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I. INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death

in the United States, accounting for more deaths per year

than all other causes. In the past 25 years, there has been

progress in reducing the number of deaths from CVD. For

example, CVD mortality rate has declined by 41% since the

early 1980s [1]. Despite this, medical treatments for cardiac

conditions have increased. In addition, hospital discharges

related to CVD are at an all-time high (>6,000,000 per

year). The American College of Cardiology recently pre-

dicted that by 2050 the number of Americans diagnosed

with CVD will double to 25 million [2]. Thus, despite the

progress that has been made in reducing death rates from

CVD, much remains to be achieved to decrease CVD risk,

which in turn will reduce onset and progression of CVD on

a population basis.

Prevention of CVD is a major public health goal. Accord-

ingly, intensive efforts are ongoing to decrease CVD risk

through the reduction of CVD risk factors in all population

groups. Risk factors are classified as nonmodifiable or mod-

ifiable [3]. Nonmodifiable risk factors include age and family

history. Major modifiable CVD risk factors include

elevated total cholesterol, low-density lipoprotein cholesterol

(LDL-C) and triglyceride (TG) levels, reduced high-density

lipoprotein cholesterol (HDL-C) levels, hypertension,

diabetes mellitus, and overweight and obesity. This chapter

focuses primarily on lipids and lipoproteins, a major modifi-

able CVD risk factor, and the role that diet can play in

reducing CVD risk via modifications in lipids and lipopro-

teins. Other major CVD risk factors are mentioned in this

chapter; however, they are discussed in greater detail else-

where in this book. Other increasingly important emerging

CVD risk factors that can be modified by diet include ele-

vated levels of lipoprotein (a); insulin; altered hemostatic

factors; C-reactive protein; cytokines and inflammatory med-

iators (e.g., interleukin [IL]-6, IL-7, IL-8, IL-18); and small,

dense LDL particles, among others. Thus, there is great

potential for further decreasing CVD by favorably modifying

multiple risk factors.

The importance of reducing major risk factors is illus-

trated by results from three large prospective studies

(Chicago Heart Association Detection Project in Industry,

Multiple Risk Factor Intervention Trial, and the Framing-

ham Heart Study), which reported that 87–100% of men

and women (ages 18–59 years) with at least one major risk

factor died from coronary heart disease (CHD) [4]. In

addition, another analysis of 112,458 patients with CHD

reported that 80–90% of the participants had one or more

major CVD factors [5]. It is important to note, however, that

other risk factors also contribute to the development of

CHD. This is best illustrated by the evidence that about

35% of CHD occurs in individuals with a total cholesterol

(TC) less than 200 mg/dl [6]. Thus, modifying as many

CVD risk factors as possible will have the greatest impact

on decreasing CVD risk.

The impact of lowering major coronary heart disease

risk factors has been reported in a recent analysis demon-

strating that approximately one-half of the decrease in CHD

in the United States between 1980 and 2000 can be attrib-

uted to reductions in total cholesterol, blood pressure, and

body mass index (BMI) [1]. The reduction in these major

risk factors is due to lifestyle and behavioral interventions,

as well as pharmacotherapy. Thus, diet can have a signifi-

cant impact on CVD risk factors, and, consequently,

healthy diet and lifestyle practices can markedly decrease

the risk for CHD.
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Diet has been a cornerstone in the management of heart

disease risk factors for more than 50 years. The American

Heart Association (AHA) published their first dietary

recommendations for CVD risk reduction in 1957 [7]. The

AHA updates dietary recommendations routinely as new

science emerges. Other groups such as the U.S. Department

of Agriculture (USDA), Health and Human Services

(HHS), National Cholesterol Education Program (NCEP),

American Dietetic Association (ADA), and the American

Diabetes Association continually update and publish diet

and lifestyle recommendations to reduce risk of chronic

diseases, including (or specifically focusing on) CVD.

Traditionally these organizations have made dietary

recommendations based on targeted nutrient levels

(e.g., <7 to <10% of energy from saturated fatty acids

[SFA]). Recently a more consumer-friendly approach has

evolved and food-based dietary recommendations have

been made (e.g., ‘‘Consume 3 cups per day of fat-free or

low fat milk or equivalent products’’ [8]). This change is

most notable in development of the MyPyramid.gov, the

new graphic for communicating the 2005 U.S. Dietary

Guidelines [9, 10]. These food-based recommendations

are based on macronutrient and micronutrient recommenda-

tions made by the National Academies (Dietary Reference

Intakes), as well as other organizations (e.g., NCEP). The

American Dietetic Association Evidence Analysis Library

on Disorders of Lipid Metabolism is an excellent summary

of the literature about the role of diet on lipid and lipopro-

tein risk factors, including dietary recommendations for the

management of CVD risk factors [11]. A food-based

approach that integrates all nutrient recommendations is

encouraged because it targets multiple CVD risk factors,

as well as many other chronic diseases. It is important to

note that this approach encompasses all dietary recommen-

dations and translates to a greater health benefit for the

population.

Historically dietary recommendations have focused on

modifying the type and amount of fat. However, modifying

the type and amount of carbohydrate and protein to lower

CVD risk factors has attracted recent attention. The reduc-

tion and replacement of SFA and trans fatty acids (TFA)

with unsaturated fat or carbohydrates is currently a widely

accepted approach for decreasing major CVD risk factors.

In addition, dietary protein is being considered as a sub-

stitute for SFA and TFA. The effects of protein on CVD is

becoming a more well-defined area as an increasing number

of studies are being performed that examine both type and

amount of protein. In the past decade, dietary recommenda-

tions have been made for other nutrients based on the

emerging evidence. For example, the cardioprotective ben-

efits of a diet rich in omega-3 fatty acids, both marine- and

plant-based, have been intensively studied, leading to spe-

cific dietary recommendations that have been made by

certain organizations. With respect to dietary carbohy-

drates, studies are being conducted to evaluate dietary

fiber, the glycemic index of carbohydrate-rich foods, and

how the glycemic load of the diet affects CVD risk factors.

Likewise, studies are ongoing to evaluate the physiological

effects of amount and type of animal protein and plant

protein on CVD risk.

This is an exciting era for gaining a better understanding

of how macronutrients, micronutrients, and other dietary

factors affect CVD risk, and thus it is not unreasonable to

speculate that more effective dietary approaches for reduc-

ing CVD risk will be identified in the future. This chapter

reviews the present understanding of how diet affects CVD

risk status via changes in plasma lipid and lipoproteins,

emerging physiological risk factors, and overall CVD-

related morbidity and mortality.

II. DIETARY FAT

A. Total Fat

A diet low in SFA (<7% of energy from SFA) continues to

be a major focus in the prevention and treatment of CVD.

Typically, reducing total fat has been a major strategy

recommended for decreasing SFA. Efforts are ongoing to

determine the optimal quantity of total dietary fat. Currently

the Dietary Reference Intakes (DRI) for Macronutrients

from the National Academies recommend 20–35% of

energy from fat for adults (>19 years old) [12]. The

NCEP recommends 25–35% of energy from fat, an amount

intended for the management of dyslipidemia (specifically

high TG and low HDL-C levels) [13].

The upper and lower ranges for total fat intake were

defined on the basis of achieving nutrient adequacy, as

well as the range considered optimal for health. The upper

range for total fat was set because SFA and energy intakes

have been shown to increase beyond recommended levels

when total fat exceeds 35% of energy [14–19]. Within the

context of the amount of total fat in the diet that meets

current recommendations, SFA, TFA, and cholesterol

should be reduced as much as possible and nutrient ade-

quacy should be met.

The lower range of the total fat recommendation was set

to achieve nutrient adequacy and meet essential fatty acid

requirements as well as promote compliance with the total

fat recommendation. Adherence to very low-fat diets

(<20% of energy) is problematic [20]. The decrease in

compliance commonly seen with reduced-fat diets was

most recently observed in the Women’s Health Initiative

Dietary Modification Trial (WHI) [21]. In this study, which

enrolled almost 49,000 women, the total fat intake goal of

20% of energy was not achieved. However, the low-fat

intervention group was able to decrease their total fat intake

by at least 9 percentage points (37.8% down to 28.8% of

energy), an average that was achieved after 6 years. Some

women were able to reduce total fat further. The WHI trial
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demonstrates that the total fat recommendations set by the

National Academies and NCEP are achievable.

B. Saturated Fatty Acids

Dietary recommendations have been made by numerous

government agencies and health care organizations for

SFA. All recommendations consistently advocate reduc-

tions in SFA. In 2005, the DRI Report [12] recommended

that SFA be a low as possible within the context of a

nutritionally adequate diet. Specific targets have been

recommended by the Dietary Guidelines for Americans,

2005 [22], the National Cholesterol Education Program

(NCEP) ATP III, and the American Heart Association

(AHA) in 2006. The Dietary Guidelines Report recom-

mends that SFA be less than 10% of energy. Further reduc-

tions are recommended for individuals with high TC and

LDL-C. Both the NCEP and the AHA recommend less than

7% of energy from SFA for the treatment of high LDL-C

levels and for the prevention of CVD, respectively.

The Seven Countries Study [23], a landmark epidemio-

logic investigation, demonstrated that SFA intake (as a

percent of energy) was positively correlated with serum

cholesterol levels as well as with 5-year incidence of

CHD. Many well-controlled clinical studies followed,

resulting in the development of blood cholesterol predictive

equations for estimating the changes in total cholesterol in

response to changes in type of fat and amount of dietary

cholesterol consumed. The original equations developed by

Keys et al. [24] and Hegsted et al. [25] demonstrated that

SFA was twice as potent in raising blood cholesterol levels

as polyunsaturated fat (PUFA) was in lowering cholesterol

levels. Monounsaturated fat (MUFA) was shown to have a

neutral effect and dietary cholesterol raised the blood cho-

lesterol level but less so than SFA. Other predictive equa-

tions have been developed for LDL-C and HDL-C [26–29].

The LDL-C response to fatty acid classes tracks with that

reported for TC.

