.

Uanbllshed data from Food Surveys Research Group, ARS, USDA.

®NA = Not available.
This table is available dittp://www.ars.usda.gov/ba/bhnrc/fsrg

Tale D3.9 Intake offats as percent of energyUSDAnational survey of all persons US 19772006

NFCS CSFII CSFII NHANES NHANES NHANES
197778 198991 199496 2001-02 200304 200506
Dietary (n=~30,000) | (n=15,128) (n=15,968 (n=9,033} (n=8,273% (n= 8,549
component Mean (SE) Mean Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Total Fat (%) 40.1 (0.16) 34.4 32.8 (0.1) 33(0.3) 33.4(0.25) | 33.6(0.19)
SFA (%) NA 12.3 11.3 (0.1) NA® 11.2(0.11) | 11.4(0.09)
PUFA (%) NA 6.6 6.4 (0.01) NA 7.0 (0.09) 7.0 (Q08)
MUFA (%) NA 12.7 12.5 (0.1) NA 12.5(0.09) | 12.3(0.07)
Energy (kcal) 1854 (12.9) 1839 2002 (16) 2178 (16.1) | 2195 (15.6) | 2157 (29.0)

Sources: Published USDA, ARS reports What We Eat In AfNattioaal Health and Nutrition Examination Surveys (NFHBNE
Contlnumg Surveys of Food Intakes by Individuals (CSFII), and Nationwide Food Consumption Survey (NFCS), 1 day data.
Includes all persons from birth.

Includes all persons from birth; excludes brefest children.

Includes persons 2 yrs and overcludes breasted children.

SE Standard error.

Unpubllshed data from Food Surveys Research Group, ARS, USDA.

®NA = Not available.
This table is available dittp://www.ars.usda.gov/ba/bhnrc/fsrg

Recommended Intakes and Health Outcomes Related to Dietary Fat and Cholestero/

In the 2002 repoiDietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Chao
Proteinnd Amino Acid®©M, 2002) the Institute of Medicine (IOM) did not establish either an
Adequate Intake (Al) or Recommended Dietary Allowance (RDA) for total fat intake. Rather, an
Acceptable Macronutrient Distribution Range (AMDR) e88(percent of emgy was established
for total fat consumption for adults. Furthermore, the IOM did not set a tolerable Upper Intake
Level (UL) for total fat because available evidence was insufficient to define a level at which adverse
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outcomes, such as obesity, occawévVer, for SFA, although there is also no UL, the rationale was
that there is no incremental level of SFA intake that does not incrementally increase CVD risk.

For dietary cholesterol, because cholesterol can be synthesized endogenously in sufficient
amaunts for metabolic and structural needs, there is no evidence for a dietary requirement for
cholesterol; therefore, there is no Al, RDA, or AMDR for cholesterol. Similar to SFA, there is no
UL set for dietary cholesterol. It should be noted, howevdrpth&8FA and cholesterol are
unavoidable in omnivorous diets, and attempts to reduce intake completely would require significant
changes to dietary patterns and introduce undesirable effects, such as inadequate intakes of
micronutrients and protein.

Giventhe stateof-the-art of our current knowledge regarding dietary fat and health, the DGAC
2010 has addressed the following questions for application to US public health:

List of Questions

THE INFLUENCE OF DIETARY FATS ON CARDIOVASCULAR DISEASE (CVD) AND
OTHER HEALTH OUTCOMES

1. What is the effect of saturated fat intake on increased risk of cardiovascular disease or type 2
diabetes, including effects on intermediate markers such as serum lipid and lipoprotein levels?

2. What is the effect of dietary cholestetake on risk of cardiovascular disease, including effects
on intermediate markers such as serum lipid and lipoprotein levels and inflammation?

3. What is the effect of dietary intake of MUFA when substituted for SFA on increased risk of
cardiovascular diase and type 2 diabetes, including intermediate markers such as lipid and
lipoprotein levels and inflammation? And what is the effect of replacing a high carbohydrate
diet with a high MUFA diet in persons with type 2 diabetes?

4. What is the effect of day intake oft6 PUFA on risks of cardiovascular disease and type 2
diabetes, including intermediate markers such as lipid and lipoprotein levels and inflammation?

SPECIFIC FATTY ACIDS THAT AFFECT PLASMA LDL, HDL, AND NON -HDL

CHOLESTEROL LEVELS

5. What arehe effects of dietary stearic acid on LDL cholesterol?

6. What effect does consuming natural (ruminant) versus synthetic (industrially hydtogesated)
fatty acids have on LBLHDL- and non HDL cholesterol levels?

RELATIONSHIPS BETWEEN CONSUMPTION OF A-3 FATTY ACIDS AND HEALTH
OUTCOMES

7. What is the relationship between consumption of seaftatty acids and risk of CVD?
8. What is the relationship between consumption ofplafdtty acids and risk of CvD?
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9. What are the effects of maternal dietary ifak8 fatty acids from seafood on breast milk
composition and health outcomes in infants?

CARDIOVASCULAR HEALTH EFFECTS RELATED TO CONSUMPTION OF
SPECIFIC FOODS HIGH IN FATTY ACIDS

10.What are the health effects related to consumption of nuts?
11.What are thiealth effects related to consumption of chocolate?

Methodology

The DGAC 2010 first reviewed the 2005 DGAC Report to inform their review ffevessl
lines of evidence indicate that the type of fat is more important in decreasing metabolic and CVD
risk than the total amount of fiatthe diet; therefore, the committee focused their review on the
metabolic effect of specific types of fats and fatty acids. (Questions related to the effect of
macronutrient distribution in the diet are founart D. Se@n 1: Energy Balan@nd Weight
Managemen} Topics in this section on fatty acids and cholesterol that were considered by the
2005 DGAC include: saturated fat (SFA) (Question 1), cholesterol (Question 2), monounsaturated
fatty acids (MUFA) (Question 8% polyunsaturated fatty acids (PUFA) (Question 4), stearic acid
(Question 5)xrandatty acids (Question &3 fatty acids from seafood (Question 7) and plants
(Question 8). New questions considered by the 2010 DGAC examined maternahi8ttitty of
acids from seafood and the effect on breast milk composition and infant health (Question 9) and
healtheffects related to consumption of nuts (Question 10) and chocolate (Question 11).

Full NEL evidencébased reviews were conducted aesfiond-6, 9 and 11 whereas, a
combination of NELand mer i can Di et (ADRA) EvideAce Aralgsis hilbirdaryo n 6 s
reviews were conducted foué3tions 7, 8 and 10 (described bekow@scription of the NEL
evidencdased systematic review process is proviéadti: MethodologyAdditional
information about the search strategy and articles considered and included for each question can be
found atwww.nutritionevidencelibrary.cofo address several issabout the feasibility and
desirability of potential 2010 DGAC recommendations related to cholesterol (Question 2), stearic
acid and cholestena@ising (CR) fatty acids (Question 5) and seafood (Question 7), the committee
conducted several modeling eisexs using the USDA food intake patterns. Summariesef th
analyses are presented hacdka description of the approach used is describatt @:

MethodologyThe full modeling analyses reports can be found onmenadlietaryguidelines.gov

For Question 1 on SFA effects on CVD risk @ueéstions8 and 4 on MUFA ana6 PUFA,
the onclusions expressed in the 2010 DGAC repoimiormed byvidence compiled for the
2005 DGAC reportut are basearimarily onlNEL evidence gathered and reviewed 2084 As
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describedh the Review of Evidence sectifum some questions, the search was extended back
further to capture a larger body of evidgmaeicularly related to diabeisk populations

Conclusions t@uestion 1 on SFA effects on T2D ridkiestion 5 on stearic adijestion 6 on
trandatty acidsQuestion 9 on maternaB fatty acid intake, adilestion 11 on chocolae

based on literature published sR@@0. AlthouglQuestions 3rad 4 on MUFA and-6 PUFA did

not go back to 2000, the results fiQuestion 1 on SFA and T2D risk also strengthen the evidence
for these questions, as SFA was replaced by MUFA or PUFA. The condlisestion 2 on

dietary cholesterol is based on teegpublished since 198@sults of a NEL search since 2004

for question 7 on seafood are supplemented by the findings of an earlier evidence review conducted
by the ADAEvidence Analysis Libraog health benefits related to consumption of fish or fish
derivedn3 fatty acids, covering tliterature published fro8004 to 2007
(http://www.adaevidencelibrary.chruestion 8 on plawerivedn-3 fatty acidsialso based on

this earlier systemat@&view onducted by thADA that included health benefits related to
consumption of plants or plagérivedt3 fatty acids. The NElpdated this search from Z@0

2009 for this questioihe revievior Question 10 on nutsas also informed laprevious review
conducted by th&DA on almonds that covered titerature published fro2001 througl200¢

( http://lwww.adaevidencelibrary.chm

PriorDGAC made recommendations about dietary fat consumption targetiogcihotic
CVD as the primary disease of concena 2010 DGAC continues this focus, dartsidered
additional bease outcomes and intermedetekers of these outcomagherosclerotic CVD
includes coronary heart disease (with major clinical gressrasa angina pectoris, acute
myocardial infarction, or sudden cardiac dediigrothrombotic strokend peripheral arterial
disease. Typgediabetes (T2D)asaffectedby dietary fais a new consideration for the 2010 [BGA
In contrast to CVD, T20s clearly increasing in prevalence and incidence. T2D is a strong risk
factor for atherosclerotic disease, but also carries a high burden of disability and healthcare costs,
with diabetic nephropathy, retinopathy, and neuropathy as major sequela®f Basalig® and
T2D risk were included as disease outcomes related to fatty acid and cholesterol consumption.

The relationships of fatty acids or cholesterol to various cancers were also considered but have
very recently been reviewed by tlelfi\CanceResearch Fund/American Institute for Cancer
ResearcReport (WCRRAICR, 2007). The evidence regarding cancer is less conclusive than that
related to CVD and T2D. Populatiende recommendations, therefore, have been driven by the
public health impact oD and T2D.

A series ointermediatenarkers have been examined because of their strong etiologic
association with atherosclerotic CVD and T2D, and their use as outcomes in prospective studies and
randomized clinical trialthese measures include blopidis and lipoproteins, glucose intolerance,
insulin resistance, blood pressure, and biomarkers of inflammatiomt@éhmediatenarkers are
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linked to risk of both CVD and T2Bs indicators of altered metabaliShs is manifested most
clearly by metakic syndrome that is clinically characterized by five criteria: blood pressure, waist
circumference, fasting triglyceride levels, HDL cholesterol and fasting bloodigtaioskc

syndrome is considerediatermediatstage in the progression to-hidwn T2D

For each of the NEL review questions in this chapter, the following general criteria applied.
Sudy designsicluded systematic reviews, raatayses, randomized controlled trials, prospective
cohort studies and casentrol studiefResearctvas conducted in developed nations and
participantsvere healthadults and those at elevatedafsthronic diseasmcluding CHD/CVD
and T2D, with related conditions including hyperlipidemia, insulin resistance, and associated
metabolic disturbanc&udy participant&ith CVD were included Questions 7 and 8, and
individuals witi2D were included iQuestion 1 t@l. Pregnant and lactating women afahis
were included in the review of the literature related to maternal intake ah@Hfant halth
outcomes

THE INFLUENCE OF DIETARY FATS ON CARDIOVASCULAR
DISEASE (CVD) AND OTHER HEALTH OUTCOMES

The 2005 DGAC addressed the issue of total fat intake as a determinant of major health
outcomes, body weight, blood lipid concentrations, and otladolieeparameters, based on the
IOM reportDietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, P
and Amino Acid®M, 2002)Based on this review, the recommendation was to avoid very low fat
diets (<20% of emgy from fat) to reduce the risk of inadequate intakessoldiate vitamins and
the essential fatty acids, LA and ALA. The 2005 DGAC also recommended avoidance of very high
fat diets (>35% of energy from fat), as such diets are associated with cadoemsietiake and
related weight gain. Therefore, total fat intake tofZ®Dpercent of calories was recommended for
adults, 2%0 35 percent for children ages 4 to 18 years, do@3@ercent for childreage to 3
years. Since the 2005 DGAC repgbere has been little evidence in adults to contradict this as a
healthy range of total fat as percent of calories. The issue of child&to, Egjgears, is more
challenging to evaluate because of the limited number of studies and the iffemidiyg and
documenting diet in this age group. Pediatric guidelines are currently under rexisatiopal
Heart, Lung, and Blood Institute (NHLBI)

Most studies with higher percentage of energy from fat also include higher levels of SFA both
in ésolute units and in percent of energy. The 2010 DGAC, therefore, has focusgdadityttiie
fats within the 2@ 35 percent AMDR range. Because there are major etiologic links between
dietary consumption of fats or cholesterol and cardiovasculse,dip&s and lipoproteins are
important intermediate markers in the study of dietary fats and cholesterol. In keeping with the 2010

Report of the DGAC on the Dietary Guidelines for Americans, 20 10 D3-14



Part D. Section 3 : Fatty Acids and Cholesterol

DGACO6s focus on a broader range of intermedia
were consided for evidenebased analysis.

Question 1. What is the Effect of Saturated Fat Intake on Increased
Risk of Cardiovascular Disease or Type 2 Diabetes, Including Effects
on Intermediate Markers such as Serum Lipid and Lipoprotein
Levels?

Conclusion

Strong evidendadicates thaintake ofdietary SFA is positively associated with intermediate

markers and end point health outcomes for two distinct metabolic pathways: 1) increased serum
total and LDL cholesterol and increased risk of CVD and 2) increased markers resistarice

and increased risk of T2D. Conversely, decreased SFA intake improves measures of both CVD and
T2D risk. The evidence shows that 5 percent energy decrease in SFA, replaced by MUFA or PUFA,
decreases risk of CVD and T2D in healthy adults anoviespnsulin responsiveness in insulin

resistant and T2iddividuals

Implications

As the evidence indicates that a 5 percent energy decrease in SFA, replaced by MUFA or PUFA,
results in meaningful reduction of risk of CVD or T2D, and given that in gopul&tion 1112

percent of energy from SFA intake has remained unchanged for over 15 years, a reduction of this
amount resulting in the goal of less thparZenenergy from SFA should, if attained, have a
significant public health impact. As an mtetep toward this less thapefcengoal, all

individuals should immediately consume less thmerddhpf energy as saturated fats. This impact
would not only be limited to a reduction in heart disease and stroke, but also in T2D, a disease
currentlyrising in incidence and prevalence. This substitution of MUFA and PUFA for SFA
assumes no change in energy intake. The age of onset of T2D is substantially younger than that of
CVD and increasingly frequent in adolescence. Reduction in SFA in chilgoengadults may
provide benefits decades earlier than currently apprétatgdowing data to support a risk of

T2D from SFA consumption supports the need famfadified diets in persons with qliabetes,
including those with metabolic syndrome tlaosewith established diabet&arly signs of
atherosclerotic CVD are also seen in children and a number of studies indicate that the
atherosclerotic process begins in childhood and is affected by high blood cholesterol levels.
Therefore, reduction BFA in children and young adults may provide benefits decades earlier than
currently appreciated relative to both CVD and T2D incidence.

Review of the Evidence

The NEL systematic review of the literature published since 2004 idehsfigtleassessy
the relationship between SFA intake and CVD risk in healthy adults or those at elevated chronic
disease risk. Studies were conducted in the US, Europe and South America drtd overall,
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randomized controlled trials, onexnandomized trial and an anislys 11 pooled cohorts with
metaanalysis were identifidthe intervention studies ranged in sample size from 14 to 191
participantaind the pooled analysis included 344¢8&@@ipantsOf the 12studies, eight were
methodologically strori§zadbakht2007 Berglungd 2007 Chen 2009 Furtadg 2008;Jakobsen

2009; Kralov&2008; Lefevr&005; Lichtenstei@D05) andfour weremethodologically neutral
(Buenacors@007; Bourque007; Chung004; Dabadi2005) Mostmethodologically strong
studiesver e feeding trials wit h , whithinvelvedcedactoa Amer i
in SFA through replacement with MUFA, PUFA, or, to a lesser extent, carbobydtatgSFA
replacement {5% of energyyith either MUFA (Berglund, 2007; Licistein, 2005) or PUFA

(Chung, 2004; Kralova, 2008; Lichtens?®@5) significantly decreased total anddhlesterol.
Replacement of SFA with carbohydrdéeseased plasma total and LDL cholestepaletrr,
compared to MUFA or PUFA, carbohydrate elesd HDLcholesteroand increased sen
triglycerides (Berglun2007. A study by Lefevre et al. (2005) included two levels of t¢8il%at

and 25%gand SFA9% and 6%) in the Step | and Step Il diespectively, and demonstrated
doseresponse &fctin lowering LDL cholesterol. Howevesmpared to the average American diet,
the Step | and Step |l dietiso decreasétDL cholesterol levels and raised triglyceride levels in the
blood. Furthermore, these authors showednti@dualavho were isulin resistant responded less
favorably to the STEP Il diet than did those with normal insulin sensitivity. A study byeiKedlova
(2008) examined changeshalesteroéfflux to determinevhethereduced HDLcholesterolpn a

high PUFAlow SFA diethad a negative effect on reverse cholesterol transport. The study showed
no change in cholesterol efflux.

One metaanalysis examined effects of SFA reduction on incident coronary heart disease
(CHD) outcomes by estimating the anticipated effects frasticthinodels where SFA is
exchanged for equal energy from MUFA, PUFA, or carbohydrates (Jakobsen, 2009). These authors
examined 11American and European cohort studies and found a significant inverse association for
PUFA (with 5% substitution for SFA) asatonary eves (hazard ratio = 0.87, 95% QlI770.97,
and coronary death hazard ratio = 0.74, 95% CIQ@8) They also found a positive association
between substitution of MUFA or carbohydrates for SFA and risk of coronary events, but not risk
of coronary deaths. To provide further context for the question of SFA replacement with other
healthy fats or carbohydrates and CVD risk, a review by Hu et al. (2001) waSdelpfs.1
shows the estimated changes in risk of coronary heart dise&gedwstitisocaloric substitution
of SFA (at 5% energy) with healthy fats such as MUFA or PUFA or carbohydrates, as well as
substitution of trans fatty acids (at 2% energy). In all cases of isocaloric SFA or trans fatty acid
substitution, there is a dease in CHD risk. However, it should be noted that when MUFA or
PUFA are substituted by any kind of carbohydrates, CHD risk increased.
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Figure D3.1Saturated fatty acidsubstitution and coronary heart diseaserisk
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Note: Estimated changes (percent with 95% confidence intervals) in risk of coronary heasedi€&ID) associated with
isocaloricdietary substitutions. Adjusted for coronary risk factors and total energy intake. Sat=SFA, Carbo=carbohydrate,
Mono=MUFA, Poly=PUFRManstransfatty acids, SaCarbo=substitute carbohydrates for SFA.

Source: Hu etlg 20013 Amer Col Nu0,519. Usedwith permissionthe American College of Nutrition

The NEL review of the literature published since 2000 on the association of dietary SFA and
T2D identified 12 studies conducted in the US, Europe, Canada nanith&rexamined the effect
of dietary SFA on altered glucose metabolism, markers of insulin resistance, and T2D risk. Two
were methodologically strong review articles including one which evaluated 15 trials, 9 trials in 358
nondiabetigarticipantand # trials in 9®articipantsvith T2D (Galgani, 2008), and one
reviewing 14 prospective cohort and 5 egesgonal studies (Hu, 2001). Nine were randomized
clinical trials ranging in size from 11 tog#8cipantsincluding six methodologically strong
studies (Han, 2001; Lindstrom, 2006a; Lindstrom, 2006b; Lopez, 20&8neaezz 2001; and
Veshy, 2001) and three methodologically neutral studies (Paniagua, 2007; Shah ,-20@j&, and St
2003). The one prospective cohort study with 8ga2Gdiparsf r om t he Nur ses® Hea
was methodologically strong (Salmeron, 2001). The Galgani review of randomized controlled trials
indicated that three studies provided evidence that MUFA or PUFA replacement of SFA improved
insulin sensitivity, including dmghpowered study that indicated a 10 percent decrease in insulin
sensitivity on high SFA, versus high MUFA, diets. However, nine studies showed no effect of
MUFA or PUFA replacement. The Hu review concluded that higher intake of PUFA (and
potentially lag-chainn-3 PUFA) were beneficial, whereas higher intakes of SEArefadity acids
impaired glucose metabolism and increased insulin resistance. Four randomized controlled trials
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showed MUFAenriched diets improved glucose uptake and insulin sgnditiygiez et al. (2008)

showed that increased dietary MUFA improved insulin sensitivity and promoted pancreatic beta cell
function; Paniagua et al. (2007) showed a diet high in MUFA improved blood glucose and
Homeostatic Model Assessment (HOMA)sulinResistance (IR) (HOMKR) scores over both

SFA and carbohydrates in insulin resistdividualsPerezlinenez et al. (2001) showed a MUFA
enriched diet improved glucose uptake in peripheral tissues and insulin sensitivity; and Vesby et al.
(2001) showesIFA decreased, whereas MUFA did not change, insulin sensitivity. Three studies
provided evidence that decreased SFA intake may decrease risk of T2D; two large randomized
controlled trials (Lindstrom, 2006a; Lindstrom, 2006b) and one prospective chyh(@abkteron,

2001). One randomized controlled trial by Shah et al. (2007) showed that insulin responsiveness was
improved with either MUFRAr PUFAenriched diets imdividualsvith T2D.

Question 2. What is the Effect of Dietary Cholesterol Intake on Ri sk of
Cardiovascular Disease, Including Effects on Intermediate Markers
such as Serum Lipid and Lipoprotein Levels and Inflammation?

Conclusion

Moderate evidence from epidemiologic studies relates dietary cholesterol intake to clinical CVD
endpointsManyrandomized clinical trials on dietary cholesterol use eggs as the dietary source
Independent of other dietary factors, evidence suggests that consumption of one egg per day is not
associated with risk of CHD or stroke in healthy adults, although comswhptore than seven

eggs per week has been associated with increagedinglortant distinction is that among

individuals with T2D, increased dietary cholesterol intake is associated with CVD risk.

Implications

Overall, the evidence shows that conion of dietary cholesterol in the amount of one egg per

day is not harmful and does not result in negative changes in serum lipoprotein cholesterol and
triglyceride levelsleither does consumption of eggs at this level increase risk of CVD in healthy
individualsEggs also are a good source of high quality protein and numerous micronutrients
However, in individuals with T2D, egg consumption (at one egg/day) does have negative effects on
serum lipids and lipoprotein cholesterol levels and does inskeaE€VD Furthermore,

consumption of more than seven eggs per week is not recommended for the general public. Overall,
limiting dietary cholesterol to less than 300 mg per day, with further reductions of dietary cholesterol
to less than 200 mg per darypersons with or at high risk for CVD and T2D, is recommended.

Review of the Evidence

The NEL systematic review identifiecstiiliepublished since 1999 that evalutitectffect
of dietarycholesterol intaken CVD riskconducted in the US, Eurgpéexico, and Japan. Eight
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randomized controlled trials, including two methodologically strong studies (Ballesteros, 2004;
Knopp, 2003) and six methodologically neutral studies (Go@@@avGreene, 2005; Harman,
2008; Mutungi, 2008; Reaven, 2001; TanA605) with sample size ranging from 28 to 201
participantsvere reviewed. Fiypeospective cohostudies, including four methodologically strong
studies (Djousse, 2008; Hu, 1999; Qureshi, 2007; Tanasescu, 2004) and one methodologically neutra
study Nakamura, 2006) ranging in size from 5,687 to §@afa&2pantswere reviewed. Arthe
metaanalysisf 17 studies thatasmethodologically strong (Weggemans, 2084 ywo systematic
reviews, one methodologically strpogled analysis of 167 chatesk feeding studies in 3,519
participantgMcNamara, 2000) and one methodologically neutral review of 8 prospective cohort
studies on dietary cholesterol and 6 prospective cohort studies on eggs (Kritchevsky and
Kritchevsky, 2000) met the eligibilityecidt and were reviewdthe majority of these articles
reported on comparisons of egg versus egg sulstiitegg intaken studies comparirggs

versus egg substitute, eaedomized controlled trial (Balleste®4 andonepooled analysis
(McNamara, 200pshowed thatDL cholesterohndHDL cholesteroincreased in hyper
responders, but did not change in hygsponders; overall, the LDL:HDL did not change in-hypo
or hyperresponderddentification of hypand hyperesponders showed intadividual variation

to dietary cholesterol that may result in differing health outcomes for individuals with different
genetic predispositions.