Figure 1 reports the results of a meta-analysis of 60

studies in which carbohydrates were isoenergetically

replaced with different fatty acid classes (SFA, MUFA,

PUFA, TFA) and shows the relative effects on LDL-C,

HDL-C, and the TC:HDL-C ratio. SFA and TFA increase

LDL-C, and MUFA and PUFA decrease LDL-C, the latter

more so. All fatty acid classes except TFA increase HDL-C;

SFA is the most potent, PUFA is least potent, and MUFA

has an intermediate effect. Because SFA increases both

LDL-C and HDL-C, there is a slight increase in the

TC:HDL-C ratio. The TC:HDL-C ratio is most favorably

affected by unsaturated fatty acids, and PUFA more so than

MUFA because PUFA has a greater TC-lowering effect

than MUFA [30].

A positive dose-response relationship between SFA

intake, TC (Fig. 2), and LDL-C has also been reported in

meta-analyses by several investigators [12, 26]. Figure 2

includes data from 395 studies and displays the linear

relationship between SFA intake and total cholesterol

concentrations.

There is a modest dose-response effect of SFA on the

LDL:HDL-C ratio [31]. As shown in Figure 3, the increase

in the LDL:HDL-C ratio elicited by SFA is less than that

observed for TFA.

Recent studies also have evaluated the effects of indi-

vidual SFA on plasma lipids and lipoproteins (Fig. 4) [32].

The cholesterolemic effects of the individual SFA vary.

Lauric acid (C:12:0) has the most potent LDL-C and TC

raising effect. Because lauric acid increases HDL-C pro-

portionally more than it does LDL-C, a lowering of the

TC:HDL-C ratio is observed [32]. Stearic acid has a neutral

effect on LDL-C. However, results from the Nurses’ Health

Study have reported a high correlation between stearic acid

and other SFA in the diet, and therefore, distinguishing
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FIGURE 1 Predicted changes (n) in the

ratio of serum total to HDL cholesterol and

in LDL- and HDL-cholesterol concentrations

when carbohydrates constituting 1% of energy

are replaced isoenergetically with saturated,

cis monounsaturated, cis polyunsaturated, or

trans monounsaturated fatty acids. *p < 0.05.

þp < 0.01. ¥p < 0.001 [32]. Reprinted with

permission from the American Society of

Nutritional Sciences.
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between individual SFA should not be a major dietary

intervention in the treatment and prevention of CVD [33].

SFA also has been shown to have adverse effects on

various emerging CVD risk factors such as flow-mediated

dilation (FMD) of the brachial artery, cellular adhesion

molecules, and hemostatic factors. FMD is a measurement

of vascular reactivity commonly used to assess vascular

endothelial function. Decreases in FMD are indicative of

decreased vascular elasticity, which increases risk for CVD.

Both acute and chronic consumption of SFA have been

shown to adversely affect FMD. A single meal high in

SFA has been shown to significantly decrease FMD for up

to 6 hours [34]. With respect to chronic consumption of a

diet high in SFA, a recent free-living crossover (3 weeks

each diet period) study compared the effects of a diet that

provided varying levels of energy from SFA (19% of

energy), MUFA (19% of energy), PUFA (15% of energy),

or carbohydrates (68% of energy) on FMD and found that

the high-SFA diet significantly decreased FMD, indicating

an adverse effect compared to the other diets, which had no

appreciable effect [35].

Other important markers of vascular function are cellular

adhesion molecules. Cellular adhesion molecules (ICAM-1,

sICAM-1, VCAM-1, P-selectin, E-selectin) are compounds

found on the luminal blood vessel epithelium that bind

leukocytes and initiate the leukocyte-endothelial cell adhe-

sion cascade [36]. Increased levels of adhesion molecules

increase risk of myocardial infarction (MI) [37] and CVD

[37, 38]. The effects of SFA on cellular adhesion molecules

also have been examined in a postprandial setting. Subjects

were given a high-fat milk shake (1 g fat/kg body weight)

containing mainly SFA (89.6% SFA) or unsaturated fat

(8.8% SFA). Increased consumption of SFA at this single

meal significantly elevated the postprandial expression of

the adhesion molecules ICAM-1 and VCAM-1 for up to 6

hours [34]. Levels of another adhesion molecule, P-selectin,

which have been positively correlated with CVD, also have

been shown to increase following a diet high in SFA [35].

Compared to individuals on a Mediterranean-style diet, the

LDL-C particles from individuals on a high-SFA diet (20%

of energy) induce increased expression of VCAM-1 and

E-selectin [39]. Small reductions (–1.8% of total energy)

in dietary SFA also significantly decreased sICAM-1 in

hypercholesterolemic men and women [40].

Blood cholesterol = 4.89 + 0.067 (Saturated fat -15)
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FIGURE 2 Univariate multilevel regression slopes of blood total

cholesterol versus dietary saturated fat in metabolic ward experi-

ments. (The equations take account of which experiments were part

of the same study.) The dotted line represents a typical intake of

saturated fat (15% of dietary energy), and this is used as an intercept

for the regression equations. No adjustments are made for total

energy intake or any other aspects of experimental diets [26]. Rep-

rinted with permission from the British Journal of Medicine.
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Epidemiologic evidence from the Atherosclerosis Risk

in Communities Study [41] showed that a high intake of

total fat, SFA, and cholesterol was associated with higher

levels of factor VII and fibrinogen, two hemostatic factors

that play a role in blood clot formation and are CVD risk

factors. Likewise, in the Dietary Effects on Lipoproteins

and Thrombogenic Activity (DELTA) Study, a well-

controlled multicenter feeding study, investigators

reported that reductions in SFA led to decreased factor

VII levels [42]. Replacing SFA with MUFA has been

shown to significantly decrease factor VII in mildly

hypercholesterolemic subjects [43]. In a review on the

topic of fatty acids and hemostasis, SFA (namely,

C12–C16 SFA) was shown to be the main determinant

of factor VII activation over time [44]. Collectively, the

results from studies conducted to date provide a strong

rationale for current dietary guidance to decrease SFA.

The database for the recommendation to decrease TFA

also is convincing. Decreasing these two fatty acid classes

can be achieved in a variety of ways.

Strategies for reducing saturated fat that can be imple-

mented singly or in combination are as follows:

1. Replace energy from SFA and TFA with carbohydrate

energy sources—This is a common approach for re-

ducing total fat. The potential downside to this approach

is that replacing SFA with carbohydrate leads to a

decrease in HDL-C and often an increase in TG [45–47],

both of which increase risk of CVD. The increases in TG

can be attenuated when whole grain carbohydrates are

consumed, and when dietary fiber is increased [48].

2. Replace energy from SFA and TFA with unsaturated fat

energy sources—The addition of PUFA and MUFA to

the diet at the expense of SFA and TFA is an increas-

ingly common approach that is consistent with a

Mediterranean-style diet. When MUFA replace SFA,

plasma TG is decreased and HDL-C remains unchanged

or is decreased less compared with a high-carbohydrate,

reduced-fat diet [47, 49, 50].

3. Replace energy from SFA and TFA with protein energy

sources—There is a recent interest in replacing SFA and

TFA energy with dietary protein to prevent some of the

adverse effects that have been reported when dietary

carbohydrate replaces SFA and TFA [51].

4. Decrease energy from SFA and TFA—Decreasing SFA

and TFA without replacing energy with other macronu-

trients results in a reduction in total fat and energy,

yielding a diet that is reduced in total fat.

The evidence is compelling that SFA has a potent and

dose-response effect on TC and LDL-C. The individual

SFA elicit different effects, with C12:0–C16:0 being

hypercholesterolemic and stearic acid having a neutral

effect. However, because these fatty acids track together

in foods, the most prudent advice is to decrease total SFA to

recommended levels. SFA intakes should meet current

dietary recommendations within the context of a diet that

achieves nutritional adequacy and is consistent with recom-

mendations for total fat.

C. Unsaturated Fatty Acids

1. MONOUNSATURATED FATTY ACIDS

MUFA along with PUFA provide great flexibility in diet

planning because they are a vehicle for increasing total fat

and can be used to replace energy from SFA, TFA, or

carbohydrate. The current dietary recommendations from

the National Academies do not include specific recommen-

dations for MUFA, whereas the NCEP ATP III recom-

mends that MUFA can make up to 20% of total energy
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acid (16:0), or stearic acid (18:0).
*p< 0.001 [32]. Reprinted with per-

mission from the American Society of

Nutritional Sciences.
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[13]. The average MUFA intake among the adult popula-

tion provides about 15% of energy, whereas a high-MUFA

diet typically provides about 20–22% of energy. During the

past decade there has been a surge in research that exam-

ined the effects of using MUFA as a substitute for dietary

carbohydrate and SFA because of beneficial effects:

A moderate fat diet mediated CVD risk factors [47, 49].

MUFA have a slight LDL-C lowering effect, however, as

noted in the meta-analysis conducted by Mensink et al.

[32]; when MUFA are substituted for SFA and TFA, the

expected decrease in TC and LDL-C will be significant.

Replacing dietary carbohydrate with MUFA will decrease

TG and increase HDL-C [32, 51]. Figure 5 shows an

inverse-linear relationship between MUFA intake and

TC:HDL-C levels [8].

Inclusion of MUFA in the diet is commonly achieved

through the replacement of energy from SFA and/or

carbohydrate. A meta-analysis of 60 controlled trials

showed that the replacement of carbohydrate with MUFA

resulted in significant decreases in TC:HDL-C ratio as well

as LDL-C. This was accompanied by an increase in HDL-C

[32]. These effects were examined more recently in the

OmniHeart study. The OmniHeart study was a three-way

crossover (n = 164), controlled-feeding trial that compared

the effect of blood cholesterol-lowering diets that were

either high in carbohydrate, protein, or unsaturated

fats mostly MUFA on serum lipids and blood pressure

(Table 1) [51, 52].

The high-unsaturated-fat (predominately MUFA) diet

group experienced greater reductions in TG compared to

the high-carbohydrate group (–9.3 mg/dl versus 0.1 mg/dl),

LDL-C (–13.1 mg/dl versus –11.6 mg/dl), and TC (–15.4 mg/dl

versus –12.4 mg/dl). The high-unsaturated-fat diet group

also was the only diet group in which subjects did not

experience a reduction in HDL-C [51].