Harman et a{200§ found thatLDL cholesterotiecreased in both egg and eggtigute
groupsand two studies elderly adulfgGreene, 2005; Goodrow, 20i@licated thatDL
cholesteroAndHDL cholesterolvere not affected by egg intake. Tavmlomized controlled trials
showedan increase in LDL diameter in dgggroup(Bdlesteros, 2004; Greene, 2008)o
randomized controlled trials in 65 inssénsitive and 75 insutesistanindividualgletermined
that egg consumption was associated with inctdlsetholesterglbut only in insuiltsensitive
individualgKnopp, 2003; Tannock, 2005). However, Reztva (200 found that high
cholesteraintake did not increak®L cholesteroin either insufi-sensitive or insuhresistant
subgroupsAll studies that measund®L cholesterofound thatHDL cholesteroWas increased
with egg consumption, and esueh study was in a carbohydrestricted diet background
(Mutungi, 2008)0ne study assessed markers of inflammation and found incressgV €
protein and serum amyloid A with high egg consumpticioumatno difference in cir¢ating
cytokinegTannock 2005). One metmalysis of 17 studies indicated that high di¢talgsterol
intake increased the total:HbDholesterotatio However, this effect was attenuated in the low SFA
subgrougWeggemans, 2001)

In the prospective cohort studies, IBjse et a{200) found that egg consumption upsiw
eggyerwek i n the Physiciansd Healt ftau®tmardlyy, bstas no-
consumption ofmore than sevesggyer wek was associated wR3percenincreased risk of
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death. In the Japan Public Health Center study, egg consumption was not associated with CHD
incidencéNakamura, 20060 NHANES I, no relationship was established between egg
consumption (>6 eggs/wk) and risk of stroke or ischemic stroke, andmgkaxdial infarction

and alcause mortality was not different between egg arajga@onsumption grou3ureshi,

2007). Acombined analysis of the Health Professionals Folpw St udy ( HPFS) and t
Health Study (NHSlpundno significant assotian between egg consumption and risk of CHD or
stroke in men or womehiu, 1999)A review of epidemiological studi&stchevsky and

Kritchevsky, 200@howed there was no association between consumpieegper dayand

risk of CVD, but only imon-diabetianen and women. Furthermore, thmesthodologically strong
prospective cohort studies wadthat egg consumptiavmes associated with increased CVD risk in
individualsvith T2D (Djousse, 2001; H@999 Tanasescu, 200dnd this warrants further
investigation

Dietary Cholesterol Modeling

The USDA food patterns were designated to meet adequacy and reduction goals, and 2005
DGAC recommended cholesterol intakes of less that 300 mg per day for persons not at risk for
CVD. A food pattern modelirgnalysisvas carried out to identify nutrient amounts that would
change and the nutrient goals that would be met or not met for the patterns at each calorie level
when dietary cholesterol is limited to less than 200 mg p&edaye( Cholestereport,online
Appendix E3.8vailable atww.dietaryguidelines.ovo meet the lower criteria of less than 200
mg of cholesterol per day, all patterns were moalfileflows. Eggs were limited to less than two
per week. The amounts of meat and chicken were decreased by about 20 percent, and nuts and soy
products were substituted to maintain the same total amount from the meat and bean group in each
pattern. The ammts of solid fats, which include fats in milk products as well as meats and poultry,
were capped at 10 grams per day, and oils were substituted isocalorically. With these modifications,
dietary cholesterol was reduced 23 to 31 percent. These modgfied aksth showed a 3.5 percent
reduction in protein, a 10 percent reduction in choline? @&rcent reduction in vitamins A and
D, a 21 percent reduction in EPA (2063}, and a 3 percent reduction in DHA (22385 In
contrast, vitamin E increased2b percent, thiamin increased 18 percent, linoleic acid
increased 320 percent, and alphaolenic acid increased 8 percent. The resulting patterns had
adequate protein, but amounts of choline, and vitamin D (which were below adequatg intake (Al
levels set by the IOM in the patterns containing 300 mg/dl per day) were even less adequate in the
patterns containing less than 200 mg of cholesterol pénedealth implications of a lower
choline diet are not well defined.
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Diets with less tharDQ mg per day of cholesterol can be constructed for those for whom
such a diet has a positive berteftost ratio. This diet can be achieved by reducing eggs, meat,
chicken, and solid fats (including fats in milk products), and replacing them véthnutsakoy
products, and oils.

Question 3. What is the Effect of Dietary Intake of MUFA when
Substituted for SFA on Increased Risk of Cardiovascular Disease and
Type 2 Diabetes, Including Intermediate Markers such as Lipid and
Lipoprotein Levels and Inf lammation? And What is the Effect of
Replacing a High Carbohydrate Diet with a High MUFA Diet in Persons
with Type 2 Diabetes?

Conclusion

Strong evidence indicates that dietary MUFA are associated with improved blood lipids related to
both CVD and T2D, Wwen MUFA is a replacement for dietary SFA. The evidence shows that 5
percent energy replacement of SFA with MUFA decreases intermediate markers and the risk of
CVD and T2D in healthy adults and improves insulin responsiveness in insulin resistant and T2D
individualsModerate evidence indicates that increased MUFA intake, rather than high carbohydrate
intake, may be beneficial for persons with T2D. High MUFA intake, when replacing a high
carbohydrate intake, results in improved biomarkers of glucosee@ecdiabetic control.

Implications

At the current level of 11 to 12 percent of energy from SFA, healthy American adults would benefit
substantially by replacing 5 percent of that total energy with MUFA (e.g., 12 percent SFA reduced to
7 percent SFA 2lpercent MUFA increased to 17 percent MUFA). Beneficial outcomes would

include reduced rates@¥D andT2D as well as improved lipids and lipoproteins, inflammatory
markers, and measures in insulin resistance. Persons with a predisposition to bkEhed esta

T2D may especially benefit from a high MUFA diet, both as a substitute for SFA and as a substitute
for carbohydrates. Given the high prevalence of T2D and the metabolic syndrome in the US, such
benefits would have a large public health impact.

Review of the Evidence

Thirteenstudiegpublished since 2004 and conducted in the US, Europe, and Avestealia
reviewed to determine the effect of MUFA on health outcdinese includezhe
methodologically strgrmetaanalysis evaluating 11 prospecbbert studies (Jakobs@®09and
11 randomized controlled triedsiging from 14 to 1Gfarticipantancludingsixmethodologially
strong studies (Appel, 2005; Berglund, 2007; Due, 2008;2G8)& 7T hijssen and Mk, 2005;
and Thijsser2005), antive methodologically neutistudies (Allmafrarinelli, 2005; Binkoski,
2005; Clifton, 2004; Paniagua, 2007; and Rasn@[ he reviewed studies also incluatex
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methodologically strong prospestiohort study of 5,6 articipantfromthe Nure s 8 Heal t h
Study who reported a diagnosis of T2D (Tangsz3@4)Overall, MUFA replaag SFA in the diet
aspercenbf energy leads to a decrease in LDlesterol (Allmaifrarinelli, 2005; Apped005;

Bemlund, 200)7a decrease in serum tieglydegAllmanFarinellj 2005)a decrease in markers of
inflammation (Allma#arinellj 2005)and a decrease in CVD rigippel, 2005; Rasmussen, 2006
Increasing MUFA intake, rather than replacing SFA with MUFA, also leads to a mléataase i
cholesterolHaban 2004, LDL cholesterol (Habak004), LDL:HDL ratio (Due2008), sem
triglycerides (Brunerqv2007), inflamatory markers (Brunere2®07)and fasting insulin and
HOMA-IR scores (Brunerova, 2007; P2@08)However, Clifton et 22004) fond a greater

decrease in total cholesterol and HDL cholesterol in women who consumed afaedyetipow
compared with a high MUFA diet, and no difference in the LDL:HDL ratieeretire two diets

(Clifton, 2004). Replang SFA with MUFA, compared to tapement with carbohydrates,
decreasedesum triglycerides (App&005) and incress HDL cholesterol (Appel, 2005; Bergjund
2007)Lastly, a prospective cohort study invol vir
Study found that replag5 percentenergy from SFA with equivalent energy from MUFA was
associated with a pércentower risk of CVDThe authors conclude that replgSFA with

MUFA may be more protective against CVD than replacemenadatihydrate (Tanases2004).

Comparingsubstitution of SFA with MUFA versus PUFA showed a greater decrease in total
and LDL cholesterol withUAFA substitution (Binkosk2005)Furthermore, a pooled analysis of 11
prospective cohort studies showed that risk of coronary events and cordnamysdeatest with
5 percenenergy substitution of SFA WRJFA; PUFA substitution resulted in the greatest
decrease, with MUFA showing somewhat less, and carbohydrate showing the least improvement
when substituted for SFA (Jakoh&899)In a compariso of individual fatty acids, oleic acid was
no different than stearic or linoleic acid in its effect on measures of seramlijjopoteins and
markerf inflammationThijssen and Mensink, 20Thijssen2005).

To determine the effects of replaartggh carbohydrate diet with a high MUFA diet in
persons withype 2 diabes five randomized controlled trigdablished since 2004re reviewed
These randomized controlled trials were conducted in the US and Europe and ranged in size from
11 to 95articipantsTwo studies were methodologically strong (Brehm, 2009; G20iddidand
three were methodologically neutral (Brunerova, 2007; ReWliigue2004; and Sha005)In
persons witlf2D, a high MUFA diet compared to high carbohydrateetiegated blood LDL
cholesterol and triglgrides (Rodrigudllar, 2004), increased HDL cholestéBolunerova2007),
and decreased fasting blood glucose and HBAderova2007). On the other hand, when high
MUFA andcarbohydratdietswere alséow calorieor weight loss diets, the results were more
difficult to interpret. Brehm et £008) found no significant differences in fasting glucose, insulin,
hemoglobirAlc, or HDL cholesterol between the MUFA aadbohydratgroups Both groups
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improvedcompared to baseline due to decreased caloric intaB8{RE4/d). Gerhard et al.

(2004) did not find any significant difference in blood lipids or glycemic control in a comparison of
high MUFA versus high carbohydrate diets inim@Didualshoweverin this case, the two diet
interventions were not isocaloric and the MUFA diet was a higher calorie diet. Shah et al. (2005)
measured the effects of high MUFeksi carbohydraten blood pressure persons witi2D

and found that lonterm consumptioof a highcarbohydrate diet may modestly raise blood

pressure in persons with T2D.

Question 4. What is the Effect of Dietary Intake of  7-6 PUFA on Risks
of Cardiovascular Disease and Type 2 Diabetes, Including

Intermediate Markers such as Lipid and Lipop  rotein Levels and
Inflammation?

Conclusion

Strong and consistent evidence indicates that dietary PUFA are associated with improved blood
lipids related to CVD, in particular when PUFA is a replacement for dietaryir@frgaty acids.
Evidence showsdlhenergy replacement of SFA with PUFA decreases total cholesterol, LDL
cholesterol and triglycerides, as well as numerous markers of inflammation. PUFA intake
significantly decreases risk of CVD and has also been shown to decrease risk of T2D.

Implicatio ns

All recommendations assume an isocaloric replacement oft&&aity acids with PUEAn

this setting, both CVD and, potentially, T2D magtieced with PUFA replacemérite
mechanisms of CVD reduction, including improvement in serum lipdaledeéduced markers of
inflammation, may have additional health berffltsA consumption in the US is lower than that
of SFA or MUFA, although the only essential fatty aci@&J&w so a reduction of SFA from 12
percento 7 percenbf energy througan increase in PUFA alone would increase PUFA from 7
percento 12percenbf energyThis, orreplacing SFA wittome combination of PUFA and
MUFA, should yield significant public health benefits.

Review of the Evidence

Ten studiepublished since 2004re reviewed to determine the effect of PUFA on health
outcomesThese studies were conducted in the US, Canada, Europe, and Australia. These included
one methodologically stropgoled analysis of 11 prospective cohort st(idiksbsen, 200%)ve
randbmized controlled trigimcludingtwo methodologically strorsgudiegThijssen and Msimk,

2005; and ThijsseR005) anthreemethodologidly neutral studies (Liou, 2007O8ge, 2007;
and Zhao2004Yyanging in size from 23 to 45 participaatsifour prospective cohort studies
ranging in size from 1,551 to 78,@aRicipantsOf these cohort studigkree were
methodologicallgtrong (Laaksonen, 2005; Mozaffarian, 2005; grD0%) and ongas

Report of the DGAC on the Dietary Guidelines for Americans, 20 10 D3-23



Part D. Section 3 : Fatty Acids and Cholesterol

methodlogically neutral (Hodg2007)Randomizedontrolled trials that investigated the effects
on serum lipiéindlipoprotein levels aeplacing SFA witRUFA showed that PUFA improved
serumlipid profiles (St. Onge, 2007; Zh2a004)Zhao et al(2004) found that high LA or high

ALA diets comparet the average American diet decreased serum total cholesterol, LDL
cholesterol,ra triglycerides similarly-:@tge et a2007) reported that replacgmgcks high in

SFA ortrangats with snack$ighin PUFA reduced LDL cholesterol concentrational to
cholesterol, and triglycerides. However, varying LA, with SFA held constant, showed that high or
low LA did not influence total cholesterol, LDL cholesterol, dr ¢tidlesterol levels (Lio2007).
Comparing individual fatty acids, diets providpgceéntof energy from linoleic acid, stearic acid,
or oleic acid showed no significant differences in serum LDL or HDL cholesterol (Thijssen and
Mensink, 2005)

Studies that examined markers of inflammation or measures of oxidative stress showed PUFA
improved inflammatory marker levélsao et al(2004yeported that while both high ALA and LA
diets decreas&reactive proteirthe finding was significaomly for ALA. Additionally, while both
highPUFA diets similarly decreased intercellular celladhesgeculd (ICAM-1) \ersis the
average American ditie ALA diet decreased vascular cell adhesion malé¢@AaM1) and E
selectin more than the LA di€he comparison of high versus low LA, with SFA constant, showed
no difference in Ceactive prein, interleukirb, or patelet aggregation (Li@007)Comparison
of linoleic acid, stearic acid, or oleic acid showed that, in men, platelet aggregation time was
favorably prolonged with consumption of LA versus stearic acid, but was not differaetidom
oleic acid (ThijsseB8005).

Four prospective cohort studies showed that higher PUFA intake was associated with lower risk
of CHD and total mortality (Hodge, 2007; Laaksonen, 2005; Mozaffarian, 2005 2&0&.)ah
pooled analysis of 11 progpercohort studies showed that risk of coronary events and coronary
death was lowest witlpBrcenenergy substitution of SFA with PUFA>FAS> carbohydrate
(Jakobser2009).

The NEL review for this question included a prospective study with nestethadse
analyses on the effects of a dietary PUFA on T2 hiskauthors reported an inverse association
between dietary LA and T2D, compared to a positive association for stearic acid anatedal satu
fatty acids (Hodg007)In addition, the reviefor this question is supplemented by evidence
from question 1 on SFA and T2D risk that reviewed the literature from 2000. This, and the fact that
blood lipids are intermediate markers of risk for both CVD and T2D, further supports the
association betweebJPA intake and decreased T2D risk.
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SPECIFIC FATTY ACIDS THAT AFFECT PLASMA LDL, HDL, AND
NON-HDL CHOLESTEROL LEVELS

More than 50 years of research has defined the impact of fatty acids on cholesterol metabolism,
yet stearic acid is still categorizeds#sfaandrangatty acids are categorized as PUFA, based on
their respective chemical properties. However, as more evidence becomes available showing that
stearic acid has different metabolic effects than other SFA and does not raise blood cholesterol, and
that elaidic acid and otheandatty acids do raise blood cholesterol similar to SFA, a better
classification of fatty acids wrahsdebefFAr dou
category would consist of SFA with carbon chain gefigth C12C16 (i.e. excluding stearic acid
and smaller SFA) atrdndatty acids. The 2010 DGAC reviewed recent evidence on the effects of
these particular fatty acids on blood cholesterol and lipoprotein levels.

Question 5. What are the Effects of Diet ary Stearic Acid on LDL
Cholesterol?

Conclusion

Moderate evidence from a systematic review indicates that when stearic acid is suloghiarted for
SFA ortrandatty acids, plasma LDL cholesterol levels are decreased; when substituted for
carbohydrate&DL cholesterol levels are unchanged; and when substituted for MUFA or PUFA,
LDL cholesterol levels are increased. Therefore, the impact of stearic acid replacement of other
energy sources is variable regarding LDL cholesterol, and the potential ahaagesfin stearic

acid intake on cardiovascular disesiseemains unclear.

Implications

Since stearic acid is not known to raise LDL cholesterol, the DGAC is recommending that stearic
acid not be categor-r aedi wighihcudeCh20Cl4y BIGISEA est er
andtrangatty acids. Foods that are high in stearic acid, such as dark chocolate and shea nut oil, need
not be considered as problematic as foods high in other 8&Adatty acids. In addition, setting

the recommended pent of energy from these cholestaming fats to a less thato 5 percent

will help to maintain blood cholesterol at desirable concentrations.

Review of the Evidence

Background

Stearic acid consumption in the US varies considerably betweenaménh8giaay) and
women (mean 5.9 g/day), with modest increases between 1994 and 2006 (USDARGR)1997
The foods that contribute the most stearic acid to the diets of Americans ard dbiled8110.
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Table D3.10Topfood sources of stearic acidmongUSpopulation, 20052006 NHANES

Contribution to Cumulative
intake contribution

Food Item % %

Grainbased desserts 8.3 8.3
Regular cheese 6.1 14.4
Sausage, franks, bacon, and ribs 6.0 20.4
Chicken and chicken mixed dishes 5.7 26.1
Pizza 5.7 318
Burgers 5.1 36.9
Beef and beef mixed dishes 4.8 41.7
Mexican mixed dishes 4.4 46.1
Dairy desserts 4.3 50.4
Candy 4.2 54.5
Pasta and pasta dishes 3.3 57.8
Fried white potatoes 3.2 61.1
Eggs and egg mixed dishes 3.2 64.2
Reduced fat milk 3.0 67.2
Whole milk 2.6 69.9
Yeast breads 25 72.3
Cold cuts 2.2 74.5
Butter 2.2 76.7

Source: Sources of Saturated Fat, Stearic Acid, and Cholesterol Raising Fat amorRpindatisn, 2008006. Risk Factor
Monitoring and Methods Branch Website. ApplieesBarch Program. National Cancer Institute.
http://riskfactor.cancer.gov/diet/foodsourced)pdated November 9, 2009. Accessed April 16, 2010.

Evidence Summary

A NEL review of the evidence sir#@3)0 resulted in osgstematic review with univariate and
multivariate regssion analysis of all selected studies. This review exbmgféett of stearic acid
on bloodLDL cholesterol when substituted for SFA, MUFA, PUFA, carbohydrate)datty
acds (Hunter, 2010Although this systematic review provided broad qualitative and quantitative
analysis, it was scored as methodologically neutral based on one limitation: the selected studies
included in the review were not individually gradi@ae\er, this review providede most
updated evidence and covaka@spects of stearic acid replacements and risk/benefit outcomes
related to LDL cholesterol and CVD ri&kerall, this review covered three epidemiologic studies
that examined stearic ageédfically, and 20 randomized controlled trials that examined high stearic
acid intake as a replacement of other dietary fats or carbofidraa@domized controlled trials
were grouped according to comparisons with 1) high SFA (palmitic acidaeigristidutterfat)
(Aro, 1997; Becker, 1999; Bonanome and Grundy, 1988; Denke and Grundy, 1991; Dougherty,
1995; Judd, 2002; Kelly, 2001, 2002H{hnisrton, 1993; Nestel, 1998; Snook, 1888dram,
2007; Schwab, 1996; Tholstrup, 1994, 1995); 2Zahighydrate (Nestel, 1998; Judd, 2002; Kris
Etherton, 1994); 3) high unsaturated fat (oleic acid or linoleic acid) (Bonanome and Grundy, 1988;
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Denke and Grundy, 1991; Dougherty, 1995; Hunter, 2000; Zock and Katan, 1992; Mensink, 1992;
Kris-Etherton, 199; Judd, 2002; Thijssen and Mensink, 2005; Berry, 2007; Louheranta, 1998); and
4) baseline (or habitual) diet (Snook, 1999; Schwab, 1996; Kelly, 206bu280#jies assessed

the effect of substituting stearic acidfamgatty acids in the diet (@ 1997; Judd, 2002; Sundram,
2007; Zock and Katan, 1992)

Overall, the results showed that in comparison with SFA, stearic acid lowered LDL cholesterol,
was neutral with respect to HDL cholesterol and lowered the ratio of total to HDL chdfesterol
comparison with unsaturated fatty acids, MUFA and PUFA, stearic acid tended to raise LDL
cholesterol, lower HDL cholesterol and increase the ratio of total to HDL choldsteaolate
regression analysis of the data substituting stearic acid for ohcdestey SFA indicated that the
LDL cholesterol concentration deceases as dietary stearic acid. ifbecasesriate regression
coefficient for this relation w#&s036 [§=0.034) The regression coefficient suggests that for each 1
percenbf energyncrease in stearic acid, when substituted for cholesitsrg SFA, the LDL
cholesterol concentration could decrease by 0.036 mmol/L. When multivariate regression analysis
was done, with adjustments for both betvetiedly, and withistudy, variatiothe multivariate
regression coefficient for this relation was O0p34B001), suggesting that for eaplertenenergy
increase in cholesteralsing SFA, when substituted for stearic acid, the LDL cholesterol
concentration would increase by 0.043 mmol/

A oneto-one substitution of stearic acidtfangatty acids showed a decrease or no effect on
LDL cholesterol, an increase or no effect on HDL cholesterol, and a decrease in the ratio of total to
HDL cholesterolReplacing industrimhngatty adils with stearic acid could increase stearic acid
intake from Percento 4to 5 percenbf energy in the US population.

Although not part of the formal NEL review, the 2002 IOM report is consistent with Hunter et
al. (2010)The IOM report emphasized tistearic acid has been shown to have a neutral effect on
LDL cholesterol levels (Bonanome and Grundy, 1988; Denke, 1994; Hegsted, 1965; Keys, 1965, Yu,
1995; Zock and Katan, 1992), in comparison to palmitic, lauric, and myristic acids that increase LDL
chdesterol levels (Mensink, 19%garic acid was indicated to be similar to oleic acid in its effects
(Kris-Etherton, 1993).

Cholesterol -raising Fatty Acids Modeling

Food pattern modeling analyses were carried
impact be on food choices and overall nutrient adequacy if the cholésbegoiatty acids were
l'imited to (a) | ess than 7 percent ofSeae ot al C

the Reducing Cholesteralsing Fatty Acidepat, online Appendix E3.@yailable at
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www.dietaryguidelines.go€holesteraiaising fatty acids were defined as total SFA minus stearic
acid.Trandatty acids are not available in the USDA food congpodadiabases because levels in
foods have been rapidly changing, however, they are captured in the solid fat values.

Changes in the base food patterns needed to bring chetaseglifats to less than 7 percent
and less than 5 percent of calories idergified, and the impact on food selections and other
nutritional goals was assessed. In the base patterns, stearic acid constifégse2c2nt of
calories, and cholesteraising fatty acids provide &06.8 percent of calories, so no cleang
were needed to achieve the goal of less than 7 percent. If all solid fats were removed and
isocalorically replaced with oils, total SFA would be decreased 5/g&rcent of calories and
cholesteretaising fatty acids would be decreased to 5.8 percent of calories.

Question 6 . What Effect does Consuming Natural (Ruminant) Versus
Synthetic (Industrially Hydrogenated) Trans Fatty Acids have on LDL -
HDL- and Non HDL Cholesterol Levels?

Conclusion

Limited evidence is available to supporbstantial biological difference in the detrimental effects
of industriatrandatty acids (iTFA) and rumindrdangatty acids (rTFA) on health whérFA is
consumed at-Z0 times the normal level of consumption.

Implication

The level of daily intakeofTFA i s quite small with the US add
approximating 1.2 g (1.5g for men and 0.9 g for women). This represents less than 2 percent of total
daily energy intake. This is a relatively minor exposure in the diet regésdhestabblic effect.

The very limited data available provide insufficient evidence to suggest rTFA and iTFA be
considered differently in their metabolic effects. ffatedatty acid intake should be considered

the target for dietary change. Totatiaktion of rTFA would require elimination of red meat and
dairy products from the diet. Although total elimination of iTFA may be desirable, the elimination
of rTFA would have wider implications for dietary adequacy and is not recommended. It is best to
avoid iTFA while leaving small amounts of rTFA in the diet. Ovenadlatty acid levels in the US

food supply have decreased dramatically following mandatéayty acids labeling regulations,

which went into effect in 2006. Continued reductioii$-A are to be encouraged.