Evidence also suggests that MUFA may decrease sus-

ceptibility of LDL particles to oxidative modification, an

important initiating event in the development of athero-

sclerosis, thereby reducing the atherogenic potential of

LDL [53, 54]. High-MUFA diets have been shown to

increase the resistance of LDL to oxidation when compared

to a high-PUFA diet, low-fat/high-carbohydrate diet, the

average American diet, or the NCEP Step 1 diet (energy

distributed as 55% carbohydrate, 30% fat, and 15% protein)

[55, 56]. Moreover, a diet higher in total fat (and higher in

MUFA) versus a lower-fat diet has been shown to maintain

a larger LDL particle diameter [57, 58], which is important

because small, dense LDL has been identified as a risk

factor for CVD [59, 60].

There are conflicting views on the benefits of MUFA in

the prevention and treatment of cardiovascular disease
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TABLE 1 Macronutrient Comparisons of Three OmniHeart

Diets [51]

Diets

Carbohydrate Protein Unsaturated Fat

Diet composition,

kcal%

Fat 27 27 37

Saturated 6 6 6

Monounsaturated 13 13 21

Polyunsaturated 8 8 10

Carbohydrate 58 48 48

Protein 15 25 15

Meat 5.5 9 5.5

Dairy 4 4 4

Plant 5.5 12 5.5
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based on animal studies conducted by Rudel et al. [61].

Nonhuman primates were fed diets high in PUFA, MUFA,

or SFA. The lipid and lipoprotein responses were similar to

those reported for humans when diets high in PUFA,

MUFA, or SFA were consumed. On the high-MUFA diet,

nonhuman primates developed atherosclerosis similar to

that observed for a high-SFA diet. The high-PUFA diet

showed decreased atherosclerosis compared to the other

two diet groups. More recently it was demonstrated in the

mouse model that a diet high in MUFA leads to a greater

formation of oleoyl-CoA and an increase in ACAT2-

derived cholesteryl oleate. These results suggest that the

potential atherogenic effects of a MUFA-rich diet are due to

an increase in monounsaturated cholesterol esters in LDL

particles [62].

In summary, the incorporation of MUFA into a heart-

healthy diet appears to have favorable effects on some

important risk factors for heart disease, including lipids

and lipoproteins, oxidized lipids, and blood pressure in

healthy individuals and persons with diabetes. On the

other hand, results from some animal studies suggesting

adverse effects indicate that more research comparing the

effects of MUFA and PUFA is needed to determine the

optimal ratio of these important unsaturated fats in relation

to the total fat content of the diet to maximally reduce CVD

risk.

2. TRANS FATTY ACIDS

TFA are unsaturated fatty acids (mono- or poly- in the case

of conjugated linoleic acid) with trans stereochemistry con-

figuration of the double bonds. TFA have two main origins:

ruminant animals and industrial production. The ruminant-

produced TFA vaccenic acid (C18:1 D11t) is a precursor to

conjugated linoleic acid (CLA). Because of the substantive

evidence base, industrially produced TFA and their effects

on CVD risk will be emphasized. The DRI report recom-

mended that TFA intake be kept as low as possible as any

increase in TFA intake will negatively impact CVD risk

[12]. NCEP ATP III also recommends that TFA consump-

tion be kept as low as possible while the AHA recommends

that TFA intake be kept at 1% of energy or below [63].

Industrially produced TFA is made by the hydrogenation

of unsaturated vegetable oils. The use of TFA became very

popular in the mid-twentieth century when public health

recommendations encouraged people to decrease their ani-

mal fat and tropical oil intakes. However, research that

started in the early 1990s demonstrated numerous adverse

effects of TFA [64, 65].

The adverse cardiovascular effects of TFA have been

demonstrated in epidemiologic and clinical trials. In the

Seven Countries Study, higher CHD mortality rates were

observed in countries with greater TFA consumption

(northern European countries versus Japan and Mediterra-

nean countries) [66]. Other epidemiologic studies such

as the Nurses’ Health Study [67], a population-based

case-control study [68], and Zutphen Elderly Study [69]

also showed an increased risk of CHD with increased intake

of TFA.

An analysis that included 140,000 subjects, pooled from

several studies, concluded that a 2% increase in energy

from TFA was associated with 23% increase in incidence

of CHD [70]. One large case-control study found an asso-

ciation between erythrocyte TFA levels and sudden death

(odds ratio = 1.47) [68].

TFA elicit both similar and different lipid and lipopro-

tein responses compared to SFA. SFA has consistently

increased both LDL-C and HDL-C, whereas TFA increased

LDL-C but decreased HDL-C, compared to SFA [65]

(Fig. 4). Thus, SFA increase the LDL:HDL-C ratio mod-

estly, whereas TFA increase the ratio appreciably, that is,

towards a more atherogenic profile. Figure 1, from a meta-

analysis of 60 controlled trials, displays the potent effect

TFAs has on increasing LDL-C [32].

TFA intakes as low as 1–3% of total energy (current

consumption is 2.6% of energy) adversely affect many

CVD risk factors beyond increasing LDL-C [71] such as

increasing inflammatory markers and decreasing endothe-

lial function [70]. Thus, as a result of the evidence base, it is

clear that TFA should be reduced in the diet. Because of the

adverse effects that TFA has on CVD risk factors and

positive association with CVD morbidity and mortality,

the AHA has actively disseminated information about the

health effects of TFA. Central to this is sharing information

about the development of alternative fats and oils devoid of

TFA that have acceptable functional properties and sensory

characteristics and do not increase CVD risk [64].

D. Polyunsaturated Fatty Acids

Polyunsaturated fats are long-chain fatty acids that contain

more than one double bond. There are two major classes of

PUFA that are defined by the position of the first double

bond relative to the methyl terminus; omega-6 (n-6 FA) and

omega-3 (n-3 FA) fatty acids. There is a large evidence

base demonstrating benefits of PUFA on CVD risk and risk

factors.

1. OMEGA-6 FATTY ACIDS

Linoleic acid (LA) is an essential fatty acid. The major

source of LA in the diet is vegetable oil. Intakes of LA

have almost doubled from the 1930s (3% of energy) to the

present (5–6% of energy) in the United States and Canada

[72]. The adequate intake (AI) for LA is 17 g/day and 12 g/

day for men and women, respectively, between 19 and 50

years of age [12]. The Acceptable Macronutrient Distribu-

tion Range (AMDR) for n-6 FA (LA) is 5–10% of total

energy. The lower range of the AMDR for LA is the AI.

The upper range of PUFA intake set by the DRI Committee

and Dietary Guidelines [8] because it represents the upper

range of PUFA consumption in the United States. The
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NCEP ATP III guidelines also recommend up to 10% of

energy from PUFA [13].

Predictive equations developed by Keys et al. [23] and

Hegsted et al. [25] showed that a 1% increase in energy

from PUFA resulted in a 0.9 mg/dl decrease in TC. Replac-

ing of carbohydrate calories with PUFA increases HDL-C

[32], but less than was observed for MUFA. PUFA intake

also decreases the TC:HDL-C ratio. Three early controlled

trials verified the cardioprotective effects of PUFA as

observed by Keys et al. and Hegsted et al. [73]. The Oslo

Heart Study [74], the Finnish Mental Hospital Study [75],

and the Wadsworth Hospital and Veterans Administration

Center in Los Angeles Study [76] all observed marked

hypocholesterolemic effects of diets very high in PUFA

from vegetable oils. Importantly, in two of these studies

[75, 76], the cholesterol-lowering response was associated

with a reduction in the incidence of CVD (16–34%).

The Nurses’ Health Study reported a dose-response rela-

tionship regarding CVD risk and PUFA intake with the

highest quintile of intake (6.4% of energy) conferring

approximately a 30% reduction in risk [77]. A review [78]

of the influence of PUFA on CVD concluded that there are

beneficial effects of PUFA intakes above the recommended

intake range (14–21% of energy); thus more research is

needed to determine the optimal level of PUFA in the diet.

There is some concern that n-6 fatty acids may have

adverse health effects because of their increased suscep-

tibility to oxidation and the impact that high intakes have on

n-3 fatty acid status and inflammation [79]. However, many

long-term clinical studies have shown that increased PUFA

intakes have a beneficial effect on CVD risk, and thus the

impact of increased susceptibility to oxidation is unlikely if

the diet provides ample antioxidants [73, 75, 80].

Concern also has been expressed because of the possi-

bility that higher consumption of n-6 fatty acids will

inhibit metabolism of n-3 fatty acids. This concern stems

from n-3 and n-6 fatty acids sharing common enzymatic

and metabolic pathways en route to eicosanoid synthesis

(Fig. 6).

The impact of higher intakes of n-6 fatty acids on

metabolism of n-3 fatty acids is hypothesized to occur in two

areas. First, the increased LA levels can interfere with the

formation of eicosapentaenoic acid from the alpha-

linolenic acid because LA uses the same desaturase and elon-

gase enzymes to form arachidonic acid. The second area is the

direct formation of eicosanoids. Arachidonic acid, eicosapen-

taenoic acid, and docosahexaenoic acid all occupy space in the

lipid bilayers of cellular membranes. It is hypothesized that

increased levels of n-6 fatty acids and decreased levels of n-3

fatty acids will lead to more n-6 fatty acids being used for

eicosanoid synthesis, leading to an increased production of

proinflammatory molecules. However, it has been argued that

the ratio of n-6 to n-3 fatty acids is not as important as the total

amount of n-3 fatty acids [81]. A review of the results from the

Health Professionals Follow-up Study based on information

from 45,722 men concluded that irrespective of background

n-6 fatty acid intake, increased consumption of n-3 fatty acids

reduced risk of CVD [82].

n-6 fatty acids have been shown to have great benefit in

reducing CVD risk factors and CVD events. The public

health message regarding n-6 PUFA consumption should

not be to decrease intake, but rather to achieve the recom-

mended intake (5–10% of energy). More research is needed

to examine the health effects and safety of PUFA intake

above 10% of energy.