Review of the Evidence

Based on the 2002 IOM review covering 20 controlled trials and 11 epidemiologic studies, as
well as the NCEP Adult Treatment Panel Review (NCEP 2002) and seven additional publications,
the 2005 DGAC cartuded that the relationship betwiandatty acid intake and LDL cholesterol
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i's positive and HDL chol esterol i's i nverse,
recommendation was thetngatty acids consumption should be kept as low as padsilled as

less than 1 percent of energy. An obstacle to ren@ndgtty acids altogether has been its dual

source in the food supply. The great majority comes from hydrogenation of unsaturated fats
industrially, but about 1 to 2 percent is foundrally in the gastrointestinal tracts of ruminant

animals, ending up in meats and dairy products. The 2010 DGAC therefore considered the question
of whether rTFA, which are structurally different from iTFA, have different effects from iTFA on
serum lipicand lipoprotein levels.

A NEL review of the evidence from 2000 found two methodologically strong randomized
controlled crosever trials (Motar@8elanger, 2008; Chardigny, 2008) and one methodologically
neutral review (Jakobsen, 2006) that comparedetis effiTFA and rTFA on plasma lipid
concentrations and CVD risk. Chardigny et al. (2008) compared experimental diets containing 11 to
129 per day (about 5% of daily energy) of rTFA and iTFA in 40 healthy normolipdienhials
in France and found rdifference in effect in men and ttrahdgatty acids from natural sources
significantly increased HDL cholesterol and LDL cholesterol in women. This level of intake of
ITFA is far above current US rTFA consumption, which is small compared to iTFAptionsu
(IOM Report, 2002). MotaiBelanger et al. (2008) evaluated four isocaloric experimental diets in 38
normolipidemic men: 1) high rTFA (10.2 g/2500 kcal); 2) moderate rTFA (4.2 g/2500kcal); 3) high
iTFA (10.2 g/2500kcal); 4) low TFA from any so(goetrol) (2.2 g/2500kcal). The investigators
found plasma LDL cholesterol was significantly higher after the high iTFA diet as compared to the
moderate rTFA diet, and after the high rTFA diet compared to moderate rTFA or control diets.
Plasma HDL cholestd concentrations were significantly lower after the high rTFA diet compared
to the moderate rTFA diet. These results indicate that moderate rTFA intake has neutral effects on
plasma lipids related to CVD risk.

One methodologically neutral review (JakoR2888) evaluated results from three prospective
cohort studies and one casatrol study which assessed the effect of consumption of rTFA on
CHD outcomes and reported no statistically significant association. A prospective cohort study
included in theakobsen review (Oomen, 2001) assessed the associationtizetsagnacid
intake and CHD in 667 Dutch men between the ages of 64 and 84 years with no history of CHD.
These investigators found amsignificant association between rTFA or iTFA andfiSkiD.

Relative risks of CHD for an increase of 0.5 percent energy from rTFA and iTFA were 1.17 (95%
CI1 0.691.98) and 1.05 (95% CI GR%5), respectively.

The risk of CVD associated withndatty acidss due,in part, tatrandatty aciceffectson
LDL and HDL cholesterglinflammatorprocesse as well as interference with fat metabolism. In
countries like Denmark, dramatic desim€VD of about 6(percenhave been attributéo
progressnade ifoweing theintake oftrandatty acidérom commercial sourcdseth, 2006;
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Stender, 2008culminating in the passage of legislation limiting their use. Although simultaneous
advances in the prevention and treatment of Ra¥eplayed a role, the importance of eliminating
iTFA cannot be overlookehlllozaffarian et a{2006) estimated that reducing comméeraregatty
acidintake from 2.percenof energy to 1.percenor 0.1percenpf energy could have prewasht
72,000 or 22800 CVD deaths per year, respectively. The FDA suggested thdtafenaomdgatty
acidsn just 3percenbf breads and cakes andog&bcenbf cookies and crackers would save up to
$9billion in health care costs in the next 20 years.

Accordingly, a number bfScompanies are taking innovative steps to ré@undaity acidsn
their food productélable [3.1].

Table D311. Meantrans fatty acid levels in certain foods from Food Label and Package Surveys
(FLAPS) 20@2007 and meartrans fatty acidlevels of comparable food products

FLAPS
Food 2004 20062007
Cakes
Number of samples n=10 n=11
Mean TFA levels g/100 g (%E) 2.85 (1.03) 0.98 (0.47)
Biscuits
Number of samples n=5 n=5
Mean TFA levels g/100 g (SE) 4.40 (0.25) 5.41 (0.70)
Margarines and spreads
Number of samples n=7 n=9
Mean TFAevels g/100 g (SE) 12.24 (1.06) 4.37 (2.36)
Cookies
Number of samples n=12 n=14
Mean TFA levels g/100 g (SE) 4.5 (0.62) 1.9 (0.84)
Crackers
Number of samples n=11 n=17
Mean TFA levels g/100 g (SE) 5.20 (0.51) 0.71 (0.39)
Potato chips
Number of samples n=8 n=10
Mean TFA levels g/100 g (SE) 0.45 (0.45) 0.0 (0) N&
Tortilla chips
Number of samples n=38 n=9
Mean TFA levels g/100 g (SE) 1.76 (0.6) 0.0 (0
Frozen potato products
Number of samples n==6 n=7
Mean TFAdvels g/100 g (SE) 1.97 (0.48) 0.74 (0.24)
Cereal and granola
Number of samples n=8 n=9
Mean TFA levels g/100 g (SE) 1.70 (0.8) 0.0 (0
Tortillas
Number of samples n==6 n=7
Mean TFA levels g/100 g (SE) 0.76 (0.39) 0.22 (0.22')

Transfat levels for 2004 are from Satchithanandam et al. 2004a, and were analyzed from food products. The levels
from FLAPS are values from food labels.
® SE = Standard error.
2 Significant decrease @k 0.05.
Significant increase @< 0.05.
f NS = Nosignificant.
Mean is NS, but median is significant decreage<4.05.
Source Mossoba et al. (2009). of AOAC Internationd?2 (5), 1284.300.Used with permissioPAOAC International.
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RELATIONSHIPS BETWEEN CONSUMPTION OF A-3 FATTY ACIDS
AND HEALTH OUTCOMES

This question had been reviewed extensively by several expert panels arfdGAC2085
n3 PUFA are derived from two sources, plant and nmizen2010 DGA&xamined both sources
for benefitdmpactingorimary and secondary prevention of CXXEhoughmost expert panels
have focused am3 supplementshis review examined the consumption®PUFA in whole
foods(dietary supplement interventions were excludedividualsvith and without CVDIn
addition to the potential beneficiatets ofin-3 PUFA on CVD risk in adults, significant findings
have emergeazh the benefits of maternal lecigainn-3 PUFA intake during pregnancy and
lactation related to improvedurodevelopmeir the infant and child.

Question 7. What is the Relations hip Between Consumption of
Seafood 77-3 Fatty Acids and Risk of CvD?

Conclusion

Moderate evidence shows that consumption of two servings of seafood per week (4 oz per serving),
which provide an average of 2&f) per day of longhainn-3 fatty acids, is assated with reduced
cardiac mortality from CHD or sudden death in persons with and without CVD.

Implications

An increase in seafood intake to two servings per week at 4 0z per serving, is advisek for high
(those with CVD) and averatgk persongspecially as the first presentation of CVD (myocardial
infarction, stroke) is frequently fatal or disabling. The quantity and frequency of seafood
consumption is important, but the type of seafood (those providing at least 250 mrdhairiong

3 fatty aids per day) also is critical. Increased consumption of seafood will require efficient and
ecologically friendly strategies be developed to allow for greater consumption of seafood that is high
in EPA and DHA, and low in environmental pollutants sucletylnmercury. (S@art D.8:

Food Safety and Technoldgya detailed discussion of the risks and benefits of seafood
consumption).

Review of the Evidence

The 2010 DGAC conducted a full NEL search of the literature from 2004 to evaluate the
associationf seafood consumption and CVD risk. Results of this review were supplemented by an
earlier evidence review of the literature from 2004 to 2007 conducted by the American Dietetics
Association on health benefits related to consumption of fish-deffigdn-3 fatty acids in
individualsvithout or with CVD. Taken together, the NEL and ADA evidence reviews id@atified
studies published since 2004 assessing the health benefits of seafood consumption in persons
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withoutCVD. These included ssystematic wews/metaanalysg including four methodologically
strong reviews with meaaalyses of randomized controlled trials and prospective cohort studies
(He, 2004 Konig 2005Mozaffarian 20Q8iozaffarian and Rimm, 2007), one methodologically
strong systentia review of 14 randomized controlled trials, 25 prospective cohort studies, and 7
casecontrol studies (Wang, 2006) and one methodologically neutahahetes of 14 cohort and

5 caseontrol studies (Whelton, 2004). These also included four ramdoonizelled trials

ranging in size from 33 to @&rticipantgonducted in the US and Finland, including two
methodologically strong study (Lara, 288i&rstad, 20p&nd two methodologically neutral studies
(Lindgvist, 2009; Lankinen, 2009). Lasilyjnbluded5 prospectiveohort studiesonducted in

the US, Europe, Japan, and China, ranging in size from 300 tp&Ti@@gantsincluding eight
methodologically strong (Brouwer, 2006; Frost and Vestergaard, 2008619érvinen20®;
Mozafarian, 2004; Mozaffarian, 2005; Virta@ea8 Virtanen, 2009) and seven methodologically
neutral studies (Albert, 2002; Folsom & Demissie, 2005; Levitan, 2009; Pangiotakos, 2007; Streppel,
2008; Turunen, 2008amagishi, 2008).

Threeof thesystematiceviews assessed both fish anddbvagnn-3 FAs(Mozaffarian 2008;
Mozaffariar& Rimm, 2007; Wang, 20@@)dthreemetaanalyses coveredly fish (Konig, 2005;
Whelton, 2004; and He, 200&)e ystematic reviews and matelyses were consistent imshg
that fatty fish consumption about twoservingperwee (about250mg EPA+DHA/d) decreases
risk of CVD eventdntakes above this leagpeared toesult in no significaatlditional decreases
in riskof CVD eventsas shown ifrigure [8.2a and D.2b.

Therandomized controlled trievidence showed anverse protectivassociation between fish
intake andntermediatenarkers of CVD risk and CVD health outcomes. The interventions were
fishrspecific and included the following: one study that sh@m@ay significantly increased serum
HDL levels(Lindgvist 2009; two studies on salmon that showed salmon versus no fish intake
improved serum lipids and blood pres@uaea 2006) and intake of salmon with different levels of
EPA+ DHA showed the hiygEPA+ DHA salmon improved serum lipids and markers of
inflammationSeierstad005); and one study comparing fatty versus lean fish showed that fatty fish
consumption improved serum lipid profiles and markers of insulin resisthinf@mmation
(Lanknen 2006).
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Figure D3.2aRelationshipbetween intake of fish or fish oil and relative risks of CHD death in
prospective cohort studies and randomized clinical trials

3000 T .
—4—Zutphen 1985

——MRFIT 1091

—— Adventst 1992

2200 - Rotterdam 1995
Chicago 1997

1800 4 —+—PHS 1098 1

\A 7 Countries 2000
1400 ~ China 2001
CHD X —+—NHS 2002

Mortality 1000

. ——CHS 2003
Rate
(per 100,000 <o | ——Denmark 2003
person-yrs) v Towa WHS 2004
-~

2600 A

200 >— A & HPFS2005 1
Japan 2003
= Ja 2
IDGT_“ Japan PHC 2006
o —+—DART 1980 §
100 1+ » —— GISSI 1000 §
\k4\. DART? 2003 §
50 4 R —&— JELIS Primary
“‘-w——‘ - - ——JELIS Secondary §
0 T T T T T
0 500 1000 1500 2000 2500

EPA+DHA Intake (mg/d) T

Note: Absolute coronary heart disease (CHD) mortality rates vary more thafoltidcross different populations (due to
differences in age, prior CHD, and other risk factors), but the relative effects of intake of fish or fish oil are comdisttver

for primary or secondary prevention, for cohort studies or randomized trials,rardmparing populations at higher or lower
absolute risk. Compared with little or no fish intake, modest consumption ¢5280mg/d eicosapentaenoic acid [EPA] plus
docosahexaenoic acid [DHA]) is associated with lower risk of CHD death, while at higlsesfleake, rates of CHD death are
already low and are not substantially further reduced by greater intake.