2. OMEGA-3 FATTY ACIDS

The two main sources of n-3 fatty acids are either plant

derived or marine derived and have unique benefits with

respect to CVD risk factors. Alpha-linolenic acid (ALA,

Δ6-desaturase

Δ5-desaturase

Δ6-desaturase

peroxisomal oxidation

elongase

elongase

elongase

eicosanoids

eicosanoids

22:5 (DPA) 22:6 (DHA) resolvins

n-6 n-3

18:3 (ALA)

18-4

20:4

20:5 (EPA)

22:5 (DPA)

24:5

24:6

eicosanoids, resolvins

18:2 (LA)

18:3 (GLA)

20:3 (DGLA)

20:4 (ARA)

22:4

24:4

24:5

FIGURE 6 Biochemical pathway for the

interconversion of n-6 and n-3 fatty acids.

ALA, (alpha)-linolenic acid; ARA, arachi-

donic acid; DGLA, dihomo-g-linolenic acid;

DHA, docosahexaenoic acid; DPA, docosa-

pentaenoic acid; EPA, eicosapentaenoic acid;

GLA, (gamma)-linolenic acid; LA, linoleic

acid [85]. Reprinted with permission from

the American Society of Nutritional Sciences.
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C18:3) is the major plant-derived n-3 fatty acid. The two

major marine-derived omega-3 fatty acids are eicosapen-

taenoic acid (EPA, C20:5) and docosahexaenoic acid

(DHA, C22:6). Fatty fish are the main source of EPA and

DHA in the diet; these fatty acids are synthesized by cold

water algae which are part of the food chain consumed by

fish [83, 84]. ALA, commonly found in flax/flaxseed oil,

canola oil, walnuts/walnut oil, and soybean oil, can undergo

a series of elongations and desaturations by the body to

yield both EPA and DHA (Fig. 6); however, these conver-

sion rates are low, especially for DHA [85–88]. ALA is an

essential fatty acid. The AI for individuals aged between 19

and 50 years for linolenic acid is 1.6 g/day and 1.1 g/day for

men and women, respectively. The AMDR for ALA is

0.6–1.2% of total energy. It is recommended that up to

10% of the AMDR for ALA can be consumed as EPA

and/or DHA [8]. Recommendations for EPA and DHA for

the primary prevention of CVD from the United Kingdom

Scientific Advisory Committee [89], Dietary Guidelines

Advisory Committee [8], and the National Heart Founda-

tion of Australia [90] are to consume 450–500 mg EPA and

DHA per day.

The AHA has both food-based and nutrient-based

recommendations (Table 2) [91] regarding n-3 FA, and

specifically EPA and DHA. In a Science Advisory pub-

lished in 2003, the AHA made recommendations for n-3

fatty acids for individuals without heart disease, patients

with documented CHD, and patients with hypertriglyceri-

demia. The AHA Diet and Lifestyle Recommendations

Revision 2006 recommend that people eat two servings

(4 oz-each) of fatty fish weekly. This is the equivalent of

500 mg/day of EPA and DHA. The NCEP ATP III did not

make specific n-3 fatty acid recommendations but endorsed

those made by the AHA in 2002 [91].

2.1. Alpha-Linolenic Acid

Observational studies have shown cardioprotective effects

of ALA on risk of coronary morbidity and mortality. The

Nurses’ Health Study reported a 30% reduction in the

relative risk of fatal coronary heart disease in individuals

who consumed more than 1 gram of ALA per day [92]. In a

subset of participants from the Cardiovascular Health

Study, consumption of tuna or other broiled or baked fish

assessed with a food frequency was found to correlate with

plasma phospholipid long-chain n-3 fatty acid levels.

Among the entire cohort of 4775 adults 65 years or older

followed for 12 years, tuna and other fish consumption was

associated with a 27% lower risk of ischemic stroke with

intake of one to four times per week compared with an

intake of less than once per month [93]. In the Iowa

Women’s Health Study, the highest tertile of ALA intake

was associated with a 15% reduction in total mortality [94].

Finally, in a secondary analysis of the 24-hour recall data

from the Multiple Risk Factor Intervention Trial (MRFIT),

a primary prevention study that examined the effects of

reducing elevated serum cholesterol and diastolic blood

pressure along with smoking cessation on CHD mortality,

observed that the highest quintile of ALA intake, 2.81 g/

day, yielded a multivariate-adjusted relative risk for all-

cause mortality of 0.67 [95].

The Lyon Diet Heart Study is the largest clinical trial to

examine the effects of ALA on CVD [96, 97]. In this

randomized secondary prevention trial, an AHA Step 1

Mediterranean dietary pattern (high in ALA) reduced car-

diac death and nonfatal MI by approximately 70%, and all

coronary events by about 50% despite no improvement in

lipids and lipoproteins. The authors attributed the benefits

to the 68% increase in ALA intake (�1.7 g/day) compared

to the control group. On the other hand, the AHA Science

Advisory suggested that other differences between the two

diet groups could have played a role in the reduction in

CVD risk observed in the Lyon Diet Heart Study [98]. For

example, in the Lyon Diet Heart Study, subjects in the

experimental group were instructed to adopt a Mediterra-

nean-type diet that contained more bread, root vegetables,

and green vegetables, fish, fruit at least once daily, less red

meat (replaced with poultry), and margarine supplied by the

Study to replace butter and cream.

Despite the beneficial effects of ALA on coronary dis-

ease risk seen in observational studies and in the Lyon Diet

Heart Study, a recent review questioned the cardiovascular

benefits of plant-derived n-3 fatty acids, stating that there

‘‘was no high quality evidence to support the beneficial

effects of ALA’’ with respect to eliciting reductions in all-

cause mortality, cardiac and sudden death, and stroke [99].

The majority of evidence comes from epidemiologic data,

and the one controlled clinical study conducted to date did

TABLE 2 Summary of AHA Recommendations for Omega-3

Fatty Acid Intake [91]

Population Recommendation

Patients without documented

coronary heart disease

(CHD)

Eat a variety of (preferably fatty)

fish at least twice a week.

Include oils and foods rich in

alpha-linolenic acid (flaxseed,

canola and soybean oils;

flaxseed and walnuts).

Patients with documented

CHD

Consume about 1 g of

EPAþDHA per day,

preferably from fatty fish.

EPAþDHA in capsule form

could be considered in

consultation with the

physician.

Patients who need to lower

triglycerides

2 to 4 g of EPAþDHA per day

provided as capsules under a

physician’s care.
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not specifically evaluate ALA effects. More high-quality clin-

ical trials are needed that examine the effects of ALA on CVD

outcomes before definite conclusions can be drawn regarding

its role in the treatment and prevention of heart disease.

2.2. Eicosapentaenoic Acid and Docosahexaenoic

Acid

The 1970s marked the beginning of an extensive scientific

evaluation of the role of n-3 fatty acids in the development

of CVD. The seminal studies of Dyerberg et al. [100] noted

that coronary atherosclerotic disease was rare in Greenland

Eskimos and prevalent in a Danish population. These scien-

tists attributed this difference in the incidence of CHD to

the high intake of marine oils by the Eskimos and, in

particular, EPA and DHA. During the past 30 years numer-

ous studies have demonstrated that these fatty acids may

confer cardioprotective effects via multiple mechanisms of

action. As shown in Figure 7, the effects of EPA and DHA

on clinical outcomes (e.g., antiarrhythmic, TG-lowering,

BP-lowering) occur in a time-dependent manner. Of impor-

tance is that the antiarrhythmic effect is achieved at rela-

tively low doses of EPA and DHA. This is clinically

important as arrhythmias are the cause of sudden cardiac

death, the leading cause of cardiac death in the United

States [101]. The effects of EPA and DHA on lowering

TG, heart rate, and blood pressure all occur within months

to years at doses that are consistent with current dietary

recommendations. Fish and/or fish oil consumption has

consistently been shown to reduce CHD death (�35%),

CHD sudden death (�50%), and ischemic stroke (�30%).

Modest benefits of fish and/or fish oil consumption also

have been observed in regard to nonfatal MI, delayed pro-

gression of atherosclerosis, recurrent ventricular tachyar-

rhythmias, and postangioplasty restenosis [102].

Several large epidemiologic studies have demonstrated

EPA and DHA intakes of 250–500 mg/day yield significant

reductions in CHD mortality and sudden death [102].

Researchers have suggested that there is a threshold of

effect where intakes above 900 mg/day do not elicit a

greater decrease in risk [93, 102, 103]. The beneficial

effects of increased EPA and DHA intake in the prevention

of CVD have been examined in both primary and secondary

prevention populations.

The results from the MRFIT trial found that individuals

in the highest quintile of EPA and DHA had a 40%

reduction in risk from cardiac death [104]; Data from the

Nurses’ Health Study showed that women in the highest

quintile of EPA and DHA intake had a 31% lower risk of

heart attack than those in the lowest quintile [105]. Parti-

cipants in the Physicians Health Study who consumed

fatty fish at least once a month had a �50% reduction in

risk of sudden death from MI; however, no associations

between fish intake and reduction in incidence of MI were

found [106]. Not all primary prevention studies have

found a benefit of an increased intake of EPA and DHA.

A 6-year prospective study from Finland, which included

21,930 men, found no benefit to EPA and DHA or ALA in

reducing cardiac death [107]. The researchers questioned

the external validity of these findings because the subjects

were mainly middle-aged, smoking men, with high intakes

of dietary fat. Also, this study was conducted in an area in
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FIGURE 7 Schema of potential dose responses and time courses for altering clinical events of physiologic effects of fish or fish oil intake

[102]. Reprinted with permission from the American Medical Association.
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which mercury intake from fish is known to be high.

Mercury levels can increase CVD risk and were not con-

trolled for in the analysis.

There have been three large secondary prevention inter-

vention studies where patients with CHD were given die-

tary advice to consume at least two servings of fatty fish a

week (200–400 grams of fish) or given supplemental fish

oil capsules (850 mg EPA and DHA and 1800 mg EPA).

These interventions resulted in a 21–29% reduction in all-

cause mortality [108], 45% reduction in sudden death from

MI [108, 109], and 19% reduction in all coronary events

[110].

Despite the significant evidence base reporting benefits

of fish consumption in many populations, other studies have

revealed that not all populations benefit from increased

EPA and DHA consumption [111–114]. The Diet and Rein-

farction Trial 2 (DART-2), a randomized clinical trial of

patients with angina, was conducted to determine if fish or

fish oil consumption would reduce risk of cardiac and

sudden-death end points. The DART-2 Trial showed sig-

nificantly higher mortality rates from sudden and cardiac

death. The findings have been questioned because it is not

clear how carefully subjects adhered to advice regarding

increased fish consumption. In this trial, serum EPA levels

were only measured in a small subset (n = 39) of the sub-

jects at 6 months into the study [78].

The benefits of fish oil supplementation have been ques-

tioned in patients with implanted cardioverter/defibrillators

(ICDs). Three fish-oil supplementation trials have been

conducted in this population with mixed results. One trial

found a significant trend favoring the use of fish-oil supple-

mentation to prevent fatal ventricular arrhythmias; how-

ever, there was not enough statistical power to yield a

significant result [115]. Another trial found that fish-oil

supplementation did not reduce the risk of ventricular fibril-

lation/ventricular tachycardia and a potential adverse effect

was seen in individuals with an ejection fraction less than

40% [114]. Finally, in the most recent trial, the Study on

Omega-3 Fatty Acids and Ventricular Arrhythmia (SOFA),

a protective effect attributed to fish-oil supplementation

was not found in patients with ICDs [116]. Because of the

discordant findings regarding increased EPA and DHA

intake and patients with angina or ICDs, further studies

are warranted.

Fish oil also has a marked hypotriglyceridemic effect in

individuals with normal or elevated TG levels (‡ 2 mmol/l).

A review of 21 studies that examined the effects of fish

or fish oil on lipids and lipoproteins concluded that

while the effects of EPA and DHA (0.1–5.4 g/day) on

TC, LDL-C, and HDL-C are modest, TGs were reduced

an average of 15%. TG were reduced with fish intakes as

low as 0.9 servings per day, as high as 5.4 g/day, and with

the greatest effect occurring when intake of EPA and DHA

was greater than or equal to 2.6 g/day [117]. Also from

this analysis, a dose-response relationship was reported.

For every 1 g/day of fish oil, TG levels decreased 8 mg/dl.

Individuals with elevated TG are more responsive to the

TG-lowering effects of fish oil [118]; for every 10 mg/dl

increase in baseline TG levels there was an additional

1.6 mg/dl decrease in TG with the consumption of EPA

and DHA.

The effects of n-3 FA consumption on LDL-C levels

were evaluated by the Agency for Healthcare Research

and Quality of the U.S. Department of Health and Human

Services. Data from 15 randomized clinical trials showed

that n-3 FA consumption (ranging from 45 mg to 5.4 g of

fish oil) led to a net increase of 10 mg/dl in LDL-C [119].

The increase in LDL-C levels may be due partly to an

increase in LDL-C size as some [121, 122], but not all

[120] studies have shown an increase in LDL-C particle

size. It has been proposed that the change in LDL-C particle

size relates to a patient’s starting LDL-C particle size.

Individuals with a Pattern B phenotype, defined as having

a higher amount of small, dense LDL-C particles, will

respond to fish oil supplementation with an increase

LDL-C particle size, whereas individuals without this

phenotype will not [120]. Fish-oil supplements can be an

effective treatment for patients with hypertriglyceridemia,

although monitoring by a physician is essential to ensure

that LDL-C levels are closely observed [91].

One area of concern when recommending increased fish

intake pertains to the issue of environmental contaminants

such as mercury (Fig. 8). A majority of the fatty fish con-

sumed are smaller with a shorter lifespan and thus have

lower mercury concentrations than larger, longer-lived fish

such as shark and swordfish [102]. It is also important to

note that high consumption of certain lean fish high in

mercury plays an important role in increased mercury accu-

mulation in humans [123]. Therefore, emphasis on high

omega-3 fatty acid fish (that is low in mercury) is

recommended.

There have been two studies that observed higher risk of

CVD with increased mercury intake; however, fish con-

sumption in these situations still was cardioprotective

[124, 125]. Moreover, recent reports describe the benefits

of fish consumption far outweigh the risks [102, 124, 125].

Another strategy for increasing EPA and DHA consump-

tion is fish-oil supplements as they are cost effective, con-

venient, and contain negligible quantities of environmental

contaminants [126]. This is a strategy recommended for

individuals who do not eat fish or those who need high

doses of marine-derived omega-3 fatty acids. The best

guidance is to follow FDA guidelines as well as state and

local advisories for safe fish consumption.

In conclusion, long-chain n-3 fatty acids have been

shown to have significant cardioprotective benefits in

observational studies and secondary prevention trials. This

research supports current dietary recommendations for two

fish meals per week, preferably fatty fish. The efficacy of

EPA and DHA in primary prevention along with the
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cardioprotective effects of ALA need to be clarified and

explored further via randomized clinical trials.

III. DIETARY CARBOHYDRATE

The RDA for glucose is 130 g/day. This level of consump-

tion is enough to prevent ketosis and provide enough glu-

cose to the brain for proper function. The AMDR for

carbohydrate is 45–65% of total energy, with no more

than 25% of total energy coming from added sugar [12].

The 2005 Dietary Guidelines for Americans do not recom-

mend specific intakes for added sugar, but rather recom-

mend choosing and preparing foods and beverages with

little added sugar; the Guidelines also suggest a discretion-

ary allowance for various energy levels (e.g., 32 g/day

[8 tsp] suggested for a 2000-kcal diet) [22]. The NCEP

ATP III [13] recommends that 50–60% of energy come

from carbohydrate.

When discussing different types of carbohydrates, scien-

tists historically used the terms complex versus simple car-

bohydrates. We have some understanding of the role of

some carbohydrate food sources in CVD risk; thus this

simple terminology needs further explanation. Many foods

that are included in a high-carbohydrate diet, such as fruits

and vegetables, breads and cereals, and legumes, contain

multiple compounds that could favorably affect CVD risk.

In this section, a few of the active areas of scientific inves-

tigation associated with carbohydrate and reduction of CVD

risk are covered, including low-carbohydrate diets and the

role of glycemic index, dietary fiber, and soluble fiber.

A. High-Carbohydrate, Low-Fat Diets

Replacing energy from SFA with carbohydrate is one strat-

egy for reducing SFA to decrease LDL-C. The resulting

high-carbohydrate, low-fat diet, when not accompanied by

weight loss, decreases HDL-C and typically increases TG,

especially on low-fiber diets [127]. This is particularly

problematic for people with insulin resistance and accom-

panying dyslipidemia characterized by low HDL-C and

elevated TG [128]. A high-carbohydrate, low-fat diet also

has been shown to increase plasma glucose and insulin in

individuals with type 2 diabetes [129] and healthy women

[130]. On the other hand, it can be argued that a high-

carbohydrate, low-fat diet facilitates a reduction in energy

intake [131] and promotes weight loss [132]. In the

Women’s Health Initiative Dietary Modification Trial

[21], subjects in the intervention group who were instructed

on a diet that provided 20% of energy from fat maintained a

lower weight (1.9 kg, p< 0.001) during an average 7.5

years follow-up period than did women in the control

group. In this study, it is important to point out that the

women did not achieve the 20% energy as fat target and
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FIGURE 8 Comparison of EPA and DHA

content of fish with methyl mercury levels

(3-oz serving) [10, 288].
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consumed 29.8% of energy from fat. However, they did

decrease total fat intake from 38.8% of energy. An extreme

reduction in fat (10% energy) and thus a much higher

carbohydrate (70–80%) diet has been advocated by some

[134]. This latter approach has been shown to be effective

when combined with other intensive lifestyle changes (e.g.,

stress management and aerobic exercise), in achieving

athero-regression as measured by percent change in dia-

meter stenosis [135]. Unfortunately, very low fat diets can

be very hard to follow in free-living situations, and com-

pliance with the diet significantly decreases over time (by

50%) [20].

A higher carbohydrate diet does not always increase TG

levels. The OmniHeart Trial [51] and Dietary Approaches

to Stop Hypertension (DASH) Diet studies [136, 137] both

provided diets relatively high in carbohydrate (58% of

energy), and no significant increase in TG was observed.

This is most likely due to the type of carbohydrate con-

sumed as well as dietary fiber. The diets tested in the Omni-

Heart Trial and DASH Diet studies were high in fruits,

vegetables, and whole grains, which yielded diets containing

at least 30 grams of fiber/day (2100-kcaldiet) [48].

B. Low-Carbohydrate Diets

Although low-carbohydrate diets have been around for dec-

ades, it has only been recently that their popularity has

increased, principally for both weight loss and, in turn,

prevention of cardiovascular disease. There is no standard

definition of a low-carbohydrate diet, but it is generally

accepted when a diet contains less than 50 grams of carbo-

hydrate or less than 10% of energy from carbohydrate, it is

considered a low-carbohydrate diet [138]. When compared

to low-fat diets, the low-carbohydrate diets have been

shown to elicit greater weight loss at 6 months (–7.3 lb

versus �3.1 lb) but at 12 months weight loss is similar

between diets [20, 139]. The mechanism by which low-

carbohydrate diets promote greater weight loss at 6 months

is unclear however several factors have been implicated.

These include improved insulin/glucose control, increased

thermic effect of food, enhanced maintenance of basal

metabolic rate, ketosis-induced appetite suppression, and

increased water loss [140]. The reduced weight loss in

subjects on low-carbohydrate diets between months 6 and

12 is likely due to decreased dietary compliance [20].

Low-carbohydrate diets have been shown to reduce tri-

glyceride levels and increase HDL-C [139]. The debate

surrounding the effectiveness of low-carbohydrate diets in

the treatment and prevention of cardiovascular disease cen-

ters on the effect of these diets on total cholesterol and

LDL-C due to the increased intake of SFA that accompa-

nies low-carbohydrate diets. Recent work by Krauss et al.

[141] found that in overweight or obese men, reductions in

carbohydrate intake (26% of total energy) versus 54%

energy from carbohydrate along with controlled weight

loss reduces the proportion of small, dense LDL-C parti-

cles. Importantly, this effect is primarily driven by changes

in dietary carbohydrate. Of note also is that although there

is an effect of dietary carbohydrate on LDL pattern B

phenotype, this is attenuated after weight loss. Another

dietary factor that affects the lipid and lipoprotein responses

to a low-carbohydrate diet is soluble fiber. Wood et al.