Source: Mozaffarian and RimmdAMA2006;296:1885.899. Used with permission, American Medical Association, Chicago, IL

Figure D3.2bRelativerisk of coronary heart disease death by dosEEPA+DHA
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Note: The relationship between intake of fish or fish oil and relative risk of coronary heart disease (CHD) death oh a poole
analysis of the prospective studies and randomized trials show ttigtffah consumption at about two servings per week
(about 250 mg EPA+DHA/d) decreases risk of CVD elm@atges above this level appeared to result in no significant additional

decreases in risk CVD events
Source: Mozaffarian and RimmdAMA2006;29618851899. Used with permission, American Medical Association, Chicago, IL
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Evidence from prospective cohort studies was substantial and focused on primary CVD
prevention in healthy adulf®n prospective cohort studies examined the association betyeen fa
fish and CVD outcomes and found a positive association beeaémothndseafooeterivedt3
fatty acid consumption and decre&@¢D inciderce/risk (Levitan, 2009; Virtanen, 2008;

Yamagishi, 2008; Streppel, 2008; Tur@@08;Jarvinen, 2006; 1s2006; Mozaffarian, 2005;

Lemaitre, 2003; AlbeB)02). Three prospective cohort studies examined fish adetifisll fatty

acid consumption and atrial fibrillation and found either no association betwezfaftglacid

intake and reduced risk afiatfibrillation (BrouweR006; Frost and Vestergaard, 2005) or a

inverse association between consumption of tuna or other broidded fisi{but not fried fish

and incidence of atridbrillation (Mozaffarigr2004). Virtanen et 2009 reportel n-3 fatty acids
(especially DHAto be effective in reduciagyial fibrillatiorin men. One prospective cohort study
examined the association between fatty fish intake and intermediate markers of CVD risk and found
moderate intake of fatty fish was isgly associated with serum lipids aratipoessure
(Panagiotako2007). One prospective cohort study assessa@ fighintake on CVD and CHD
mortality and found no independent association with CHD or stroke mortality (Folsom and
Demissie2005) One prospective cohort study found a positive association between fish intake and
increased incidenceT®D (Kaushik2009)This is the only observational evidence regarding risk

of T2D, but therandomized controlled triah fatty vs. lean fish by Lankiretral (2009examind
markers of insulin resistance and can be added to the evidence féjarding

The 2005 DGA indicated there was sufficient evidence to suggeStRiHEA consumption
provided protection for persowith existing CVDFor the cuent 2010 review, conclusions
related tgersons with CVD relied dne ADA evidencéased review referred to above, as a NEL
search did not yield additional studies that met the inclusion Eidgristudies were reviewed by
the ADA that addresseddhelationship between consumption of-fishivedt3 fatty acids and
risk of CVD events in persons with CM@ne was eethodologically stromgetaanalysis
covering 11 randomized controlled t(@Rischer 2002 andthreestudies wermethodologically
strang prospective cohort stud@mducted in the US with cohort size ranging from 228 to 415
participantgErkkila 2003, 2004, 20p&\ll of these articlggovideal evidenc®f theprotective
effect of consunng longchainn-3 fatty acids on risk of CVDeas inpersonsvith known CVD
Erkkila et al(2003 foundblood levels of ALA, EPA and DHAereassciated with a reduction in
risk of allcause mortality, but associations with combined fatal mfataldCVD events
specifically were not significanggesting a totally fdifent mechanism. Erkkila et 2004 and
Erkkila et al(200§ found fishderivedt3 fatty acids exertgdotective effestagainsprogression
of coronary artery arteriosclerodiesmen who ate two or more servings of fish pekwad
significantly fewer new lesions, and women with plasma DHA levels above the median exhibited
less atherosclerosis progression than those below the mekssakalysishatinclucedtwo diet
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intervention trialBuchey 2002 asseszsithe effecbf a diet high itongchainn-3 fatty acids from
fish (comparedo control) andoundlongchainn-3 fatty aciddecreased the relative risk of
myocardiaihfarction, sudden death, and ovenalitality inpersonsvith coronary artery disease

Figure 3.3 shows examples of seafood and their respective content of EPA and DHA and
methyl mercury. (SPart D.8: Food Safety and Technolfmyya detailed discussion of the risks
and benefits of seafood consumption.)

Figure [3.3. Estimated EPA/DHAontent and methyl mercurycontent of 3 oz. portions of seafood

@9 | | Tuna, white, canned
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* = cooked, dry heat

** = cooked, moist heat

*** = EPA and DHA content in Pacific salmon is a composite of chum, coho, and sockeye.

Source Institute of Medicine IOM). Seafood Choices, 2008sed with permission, National Academies Press, Washington, DC.
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Seafood Modeling

The implications for nutrient adequacy of increasing seafood in the USDA food patterns was
studied by modeling three scenarios of differing tdvadafood consumption, using the reference
2000 calorie per day food intake pattern:

« Scenario 1: 4 oz. per week of seafood higB fatty acids.

« Scenario 2: 8 oz. per week of seafood, including seafood both low anddfgttyracids
in propations to those currently consumed by Americans.

« Scenario 3: 12 oz. per week of seafood oW fatty acids.

One goal of this modeling analysis was to qussadifgodconsumption recommendations for
the general pubficsomething not done previouslgdese of a lack of strong evidence on the role
of seafoodconsumption in population health. The three scenarios were modeled to determine the
amounts of foods to include in the Meat and Beans group so as to meet nutrient recommendations
without altering # calorie level of the patteri@edhe Seafoadreportonline Appendix E3.10,
available atww.dietaryguidelines.gobhe analysis showed that the amounts of seafood in the
base USDA food patterns coblelincreased to 8 ounces per week without any negative impact on
nutrient adequacy. The total amounts of EPA and DHA for the three seafood scenarios modeled
were 292 mg per day for 4 oz. of highseafood (Scenario 1); 253 mg per day for 8 oz. of the
curent mixture of low and highthseafood (Scenario 2); and 201 mg per day for 12 oz. € low n
seafood (Scenario 3). This analysis did not incorporate the methyl mercury content of fish included
in the patterns; however, the amounts of methyl mercuag/ifothe seafood varieties used in the
patterns are zero to minimal. (See Part D.8: Food Safety and Technology for a detailed discussion of
the risks and benefits of seafood consumption.)

Question 8. What is the Relationship between Consumption of Plant
n-3 Fatty Acids and Risk of CvD?

Conclusion

Alphalinolenic acid (ALA) intake of G.6.2 percent of total calories will meet current
recommendations and may lower CVD risk, but new evidence is insufficient to warrant greater
intake beyond this levelnlitied but supportive evidence suggests that higher intaBdaifyn

acids from plant sources may reduce mortality among persons with existing CVD.

Implications

Evidence is currently insufficient to make a formal guideline to ineBaatzke from fant
sources without additional evidence from randomized clinical trials and prospective observational
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studies among participants with a broad rang8 oftake. As relatively little ALA converts to

EPA and DHA, evidence is lacking that ptlmived A3 fatty acids alone will provide the same
cardioprotective effects as EPA and DHA consumed at the recommended level discussed above.
This increases the need for efficient and ecologically friendly strategies to allow for greater
consumption of seafooddfatty acids, unless platgrived sources of EPA or DHA can be
developed.

Review of the Evidence

The NEL conducted an evidence rev@waetermine the relationship between comgum
plantderived+3 PUFAand the risk of CVD eveniBhis reviewreliedupon an evidencbased
review conducted by the ADA on the relationship betw8datty acids and CVD, covering the
literature from 2004 to 20Q0XDA, 2008)Overall, five studies were reviewed by ADA that
addressed this questidhese included two methddgicallystrongcase control studies (Lemaitre
2003, Rastod?004), and three prospective cohort stuivesyeremethodologicallgtrong
[Albert 2005; Mozaffaria003 and onevasmethodologically neutf&olsom and Demissie
2009). In additionthe NEL reviewethreestudies since 2008, includimg methodologically
strongcasecontrol study conducted in the US (Lema2d89), one methodologicalisong
prospectie cohort study covering 2,682 men in Finland (Virta66a)and one methodadically
strong systematic review of 14 randomized controlled trials, 25 prospective cohort studies, and 7
casecontrol studies (Wang006)

Lemaitre et al2009 reporedthat an increase in red blood cell membrane ALA corresponding
to 1 sardarddevaton was associated with @centigher risk of sudden cardiac arrest (odds
ratio = 1.32, 95% confidence interval: 11083) after adjusting for confalimg variables.
Virtanen et a(2009 found that red blood cell membrane ALA and intermediatencB&UFA
did not have any association with atrial fibrillation. Wan@€08l conclude from their systematic
review that increased intakex@ffatty acid$rom fish or fiskoil supplements, but not of ALA,
reduces the rates ofedluse mortalitgardiac and sudden death.

Two studies of persons with CVD were part of the 2008 ADA ré&maamethodologically
neutral randomizecontrolled trial (Bayli2003) and one methodologically neutrakccasel
study (De Lorgerill999) found a diet highplantderivedn3 fatty acids protective against
recurrence of myocardial infarction. Both stuied biomarkers. Baylin e(2003 found an
inverse relationship between adipose tissue ALA and risk of nonfatal acute myocardial infarction.
The great protection was found in those individuals who also had lotretadatty acids in
adipose tissuBtudy participants the top quintiles of adipose tissue ALA (0.72% of fatty acids)
had a lower risk of myocardial infarction than those in the tpwade (0.35% of fatty acids). The
difference in adipose tissue ALA corresponds to approximately 0.3 g per tiay oftdie. De
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Lorgeril et al(1999 found a decreased rate of cardiac death and nonfatal myocardial infarction in
those following a Btiterranean dieeksis a Western diet (1.24 vs. 4.07 per hundred patients per
year). The experimental group had a significantly lower intake of total lipids and SFA, and increased
intake of oleic acid, LA and ALA. The plasma concentratfdrAoAndDHA tended to be

inversely associated with recurrence of myocardial infarction.

Question 9. What are the Effects of Maternal Dietary Intake of n-3
Fatty Acids from Seafood on Breast Milk Composition and Health
Outcomes in Infants?

Conclusion

Moderate eviderdndicates that increased maternal dietary intake of longIRIRA, in
particular docosahexaenoic acid (DHA) from at least 2 servings of seafood per week, during
pregnancy and lactation is associated with increased DHA levels in breast milkveld nfiayort
health outcomes, such as visual acuity and cognitive development.

Implications

There has been controversy and concern over the consumption of fish during pregnancy and
lactation with regard to exposure of the fetus and infant to heavydoreiglthe most sensitive

period of neurodevelopment. The current evidence, however, favors consumption of fish for
pregnant and lactating women, particularly in the context of women making educated choices to
consume seafood that is high-Bhfatty acid and low in environmental pollutants. The benefits of

fish consumption are maximized with fatty fish high in EPA and DHA but low in methyl mercury.
These conclusions are consistent with those found in the discussion of seafood benefits and risks in
Part D.8: Food Safety and Technololye previously described modeling analysis of seafood
identified scenarios of type and quantity of fish that provide 250 mg per day of EPA + DHA.

Review of the Evidence

Since the 200BGAC report a number of organizatiadmsve rendered expert opinions on the
subject oft3 PUFA supplements during pregnancy and lactation, including a Cochrane Database
Systematic Review (Makrides, 2009), ADA Evidence Analysis Library review (Kaiser, 2008), and the
European Union Perinatapid Intake Working Group assessment (Koletzko, .Z08&’ 2010
DGAC reviewed these reports as welleckground paper by Brenna and Lapid¢2009),
which providedontext on the effects of supplemental-dmgnn-3 PUFA during pregnancy and
lactaton. This background paper coveredaP8omized controlled trials on supplemental DHA at
physiological and pharmacologic levels, and highlighted the benefits of maternal DHA consumption
on infant/child intelligence scores, amongrgtbsitive outcomes.
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For the purposes of this review, the DGAC excluded studies with longZFauk-A given
in osupplemento form (e.g. fish oil, cod Ilive
clinical trials during pregnancy and lactation from considehdgmnot included were breast
feeding versus infant formula feeding studies (before DHA addition), and studiesrofy@esus
full-term infants.