[142] found that the addition of 3 grams of supplemental

soluble fiber (Konjac-mannan) to a low-carbohydrate diet

reduced LDL-C by 14% while still reducing triglycerides

and increasing HDL-C. Potentially one of the most impor-

tant findings regarding a low-carbohydrate diet is the

improved clearance of triglyceride-rich chylomicrons

[138]. Chylomicron remnants increase risk for coronary

disease [143]. Thus, low-carbohydrate diets appear to be

of benefit for short-term weight loss (6 months). In

addition, they beneficially affect triglycerides and HDL-C

compared with higher carbohydrate diets, as well as post-

prandial TG clearance.

C. Glycemic Index and Glycemic Load

Carbohydrates differ in terms of their effects on glucose

metabolism [144]. Carbohydrates can be classified accord-

ing to their blood glucose-raising effects using the glycemic

index (GI). Low-GI foods, such as mature beans and green

vegetables, elicit less of a glycemic response than high-GI

foods, such as potatoes and ready-to-eat cereals. Indepen-

dent of weight loss, diets composed of low-GI foods

increase insulin sensitivity [145, 146] and decrease total

serum cholesterol [146] and LDL-C [145] in people with

type 2 diabetes. LDL-C decreased 6% more in subjects

following a low-GI diet compared to a high-GI diet [145].

These findings illustrate the importance of considering not

only the macronutrient composition of the diet, but also the

type of carbohydrate consumed within the context of a

high-carbohydrate, low-fat diet.

A review of 13 intervention studies that examined the

effects of glycemic index on triglycerides (5–20% reduc-

tion), LDL-C (>5% reduction), and total:HDL-C ratio

(>5% reduction) consistently showed the benefit of a

lower GI diet [147]. In general, foods high in soluble fiber

have a low GI; however, this is an oversimplification

because food preparation and consumption of a specific

food in a mixed meal can alter the GI. Thus, a mixed

meal can have a low GI with the selection of certain foods

that elicit a high glycemic response when tested individu-

ally. Because of the complexity of implementing the GI, it

likely will be difficult for consumers to adopt at the present

time with currently available foods and contemporary life-

style practices. Furthermore, the concept of glycemic index

must also address the role of other nutrients in a way that is

consistent with current dietary recommendations. For

example, some low-GI foods are high in total fat, SFA,
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and sugar and therefore should be limited. This example

elucidates the importance of not just considering glycemic

index but also considering other nutrient and dietary fac-

tors. Thus, it is apparent that many questions remain about

implementation of glycemic index in practice.

The glycemic load is a measure of both type and amount

of carbohydrates while the glycemic index is a measure of

only carbohydrate type. Glycemic load is defined as the

mathematical product of the carbohydrate amount and gly-

cemic index. This has been shown to be a more effective

classification method for carbohydrates. In a prospective

analysis of carbohydrate intake using data from the Nurses’

Health Study the glycemic load of the diet was directly

associated with CHD. The upper two quintiles for glycemic

load had relative risk ratings of 1.51 and 1.98. This relation-

ship was most evident among women with a BMI above 23

[148]. An analysis [149] of 244 healthy women enrolled in

the Women’s Health Study (WHS) showed a strong corre-

lation between high-sensitivity C-reactive protein (CRP)

levels and glycemic load. This again suggests a relationship

between type and amount of carbohydrate consumed and

cardiovascular disease, specifically in middle-aged women.

In contrast, the Zutphen Elderly Study [150] found no

relationship between a high-GI diet and CHD in elderly

men.

In a year randomized clinical trial, subjects with

elevated insulin levels following a large oral dose of

glucose lost more weight after 18 months on a low-

glycemic-load diet compared with a high-glycemic-load

weight-loss diet (12.76 lb versus 2.64 lb). Subjects with

normal insulin levels lost similar amounts of weight with

either low-glycemic-load or low-fat diets [151]. Changes

in cardiovascular risk factors were diet specific. The low-

glycemic-load diet resulted in greater reductions in TG

(–21.2 mg/dl versus –4.0 mg/dl) and an increase in HDL-C

(1.6 mg/dl versus –4.4 mg/dl), whereas the low-fat diet

group experienced a much greater reduction in LDL-C

(–5.8 mg/dl versus –16.3 mg/dl). However, another rando-

mized clinical trial [152] that compared the effects of a

low-glycemic-load diet versus a low-fat diet on lipids and

lipoproteins found the only difference in lipid changes

between diet groups to be TG, which decreased more in

the low-glycemic-load group while LDL-C and HDL-C

changes did not differ between diet groups. In this study,

the low-glycemic-load group also experienced a 50%

reduction in CRP, whereas CRP remained unchanged in

the low-fat diet group. A 12-month randomized trial that

compared low-glycemic-load compared to high-glycemic-

load diets found no difference between diets with respect

to TG, TC, LDL-C, and HDL-C [153]. Thus, further work

is needed before conclusions are made regarding the

importance of glycemic load for the treatment and preven-

tion of CVD. Nonetheless, research to date suggests that a

low-glycemic-load diet is more efficacious in individuals

with insulin resistance.

D. Dietary Fiber

An abundance of evidence supports a beneficial association

between dietary fiber intake and risk of CVD [154]. Dietary

fiber is found naturally in fruits, vegetables, whole-grain

cereals, and legumes. Fiber-fortified foods and supplements

also are available that are intended to increase dietary fiber

[155, 156]. The DRI Report on Macronutrients set the AI

for dietary fiber at 38 g/day and 25 g/day for men and women,

respectively [12]. This translates into 14 grams of fiber per

1000 kcal of energy consumed. Numerous epidemiologic

studies support the cardioprotective effect of dietary fiber.

A group of researchers recently pooled data from 10 prospec-

tive cohort studies in the United States and Europe and

reported that each 10 g/day increment of dietary fiber yielded

a 23% reduction in risk of coronary mortality and 14%

reduction in all coronary events [157]. The association was

strongest with cereal fiber compared to fruit/vegetable fiber.

Increased fiber intake via whole grains also has been asso-

ciated with improved insulin sensitivity [158].

E. Soluble Fiber

Soluble fiber, including oat bran, psyllium, guar gum, and

pectin, has been shown to reduce CVD risk through its

action on lipids and lipoproteins and glucose metabolism.

Soluble fiber has numerous properties that mediate its cho-

lesterol-lowering effects, such as binding bile acids,

increasing gastrointestinal tract viscosity, and inhibiting

cholesterol synthesis following fermentation in the colon

[159, 160]. NCEP ATP III guidelines recommend 10–25

grams of soluble fiber each day using evidence that a die-

tary intake of 5–10 grams of soluble fiber per day has been

shown to lower LDL-C levels by 5% [13]. Observational

data from the Los Angeles Atherosclerosis Study showed

that increased fiber intake (namely pectin) had a strong

inverse relationship with intima-media thickness progres-

sion in otherwise healthy individuals [161].

A meta-analysis of 67 controlled human trials [162]

determined that various soluble fibers (2–10 g/day) mod-

estly reduced total and LDL-C and did not affect HDL-C

cholesterol and TG levels. A randomized trial examining

the effects of increased fiber in normolipidemic participants

found that 3.5 g/day soluble fiber (29.5 g/day total fiber)

yielded a 12.8% decrease in LDL-C. This effect was attrib-

uted to the differences in total and soluble fiber intake

because no differences in intake of other macronutrients

were found [163].

The effects of different food sources of soluble fiber

on lipids and lipoproteins have been studied. Incorporating

15–115 grams of beans (navy or pinto) has been shown to

reduce both total and LDL-C by 15–23% and 13–24%,

respectively [160]. Arguably the most commercialized

source of soluble fiber, oats (rolled or bran), are known

for their cholesterol-lowering properties [164]. Oats contain

Font: Times and FrizQuadrata Size:10/12pt Margins:Top:3pc Gutter:5pc T.Area:42pc�54pc6.6 1 Color Lines: 55 Chap. Open: Fresh Recto

Els US HAYA Ch29-P374118 7-2-2008 Page: 528 20:23 Trim:8.5in�11in Floats: Top or Bottom TS: Integra, India

528 SECT ION I I � C. Cardiovascular Disease



b-glucan, which has been shown to reduce total cholesterol

along with fasting glucose and insulin [165]. In addition,

soluble fiber has been shown to lower glucose and insulin

levels in healthy individuals [166] and favorably affect

insulin sensitivity in individuals with diabetes [167] and

moderate hypercholesterolemia [168].

A diet that meets current recommendations for dietary

fiber that is high in both total and soluble fiber can be

achieved by consuming recommended amounts of fruits

(four servings), vegetables (five servings), and whole grains

(at least 3-oz, but preferably 6 oz equivalent servings). This

level of dietary fiber has been shown in observational

studies to reduce cardiovascular events and in clinical trials

to reduce LDL-C.

IV. DIETARY PROTEIN

Epidemiologic and controlled clinical studies have shown

benefits of dietary protein on CVD risk, although some

studies suggest an adverse relationship. Data from the

Nurses’ Health Study found high protein intakes (up to

24% of total energy intake), which included animal and

plant protein, were associated with a significantly reduced

risk of CVD (RR = 0.75; 95% CI: 0.61, 0.92) [92]. Like-

wise, in the largest randomized controlled clinical trial to

date, the OmniHeart Trial, found that a high-protein diet

(25% of energy intake) reduced the estimated 10-year risk

(5.8% lower) for CHD compared with a high-carbohydrate

diet (58% of energy intake) [51]. However, in a 12-year

follow-up study of middle-aged Swedish women participat-

ing in the Women’s Lifestyle and Health Cohort, a diet low

in carbohydrate and high in protein (assessed from protein

and carbohydrate intakes according to deciles of individual

energy intake) was associated with a higher total and CVD

mortality [169]. In addition, in the Greek component of the

European Prospective Investigation into Cancer and Nutri-

tion, prolonged consumption of a low-carbohydrate, high-

protein diet but not a high-protein diet alone was associated

with an increase in total mortality [170]. This study sug-

gests that marked reductions in carbohydrate together with

an increase in dietary protein are problematic.