Overall, ninarticles were reviewsitice 200 determine the effect 03 fatty acids on
breast millkcomposition and infant health outcontdsere were sevemethodologically strong
prospective cohort studiesnducted in the US, Europe, and Canada in healthy women with low
risk pregnancies, healthy mother/infant pairs, or healthy children up toc®lyostisizes ranging
from 211 to 50,27@articipantgDrouillet, 2009; Hibbeln, 2007; Innis, 2001; Oken, 2005; Oken ,
2008a; Oken, 2008b; Olsen, 2006). In addition, the evidence muiugeihodologically strong
randomized controlled triafl 350 mothdmfant pairs in the US (Colombo, 20@4flone
methodologically stromgetaanalysisf 65 international studies (Brenna, 2007)

Theprospective cohort studies focused on maternal DHA consumption during pregnancy and,
overall, the evidence foenefits fom maternal DHA consumption during pregnamay/strong
Because randomized controlled trials with DHA supplements were excluded, there were fewer
studies on maternal DHA intatharinglactation. However, ostudy examined both pregnancy
and duration dbreastfeeding with improved infant cognitive outc@@ile=y 200®) and another
measured breastfeeding with associated DHA biomarkers in infants with improved cognitive
outcomeglnnis 200).

One prospective cohort stustyowed that low maternal fishake was associated with
increased risk of children being in the lowest quartile for verbal intelligence quotient (1Q), and
increased risk of suboptimal outcomes for fine motor skills and communication/social development
scoregHibbeln 2007. Hibbeln et & (2007) estimated incidence of suboptimal verbal 1Q in
children eight years of age as a function of maternal seafood consumption during pregnancy in
11875 womerThe study was conducted in British women and analysis controlled for 28 potentially
confoundng variables, such as birth weight, alcohol use during pregnancy andGnidkamgof
mothers reporting the highest seafood consumption, estimated using a food frequency questionnaire
and estimateat3 intake, were significantly less likely to stdne iowest quartile for verbal 1Q
compared to women who reported no seafood consumption during pregigane\C8.4)
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Figure [3.4. Effect oncK A f RWiBal IQ &fmaternal seafood consumptionduring pregnancy

Figure D3.4 shows prevalence of childeeh 1 K 2 ¢ @SNDBIf Lv | 002 NiRBAaifyZcids 2 Y23 KS|
from seafood Estimated maternal consumption of long chai3 fatty acids is expressed as proportion of total

calories (en %). Maternal seafood consumption was grouped into sixar&egmothers with no reported

consumption plus five equal groups of the remaining population. Means and 95% CI for proportion of children in

the lowest quartile for verbal 1Q.
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Source Hibbeln et al., 200Zancet Feb 17;369(9561):8785. Used with permission from Elsevier, publishefloé Lancet
Oxford, UK.

Two reports from Project VIVA on maternal seafood intake and infant cognition showed that
higher fish consumption in pregnancy was associated with better infant cognittbe, fisit
consumed resulted in higher mercury levels, théssasated with lower cognition. The visual
recognition memory scores were highest among infants of women who consumed more than two
weekly fish servings, but had mercury llgsthard.2ppm (Oken 200%. No benefitwas
associated with fish consumption of lesstihaservings per we¢®@ken 2008)

The effect of maternal fish consumption during pregnancy and duration of infant breastfeeding
on child developmental milestones in ppatits of the Danish National Birth Cohort showed that
higher maternal fish intake and greater duration of breastfeeding were associated with higher child
developmental scoresage$ and18 month@®ken 2008®). Related tanaternal fish consumption
and bomarkers durinactation, increased red blood cell phosphatidylethanolamine DHA in infants
was associated with improved visual acuity and speech pefioegi@D0).

Maternal fish consumption was also associated with improved perinatal outcomes. A
prospective cohort study in Denmahiowed that mean gestation length was shorter and odds of
preterm delivery were increaseslinjectsvho never consumed fistompared with those who

Report of the DGAC on the Dietary Guidelines for Americans, 20 10 D3-40



Part D. Section 3 : Fatty Acids and Cholesterol

consumed fish at least once per W@&den, 2006). studyof the EDBEN motherchild cohorin

France showed that high fish intake during pregnancy was not associated with increased fetal growth
but in a sukpopulation of overweight women, high fish intake was associated with increased fetal
growth and head circumfereiibeouillet 2009.

Onerandomized controlled triasing high DHA eggs (133 mg DHA/d) fed during pregnancy
showed infants with improved measures of visualdtantand attention span, compared to
mothers on low DHA egd€olombg 2004.

One metaanalys of 65 international studies measured distribution of DHA and arachidonic
acid (AA) concentrations in breast milk. Brenna(@08I7found that in mothers worldwideHA
concentrations were lower and more variable than AA concentrations in brédss mgkest
DHA concentrations were found in coastal populations and associated with seafood consumption.
Overall, compared to AA, breast milk DHA contesst more sensitive to dietary intake

CARDIOVASCULAR HEALTH EFFECTS RELATED TO CONSUMPTION
OF SPECIFIC FOODS HIGH IN FATTY ACIDS

Specific whole foods high in fat content were examined for effects on cardiovascular health
The two foods selected for inclusion are nuts and chocblateealth effects of consuming other
highfat, highcalorie foods, shas fulfat dairy products and meats are discussed in other chapters
(see, for exampleart D.2. Nutrient Adequagy

Question 10. What are the Health Effects Related to Consumption of
Nuts?

Conclusion

There is moderate evidence that consumption dfachpaanuts and tree nuts, specifically walnuts,
almonds, and pistachios, in the context of a nutritionally adequate diet and when total calorie intake
is held constant, has a favorable impact on cardiovascular disease risk factors, particularly serum
lipid levels.

Implications

Most nut consumption is in the form of peanuts, though tree nuts (walnuts, almonds, pecans,
pistachios) are frequently used in cooking and as snack foods. Peanuts are also an important source
of plantprotein. Many nuts (e.g. pets) almonds, cashews) are sold with added salt as snack foods;
thus, the recommendations for consumption are limited to unsalted nuts as a means to reduce
sodium intake. It also is important to note that nuts should be consumed in small portions, as they
are high in calories and can contribute to weight gain.
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Review of the Evidence

Background

Nuts are a commonly consumed food in the US, and certain varieties, such as peanuts, walnuts,

almonds, pecans, and pistachios, are often used in cooking and@sdsn@gakle [(3.12)

Peanuts and other nuts also are an important sopieatpiotein Table [8.13) SeePart D.

Section 4: Protefor additional information on the contribution of plant sources of protein to the
diet

In recent years, investigatoase examined tipetential cardiovascular benefgsociad
with certain foods high in faéfluts are a primary example of these fdelsause nuts, especially
peanuts, are so frequently consuiméiae USthe 2010 DGAC decided to review the evidemce o
thisissue

Table [3.12 Estimated mean daily intakes of tree nuts and peantitsy adults 20 years and over, US
20052006

Mean’ intake | Mean’energy | Mean energy
of nuts from nuts from nuts
Gender Sample size (grams) (kcal) (%)
Men 2163 9.7+0.87 57+5.2 22
Women 2357 5.6+0.51 34+3.1 1.9
All adults 4520 7.5£0.46 45+2.7 2.1

Yncludes tree nuts and peanuts eaten out of hand, either alone or in nuts mixtures containing dried fruits and/or seeds, and
peanut butter eaten alone or in sandwiches. Nuts ikdzhproducts, such as muffins and cakes, and nuts in candiemare
included.

2Meanztstandard error.

Source USDA, Agricultural Research Service, Food Surveys Research Group.2010. Tree nuts and peanuts. Available at
http://www.cnpp.usda.gov/Publications/DietaryGuidelineAccessed May 5, 2010.

Table [3.13 Nutrient composition of nuts per 1.5 ounces (43 g)

Energy | Total Saturated |MonounsaturatedPolyunsaturateq Protein
Type (kcal) fat (g) fatty acids (g) | fatty acids (g) | fatty acids (g) (9)
Almonds 254 225 1.7 14.3 54 9.4
Brazil nuts 279 28.2 6.4 104 8.8 6.1
Cashews 244 19.7 3.9 11.6 3.3 6.5
Hazelnuts 275 26.5 1.9 19.8 3.6 6.4
Macadamias 305 32.4 5.1 25.2 0.6 3.3
Peanuts 249 211 2.9 10.5 6.7 10.1
Pecans 302 31.6 2.7 18.7 8.7 4.0
Pistachios 243 19.6 2.4 10.3 5.9 9.1
Walnuts, Englisf 278 27.7 2.6 3.8 20.1 6.5

Source USDA, Agricultural Research Service, USDA Nutrient Data Laboratory. 2009. USDA National Nutrient Database for
Standard Reference, Release 22. Availablbtgd://www.ars.usda.gov/ba/bhnre/ndl
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Evidence Summary

TheNEL revieved the literature from 2000 and was informed by studiea fraavious
systematic reviesn almonds conducted by ®BA6 s Evi dence . Q¥aradll7ysi s Li b
studiesvere identified since 2000. These studies ind¢tudedethodologically strompgospective
cohort studiesonducted in the US and Europe ranging in cohort size from 6530918
participant¢BesRastrollo, 2007; B&astrollp 2009 Djousse, 2009; Li, 2008); andomized
controlled trialsonducted in the US ranging from 15 to 1p22dcipantgfour methodologically
strong (Sabate, 2005; SSkasado, 2008a, 2008b; WWgD03andsix methodologically neutral
(Gebauer, 2008; Griel, 2008; Kurlandsky and Stote, 2006; Okwtstie?008; Rajaram, 2009;
Sheridan, 2007gndthreemethodologically stromgviewsovering international randomized
controlled trialBaneland Hu, 2009; Mukuddeeterser2005 Phung, 2009). Thesestidies
were further subdivided based on studies of nuts in general (including peanuts) and studies of
specifidypes ohuts in particulaaind are listed belo®verall, this review provideddence that
consumption of nuts collectively and walnuts, almonds, and pistachio nuts individually, in the
context of a healthy diet and when calorie intake is constant, has a favorable impact on CVD risk
factors, particularly serum lipid levels. Theres@was strongest for walnuts. Insufficient evidence
was available to address the health effects of macadamia nuts or cashews.

Sixstudies on nuts in general, including peanuts, were reviewed to determéasdtthe
benefits Overall, the studies indied beneficial effects of nut consumption on intermediate
markers and CVD risk. These studies included one systematic review-aithlyseta
(MukudderrPeterser005 covering 13 randomized controlled trials that showed decreased total
and LDL cholestel in gudy participantsonsuming nuts compared to participants consuming
control diets. In two prospective cohort studies in high risk populations, one found that
consumption of at least 5 servings per week of nuts or peanut butter was significattyg ass
with lower total, LDL, notiDL cholesterol and apeB)0 concentrations, as well as a lower risk of
CVD (Li, 2009), and one showed that a Mediterranean diet high in nuts resulted in the most
significant improvement in inflammatory markers relagetitihelial function (Saldalvado,
2008). Two prospective cohort studies indicated that nut consumption (= or > 2 servings/week)
was associated with decreased incidence of weight gain and obBsistr{les 2007; Bes
Rastrollp 2009. Djousse andbtleagues found an inverse relationship between nut consumption
andhypertensioim leanparticipantsbut not in overweight or obgsaticipants n t he Physi ci
Health Study (Djousse, 2009).

For additional context regarding nuts in general, tweamaiesses demonstrated consistent
and dose@esponsive changes in coronary disease risk with increasing doses of nuts per month for
four prospective studidsris-Etherton, 2008; Saba2®09) Figure [B5).
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Figure 3.5. Frequency ohut consumption and coonary heart diseaseisk reduction in a dose
response manne
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Source Sabatél, Ang YAm J Clin Nut2009;89:16438.648SUsed with permission, American Society for Nutrition.

Evidence argsis was also conducted on specific types of nuts including almonds, walnuts,
macadamia nuts, and pistachios. Overall, studies showed that almond consumption improved total
cholesterol (Phung, 2009; Wein, 2003), decreased LDL cholesterol and the LDdh/#$Hral
ratio (Wein, 2003) or was neutral regarding LDL and LDL:HDL cholesterol ratio (Phung, 2009;
Kurlandsky and Stote, 2006). Regarding walnuts, studies showed that walnut consumption improved
total cholesterol, LDL cholesterol and the LDL:HDL chedekratio (Banal and Hu, 2009;

Rajaram, 2009; Olmedi#llonsg 2008. OlmedillaAlonso et al. (2008)und that meat products
with walnuts decreased body weilgbtvever, oneandomized crossover tifialind that a walnut
supplemented dietZ% energydm walnuts) providedore calorie per dagnd increasdabdy
weight andMI (Sabate, 2005). Eneagjusted results were not significant, indicating that care
must be taken to accommodate the caloric content of nuts in thagligt studies focused o
macadamia nuts (Griel, 2008) or pistachios (Sheridar; &0@dg 2008 showed that both
decreased total cholesterol, LDL cholestandlthe LDL:HDL cholesterol ratio.