A. Animal Protein

There is uncertainty whether animal protein, particularly

from meat, affects CVD risk. In a prospective study that

examined whether overall dietary patterns derived from a

food frequency questionnaire (FFQ) predicted risk of CHD

in men found a dietary pattern including high intakes of red

meat and processed meat was associated with a higher risk

for CVD compared lower intakes (RR adjusted for lifestyle

variables and fat intake: 1.43 [1.01, 2.01]) [171]. In contrast,

the 2-year randomized Cholesterol Lowering Atherosclerosis

Study found a reduction in new coronary artery lesions

among those with increased dietary protein (lean meat and

low-fat dairy) compared with subjects who decreased their

protein intakes [172]. The early work that reported associa-

tions between animal protein and CVD mortality [173] likely

was confounded by correlations between protein intake and

dietary SFA and cholesterol [174].

The dietary guidance that recommends a reduction in

SFA and cholesterol has been interpreted by some to restrict

red meat consumption. Several studies, however, have been

conducted to evaluate the effect of blood cholesterol-low-

ering diets containing lean red meat on lipids and lipopro-

teins. In three randomized controlled trials [287–289]

conducted with hypercholesterolemic subjects, lean red

meat, fish or lean poultry elicited similar effects on TC,

LDL-C, and TG or HDL-C (Table 3). In addition, a small,

recent, 8-week parallel study conducted in Australia found

that markers of oxidative stress and inflammation were not

elevated when energy from carbohydrate was partially

replaced with 200 g/day of lean red meat [175]. These data

suggest that lean red meat can be included in a blood choles-

terol-lowering diet. Moreover, a diet that includes lean red

meat also must meet current dietary recommendations.

B. Soy (Vegetable) Protein

Studies conducted in the 1970s and 1980s found that a diet

rich in soy decreased TC by 20%–25% in hyperlipidemic

patients [176–178]. In 1995, a meta-analysis of clinical

trials of soy intakes (ranging between 31 and 47 g/day)

reduced TC by 23.2 mg/dl (9.3%), LDL-C by 21.7 mg/dl

(12.9%), and TG by 13.3 mg/dl (10.5%), with the greatest

changes in serum TC and LDL-C related to initial serum

cholesterol concentrations. There was a trend toward a

1.2 mg/dl (2.4%) increase in HDL-C [179]. Results of the

6 week randomized controlled OmniHeart trial, found that a

high protein diet (25% energy (12 servings of plant protein/

day)) reduced HDL-C (–2.6 mg/dal) over a six week period

compared to a high carbohydrate (58% energy (5.5 servings

of plant protein/day)) diet (–1.4 mg/dl) and a high unsaturated

fat (31% energy (5.5 servings of plant protein/day)) diet

(–0.3 mg/dl)) [51].

A reevaluation of the prior scientific evidence of soy

protein effects on lipids and lipoproteins, as well as soy

isoflavones, was conducted by Sacks et al. and published as

an AHA Science Advisory [180]. Twenty-two randomized

trials (conducted between 1998 and 2005) were included

that evaluated isolated soy protein with isoflavones com-

pared with casein or milk protein, wheat protein, or mixed

animal protein. In these studies, soy protein intake ranged

between 25 and 135 g/day with the range of soy isoflavones

between 40 and 318 mg. A very modest 3% reduction in

LDL-C was found due to soy proteins; soy isoflavones

generally had no effect on LDL-C [180], despite large
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increases in blood isoflavone concentrations. A recent

report from Agency for Healthcare Research and Quality

of the soy protein literature demonstrated a decrease in TC

of 6 mg/dl (2.5%), with a median decrease in LDL-C of

5 mg/dl (3%). There was no effect of isoflavones [181].

Figure 9 presents the changes in LDL-C in response to

soy protein and soy isoflavones as a function of baseline

LDL-C. It can be seen in Figure 9 that those with high

baseline LDL-C have a greater LDL-C lowering response,

and there is a dose-response relationship between soy pro-

tein intake and LDL-C lowering.

A subsequent meta-analysis was published [182], includ-

ing 11 trials on soy protein containing isoflavones, in addi-

tion to the effects of soy protein containing enriched and

depleted isoflavones. Compared with animal protein (con-

taining no isoflavones), soy protein (containing no isofla-

vones) decreased TC by 7.7 mg/dl (3.6%) and decreased

LDL-C by 3.9 mg/dl (2.8%); soy protein (plus enriched

isoflavones) lowered LDL-C by 7.0 mg/dl (5%) and

increased HDL-C by 1.6 mg/dl (3%) [182]. The effects of

isoflavones (after controlling for soy protein intake) were

found to reduce TC by 3.9 mg/dl (1.8%) and decrease LDL-

C by 5 mg/dl (3.6%) compared with soy protein (containing

no isoflavones). Reductions in LDL-C were greatest in

subjects with high versus normal cholesterol levels; how-

ever, there was no association between the changes in

LDL-C levels and isoflavone intake. Although it was con-

cluded that 102 mg ingested soy-derived isoflavones (inde-

pendent of ingested soy protein) can lower TC and LDL-C,

this intake is approximately double current intakes in Japan.

Consuming 42 mg soy (which included 6 mg isoflavones—

a very low content) also can improve LDL-C and HDL-C;

however, this level of soy protein intake is quite large,

representing at least 50% of the average daily total protein

intake in the United States [182]. Moreover, ingestion of

large amounts of isoflavones is necessary to identify any

benefits on the lipid profile.

In addition to the effects on lipids, a recent 8-week

crossover trial was conducted among postmenopausal

women with metabolic syndrome comparing the DASH

diet (17% energy from protein) versus soy protein (replaced

one serving of red meat with soy protein—30 g) versus soy

nut (replaced red meat with soy nuts—30 g) [183]. The soy

nut and soy protein diets decreased the inflammatory mar-

kers E-selectin and CRP, compared with the DASH diet;

IL-18 was lower on the soy nut diet, and nitric oxide

production improved. In contrast, a recent randomized con-

trolled trial in hypercholesterolemic patients found varying

diets containing soybeans, soy flour, or soy milk (15% of

energy as protein—7.5% of energy as experimental protein;

37.5 g/day) had no effect on blood pressure, vascular

endothelial function, or CRP concentrations [184]. Previous

TABLE 3 Dietary Cholesterol Changes Following Consumption of Varying Protein Food Sources

Results

Author Year Subjects Design TC LDC-C TG HDL-C

Beauchesne-

Rondeau, E.

et al. [287]

2003 Hypercholesterolemic men

(TC: >5.2 mmol/l;

LDL-C: >3.4 mmol/l)

RCT: 26 days (n = 17

each; 50 years) of lean

meat (�180 g) versus

lean poultry (�180 g)

versus fish (�270 g).

6-week washout period

in between each diet.

69% animal protein and

no milk products

allowed: given 600 mg

Ca + 125 IU vitamin D.

Lean beef # 18% # 7% # 19%

Lean

poultry

# 8% # 9% # 25%

Fish # 5% # 5% # 20%

Davidson, M.

et al. [288]

1999 Hypercholesterolemic men

and women (LDL-C:

3.37–4.92 mmol/l; TG:

<3.96 mmol/l)

RCT: 36 days lean white

meat (n = 102, 55 years)

or lean red meat

(n = 89, 57 years).

170 g (6 oz) for 5–7

days/week.

Lean red

meat

NS # 1.7% — " 2.3%

Lean

white

meat

# 1.8% # 3% # 0.5% " 2.4%

Hunninghake,

D. et al.

[289]

2000 Hypercholesterolemic men

and women (LDL-C:

3.37–4.92 mmol/l; TG:

<3.96 mmol/l)

RCT: 36 weeks lean red

meat (n = 72, 57 years)

versus lean white meat

(n = 73, 56 years).

Lean red

meat

# 0.9% # 1.9% NS " 2.8%

Lean

white

meat

# 1.2% # 2% NS " 2.2%

RCT, randomized controlled trial.
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controlled studies also have reported that soy intake inhib-

ited LDL oxidative susceptibility [185, 186] and improved

arterial compliance [187].

The evidence is conflicting about the role of soy protein

in CVD risk reduction, and consumption of large amounts

of isoflavones may be required to provide further benefits.

Further trials are required investigating the isoflavone com-

ponent on CVD mortality.

In summary, these studies highlight the favorable effect

that both animal and plant proteins have on CVD risk

factors. Of specific interest are their effects on TG and

HDL-C, as well as inflammatory markers and blood pres-

sure. A reduced-fat, high-protein (18–25% energy from

protein) diet may be an alternative approach to the tradi-

tional reduced-fat, high-carbohydrate diets. With respect to

soy protein, large intakes of soy protein (more than half the

daily protein intake) may lower LDL-C by a few percent

when it replaces dairy protein or a mixture of animal pro-

teins [180]. Moreover, soy proteins with isoflavones do not

appear to further benefit CVD risk reduction and therefore

isoflavone supplement use is not recommended. In addition,

soy protein also may be used to increase total dietary

protein intake and to reduce carbohydrate and fat intake

[180]. Soy products (e.g., tofu, soy butter, and soy nuts)

may be beneficial to health because of their high unsatu-

rated fat content, fiber, vitamins, minerals, and low content

of saturated fat [180]. Further studies are required investi-

gating the effect of high-protein diets on CVD risk factors.

Studies are needed with both plant and animal protein

sources to determine whether their effects on CVD risk

and risk factors differ. This information will be important

for future dietary guidance about protein.

V. ALCOHOL

There is accumulating evidence demonstrating that moder-

ate alcohol consumption reduces CHD risk, and the pattern

of drinking has important implications for various CVD risk

factors [188–190], clinical outcomes [191–194], and mor-

tality [195–197]. Consumption of one to three drinks a day

has been shown to lower risk of CHD by 10–40% compared

with those who abstain; the majority of studies have identi-

fied a lower risk with up to three alcoholic drinks a

day [198–201]. The epidemiologic evidence suggests a

J- or U-shaped relationship between alcohol and CHD
[202–204], such that moderate alcohol consumption
appears more beneficial than no alcohol or excessive
alcohol consumption.