Question 11. What are the Health Effects Related to Consumption of
Chocolate?

Conclusion

Moderate evidence suggests that modastimption of dark chocolate or cocoa is associated with
health benefits in the form of reduced CVD. Rsitential health benefits need to be balanced with
caloric intake.
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Implications

Chocolate as curtnconsumed is a small component of the total diet, and benefits or risks will

likely be minimal. Potential health effects need to be balanced with caloric intake, as chocolate is a
calorie dense product. The predominant fat in chocolate is steasibieleidas been shown to not

raise blood cholesterol. Different formulations of chocolate vary in their content of dairy fat, with
darker chocolate containing less dairy fat. Beneficial effects of chocolate have been attributed to
polyphenolic compounds,particular flavonoids. Many pHatsed foods contain polyphenolic
compounds and chocolate is a minor source. Formulations of chocolate are known to have different
polyphenolic profiles, and, 1 f thiferenifeemst he me
of chocolate may confer different benefits.

Review of the Evidence

The current evidence regarding chocolate and health outcomes fouse$yo flavonoids
as bioactive constituents of chocolatetlagid relation t&€€VD risk Flavonods are a subgroup of
polyphenols and within the flavonoid chemical hierarchy the3lals(ilaanols) are particularly
high in dark chocolate and caclze flavarB-ols in dark chocolate and cocoa are primarily
catechins, epicatechins (monomers) euygnidins (polymers)

A NEL search of the literature since 2000 identifieleof 13 studiethat addressed the
guestion ornealth effects of chocolate consumpfldmeemethodologically strorsystematic
revievg of international randomized corladltrials and prospective cohort studies (Desch, 2010;
Ding, 2006; Hooper, 2008) were identified. Eagidomized controlled trials conducted in the US,
Europe, Australia, and Japan, covering from 25 ma2®dpantsthat were methodologically
strong(Allen, 2008) and methodologically neutral (Baba, 2007; Crews, 2008;, Ra0igson
Farouque, 2008urlandskyandStote, 2008Vionaga2009; Tuabert, 2007) were identified. And
one methodologically strompgospective cohort study 876 males in thegtherlands (Buijsse
200§ andone methodologically neutpalpulatiorbased cassontrol studyonducted in Sweden
(Janszky, 2009) were included to address this question.

The systematic review and raetalysis by Desch et@010xovered 1@andomizd
controlled trialand showed that higlavanol chocolate or cocoa significantlgted systolic and
diastolic BP (Desch, 2018hoper et al. (2008) includeth@domized controlled triatstheir
metaanalysis and showed that dark chocolate or icopaeved flow mediated dilation both
acutely and cbnicallyDing et al. (2006) includedrahdomized controlled triglad 11
prospective cohostudiesand both flavonoids and stearic acid were examined for association with
intermeliate markers and C\uiitcomesOverall, theandomized controlled trimsggested that
cocoa and chocolate have beneficial effettf®od pressurenflammatory markers, aplatelet
function, serum HDL, and LDL oxidatiorhe prospective cohort studies showed that thed®n
in chocolate were positively assediatith decreased risk of CHD and myocardial infarction
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mortality. Overall, thevidence from these systdio reviews and medaalyses watrengthened
bythe consistency of findings across studies.

Therandomizd controlled trialg this evidence analysis were focused on flavonoids and
intermediate markers of CVD riSkudies showed that dark chocolate or cocoa consumption
decreased serum tathblesteroand LDLcholesterglincreased HDEholesterglddayed DL
oxidation (Bah&007), decreased serum triglycerides, and improved inflamméagon mar
(Kurlandsky and Stote, 2D0&owever, one study found no effect of dark chocolate consumption
on serunctholesterdevels (KurlandslandStote, 2006). RegardBig, dark chocolate or cocoa
consumption decreased systadbod pressure (Allen, 2008; Tuabert,)205stolikblood pressure
(Davidson2009, and decreased prevalesfdeypertension (Tuabe®007)However, one
randomized controlled tri@und noeffect of dark chocolate or cocoa consumptidniaod
pressure (Crews, 2008 more detailed analysis of inflammation markers showed that cocoa
consumption decreased monocyte expressiamudrous cell adhesion molecules (Monaga$, 2009
Additionally, igh-flavonol cocoa (versimv flavonol cocoa) increased flm@diated dilation, both
acutely and chronically, and reducedimeesistance (Davids&@008). Higtflavonol cocoa was
also tested imdividualsvith coronary artery disease and did notowepany markers of arterial
blood flow or inflaamation (Farouque, 2006).

The evidence regarding chocolate and CVD health outamesss relatively few
epidemiologic studiglverall, this evidence included populations in thEWw&pe Japanand
Austalia participating imoth primary prevention and, to a lesser extent, secondary prevention
studiesSample sizes ranged from relatively smnalbmized controlled tridts470participantsn
the Zutphen Elderly Study and 1,p&&icipantsn the SHEP study.

A prospective cohort study in the Netherlands examined cocoa intake and found it inversely
associated witilood pressurand CVD mortality in maferticipant$rom the Zutphen Eldér
Study (Buijsse, 2008\ populatiorbased cassontrol stugt assessed the effects of chocolate
consumption in patients with establisGelD in the Stockholm Heart Epidemiology Program
(SHEEP) wherpeople who had had myocardial infarctieere followed for 8eas. In this study,
chocolate consumption had a gigant inverse association with cardiac morgadinszky, 2009).

Chapter Summary

Dietary fatty acids and cholesterol are major determinants of two major causes of morbidity and
mortality in Americans, namely CVD and T2D. The health impacts of distandfcholesterol
are mediated through levels of serum lipids, lipoproteins, and other intermediary factors. The
consumption of harmful types and amounts of fatty acids and cholesterol has not changed
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appreciably since 1990. In order to reduce the populan 6 s bur den from CVD ar
risk factors, the preponderance of the evidence indicates beneficial health effects associated with:

1. Limiting saturated fatty acid intake to less than 7 percent of calories, replacing these calories
with those fom mona or polyunsaturated fatty acids, rather than carbohy@atesinterim
step toward this less than 7 percent goal, all individuals should immediately consume less than
10 percent of energy as saturated fats.

2. Limiting dietary cholesterol to ldsart 300 mg per day with further reductions of dietary
cholesterol to less than 200 mg per day in persons with or at high risk for CVD or T2D.

3. Avoidingtrangatty acids from industrial sources in the American diet, leaving small amounts
from trangatty aas from natural (ruminant) sources.

4. Redefining cholestenalising fats as saturated fats (exclusive of stearic atiasatty
acids, with a recommended daily intake of less peaoenf energy.

5. Consuming two servings of seafood per week @¢boked, edible seafood per serving) which
provide an average of 250 mg/dag8ffatty acids from marine sources.

6. Ensuring maternal dietary intake of long aRaifatty acids, in particular DHA, during
pregnancy and lactation through two or moxengg of seafood per week, with emphasis on
types of seafood highm8 fatty acids and with low methyl mercury content.

Needs for Future Research

Saturated Fatty acids

1. Determine the benefits and risks of MUFA vs. PUFA as an isocaloric substitut€$ee SFA
below). Confirm the metabolic pathways through which dietary SFA affect serum lipids,
especially as some SFA (e.g. stearic acid) do not appear to affect blood lipid levels.

Rationale: The growing data to support a risk of T2D from SFA consumptimaies the

need for famodified diets in persons with qliabetes, including those with metabolic

syndrome, and with established diabetes. Since the ages of onset of T2D now include childhood,
studies from adolescence through middle age would beaidefile when SFfeduced

diets would be most effective.

2. Conduct feeding studies using cholesterol from sources other than eggs and funded by non
industry sponsors. Conduct research on low and high risk consumers of dietary cholesterol and
determine aetter definition of hyp@and hyperesponders to dietary cholesterol, with
respective underlying genetic polymorphisms. Identify additional subgroups in which dietary
cholesterol appears especially harmful with regard to cardiovascular risk. .
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Rationale Most of the feeding studies with serum lipid and lipoprotein endpoints used eggs as
the primary source of cholesterol, and many of the studies were funded by industry. Since the
proportion of dietary cholesterol in the US diet supplied by eggs had tietdiss than 25

percent, feeding trials on other dietary sources of cholesterol would be useful. Persons with
T2D appear to be a subgroup in which dietary cholesterol is particularly harmful and better
understanding of the mechanisms and magnitud& ofauld be essential, as eggs are an
important, low fat source of protein in T2D patients.

Determineghe mechanism by which dietary MUFA improve serum lipids, glucose metabolism,
insulin leveldjomeostatic Model Assessment (HOM&gres, inflammatory rkars, and

blood pressure in both healthy persons and in persons with T2D. Studies of replacing
carbohydratesr other dietary fat with MUFA should include isocaloric substitutions, so as not
to be confounded by differences in energy.

Rationale:Understading the mechanism by which MUFA improve risk of CVD and T2D will
enhance our ability to make specific recommendations for MUFA consumption in healthy and
atrisk individuals.

Determine the mechanism by which dietary PUFA improve serum lipids, gluatosesmet

insulin levels, HOMA scores, inflammatory markers, and blood pressure in both healthy
persons and in persons with T2D. Studies of replacing carbohydrates or other dietary fat with
PUFA should include isocaloric substitutions, so as not to barabeddoy differences in

energy.

Rationale:Understanding the mechanism by which PUFA improve risk of CVD and T2D will
enhance our ability to make specific recommendations for PUFA consumption in healthy and
atrisk individuals. PUFA and MUFA have sirbiarefits as substitutes for SFA aaddatty

acids. Additional isocaloric comparisons of MUFA versus PUFA on metabolic intermediates
and especially on clinical outcomes are needed to differentiate these two classes of fatty acids.

Examine stearic adif its benefits as a solid fat, in contrast to liquid oils high in MUFA and
PUFA; include other potential metabolic effects of stearic acid, such as inflammation and
coagulation.

Rationale: The benefit of stearic acid is that it has a high meltirigapditherefore is solid at

room temperature, unlike other FAs which do not raise blood cholesterol (e.g. MUFA, PUFA).
Comparisons of intermediate markers and other effects of stearic acid versus MUFA and PUFA
would clarify ways that it could be best irsactalorie and nutriebalanced diets.

Characterize the difference in metabolic effects and intermediate markers between industrial
and ruminantrandatty acids.

Rationale: Since ruminant and industtraingatty acids have different chemicalcstires,
better characterization of their metabolic effects though further feeding studies would be
warranted.

Conduct randomized controlled trials and prospective observational studies in persons with and
without CVD on plant compared to manm@ fatly acids. Examine diets rich in pla8tfatty
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acids inndividualsvith and without adequate intaker3ffatty acids from marine sources.
Examine the mechanism of action of marine vs.rp8afdtty acids for synergies and/or
inhibition.

Rationale:Although therareconsistent data on the benefits-8ffatty acids from seafood
consumption, there is no research on comparing marine versusSgkthyt acids on
intermediate markers and CVD outcomes.

Investigate further the opposing interactiomsgif EPA and DHA versus high methyl

mercury, especially in dietary patterns in which these consumptions coexist. Investigate high
versus low DHAconsuming mothers and infants and the-temyg effects on intelligence and
other cognitive outcomes.

Rationale: All aspects of the risk to benefit ratio of consumption of EPA + DHA and methyl
mercury, both of which can be present in varying amounts in different types of seafood, should
be further elucidateBHA appears to be the active nutrient in seafooghtbaides benefits

in infant development. Further studies of the role of DHA in neurodevelopment and dose
response relationships between DHA and health/development outcomes would be useful.

Conduct randomized controlled trials comparing different typetsah intermediate
markers, such as serum lipids, and classify each specific type of nut as more or less associated
with CVD risk reduction.

Rationale: Additional randomized trials will be required over longer periods of time to
determine if nuts coarf longterm benefits. It is difficult to distinguish benefits to health and to
intermediate metabolites between different types of nuts.

Elucidate further the role of polyphenolic compounds as major active ingredients in the health
benefits of chocolatéest different chocolate formulations that are commonly consumed by
the general public.

Rationale:Many chocolate and cocoa studies used formulations of chocolate that are not
readily available to the consumer and were sponsored by industry. Irdetdentoe the

real health benefits of chocolate consumption, chocolate formulations that are available to, and
consumed by, the general public need to be tested.
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