The mechanisms underlying alcohol and CVD risk

have been a result of some beneficial effects in hemo-

static factors [205, 206]; however, the putative benefits
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by baseline level, isoflavone content, and soy protein content. Studies without non-soy control are not included. Studies without data on

isoflavone or protein content are omitted from relevant graphs. (2) IBP w/ Iso, soy protein with isoflavones; IBP w/o Iso, soy protein without

isoflavones; suppl, supplement. (3) Dashed lines represent adjusted regressions for studies with sufficient data for regression. Regression

lines are drawn only within the range of independent variable (x-axis) data examined. P-values and number of studies included in

regressions are shown. Both regression lines drawn are for all studies with abnormal baseline LDL. Reprinted with permission from [181].
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have been mainly credited to an increase in HDL-C [207–

209], thus inhibiting LDL oxidation during the athero-

genic process. In a meta-analysis of 42 trials investigating

alcohol consumption and HDL-C, a 24.7% reduction in

CHD was found following consumption of 30 g alcohol/

day, directly attributable to increased HDL-C levels

(3.99 mg/dl) [210].

With respect to specific beverage type, early studies

have suggested that in wine-drinking countries, there was

less coronary artery disease (CAD) incidence compared to

beer- or liquor-drinking countries [211]; with later interna-

tional comparison studies confirming this [212, 213]. Par-

ticularly in France, the markedly low incidence of CHD,

despite intake of a high-fat diet, has been attributed to the

consumption of red wine containing high levels of poly-

phenolic compounds. This was termed the ‘‘French para-

dox,’’ referring to the observation that France has the

highest wine intake, the highest total alcohol intake, yet

the second lowest CHD mortality rate [212, 213]. The

mechanisms underlying this lower CHD incidence have

been associated with antioxidant phenolic compounds or

antithrombotic substances in red wine [213–215].

A recent review, however, reported that prospective

population studies provide no consensus that wine has addi-

tional benefits, and various studies show benefit for all

three major beverage types (wine, beer, and liquor) [216].

In contrast to this, controlled trials have found moderate

consumption of red wine to inhibit oxidative modification

of LDL-C [217, 218], improve coronary blood flow [219],

and improve markers of inflammation [220], as well as

reverse the impaired endothelial function caused by ciga-

rette smoking [221].

Therefore, further randomized studies are required iden-

tifying benefits of other alcoholic beverages on CVD risk

factors, and to assess whether moderate wine consumption

is more protective than these beverages against cardiovas-

cular risk.

Recommendations for alcohol consumption by the

NCEP panel have stated that no more than two drinks per

day for men and no more than one drink per day for women

should be consumed. A drink is defined as 5 oz of wine, 12 oz

of beer, or 11/2 oz of 80-proof whiskey. Persons who do not

drink should not be encouraged to initiate regular alcohol

consumption [13].

VI. DIETARY CHOLESTEROL

Cholesterol plays an important role in steroid hormone and

bile acid biosynthesis and serves as an integral component

of cell membranes. There is no biological requirement for

dietary cholesterol because all tissues synthesize a suffi-

cient amount of cholesterol to meet metabolic and structural

needs. The DRI Report for Macronutrients recommended

that cholesterol intake be as low as possible because of the

dose-response relationship between dietary cholesterol and

total and LDL-C [12, 26]. The Dietary Guidelines for

Americans, 2005, as well as AHA, recommend less than

300 mg/day for normocholesterolemic individuals. NCEP

ATP III recommends less than 200 mg/day for those with

CHD or elevated LDL-C [13, 22].

There is some epidemiologic evidence demonstrating a

relationship between dietary cholesterol and CVD risk

[222]. Among Japanese women, one to two eggs per week

was associated with a 12% lower all-cause death rate, with

a trend toward a lower mortality due to stroke, ischemic

heart disease (IHD), and cancer, compared with women

consuming 1 egg per day [222]. In contrast, among

117,933 subjects in the United States, no relationship was

found between consumption of 1 egg or fewer per day and

the risk of IHD or stroke [33]. The Framingham Heart

Study reported that egg consumption was not related to

CHD [223] and was not related to serum cholesterol levels

[224].

In normolipidemic healthy young men, subjects were

randomized to consume either a low-cholesterol diet (n =
15, 3 egg whites: total intake of cholesterol 174 mg/day) or

a high-cholesterol diet (n = 12, 3 whole eggs: total intake of

Replacement of 5% calories as saturated fat
(for example, 17% to 12%) by polyunsaturated fat

Replacement of 5% calories as saturated fat
(for example, 12% to 7%) by monounsaturated fat

Reduction of dietary cholesterol by 200 mg
(for example, 340 mg/day to 140 mg/day)

Sum of above dietary changes

0 –0.25 –0.5

Change in total blood cholesterol (mmol/I)

(–0.39)

(–0.24)

(–0.13)

(–0.76)

–0.76 –1.0

FIGURE 10 Mean (SE) changes

in blood total cholesterol concentra-

tion associated with replacing diet-

ary saturated fat by polyunsaturated

and monounsaturated fats and with

reducing dietary cholesterol [26].

Reprinted with permission from

the British Journal of Medicine.
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cholesterol 804 mg/day) for 15 days. Compared with the

low-cholesterol diet group, the high-cholesterol diet group

had higher serum TC (135 mg/dl versus 181 mg/dl), LDL-C

(85 mg/dl versus 117 mg/dl), and HDL-C levels (35 mg/dl

versus 50 mg/dl). Triglyceride and Lp(a) concentration did

not differ [225].

In a meta-analysis of 395 metabolic ward trials investi-

gating the importance of dietary fatty acids and dietary

cholesterol in serum TC, LDL-C, and HDL-C, it

was found that isoenergetic replacement of saturated fats

(10% of dietary energy) by complex carbohydrates was

associated with a decrease in TC by 20 mg/dl; replacing

carbohydrates by PUFA (5% energy) would further

reduce TC by 5 mg/dl. A reduction of 200 mg/day in

dietary cholesterol was associated with a further reduction

in TC of 5 mg/dl. The sum of these isoenergetic changes

is displayed in Figure 1, indicating a reduction in TC

by 29 mg/dl (99% CI: 0.67, 0.85) and LDL-C by 24 mg/dl

and an increase in HDL-C by 4 mg/dl [26]. On the basis of

this meta-analysis, dietary cholesterol elicits a small

hypercholesterolemic effect that is less than that of satu-

rated fat.

In another meta-analysis of 17 trials, consumption of

dietary cholesterol increased the ratio of TC:HDL-C con-

centrations by 0.02 (95% CI: 0.010, 0.030). Furthermore,

consuming approximately 200 mg/day of cholesterol

(equivalent to one egg per day) increased the ratio of

TC:HDL-C by 0.04 units, TC by 4.3 mg/dl, LDL-C by

3.9 mg/dl, and HDL-C by 0.6 mg/dl [226]. This effect was

independent of other dietary factors such as type and

amount of fat.

Collectively, the evidence shows that dietary cholesterol

plays a role in modifying CVD risk; however, the effects on

total and LDL-C are relatively modest. Nonetheless,

decreasing dietary cholesterol would be expected to reduce

the risk of CHD, especially in subgroups of individuals who

are responsive to changes in cholesterol intake [227].

VII. PLANT STEROLS/STANOLS

Phytosterols are found in seed oil (e.g., sunflower oil and

maize oil), fruits, vegetables, legumes, cereals, and some

nuts. Although more than 40 phytosterols have been

identified, b-sitosterol, campesterol, and stigmasterol are

the most abundant and are the most effective at reducing

cholesterol levels. Stanols are saturated molecules produced

by the hydrogenation of sterols but are less abundant in

nature [228]. The mechanisms by which plant sterols and

stanols lower cholesterol levels involve the displacement of

cholesterol from micelles, thus reducing intestinal choles-

terol absorption and increasing fecal cholesterol excretion

[229, 230].

Several nested case-control studies have found conflict-

ing results between plasma sitosterol concentrations and

CHD [231, 232]. Because nested case-control studies

involve subsamples of participants in prospective studies,

biological samples collected prior to onset of disease can be

analyzed as a measure of exposure prior to onset of disease.

Likewise, biological samples are analyzed in a matched

group of disease-free controls. Thus, in these three nested

case-control studies, the plasma for determination of sitos-

terol was collected prior to onset of disease for the cases. In

the Prospective Cardiovascular Munster (PROCAM) study,

men who suffered a coronary event within the previous 10

years had higher plasma sitosterol concentrations

compared with those who had no event (0.19 mg/dl versus

0.17 mg/dl), with a 1.8-fold increased risk of coronary

events in subjects with sitosterol levels above 0.21 mg/dl

[231]. In contrast the Longitudinal Aging Study Amsterdam

(LASA), plasma concentrations of all plant sterols were

lower in those with CHD versus those free of CHD (e.g.,

sitosterol: 0.29 mg/dl versus 0.34 mg/dl); yet higher plasma

concentrations of sitosterol were associated with a 28%

reduction in CHD risk. The odds ratio with a twofold

increase in sitosterol was associated with a 22% decrease

in CHD risk [232]. On the other hand, the EPIC-Norfolk

Population study, which compared 373 CAD cases with 758

controls, found that there was no difference in sitosterol

between CAD cases and controls (0.21 mg/dl versus

0.21 mg/dl). However, there was a 21% lower risk (NS)

for future CAD in the highest tertile of sitosterol concentra-

tion after adjusting for traditional risk factors [233].

Because these plasma sitosterol concentrations are similar

to what was found in the PROCAM men, it appears that

higher sitosterol concentrations, such as those found in the

LASA study (approximately >0.34 mg/dl), may be neces-

sary to achieve any sort of reduction in CHD risk in subjects

initially free of the disease.

Numerous clinical studies conducted with hypercholes-

terolemic subjects, individuals with type 2 diabetes, and

healthy adults and children have shown that consumption

of 2–3 g/day of plant sterols or stanols lowers plasma LDL-

C by 6–15% [13, 234]. Studies that examined sterol-

enriched foods (spreads, low-fat yogurt, bakery products)

in healthy subjects found that consumption of 1.6–3.2 g/day

of sterols for 4 weeks to 1 year reduced TC 4–8.9% and

LDL-C 6–14.7% [32, 235–238].

Some [236, 239], but not all [237, 240, 241], studies

have found a decrease in serum antioxidant levels (cor-

rected for TC and TG levels) (range of decrease �6–14%)

with sterol/stanol intakes ranging between 1.8 g and 3.4 g/

day. Noakes et al., however, observed that the variations in

plasma carotenoids are within observed seasonal and indi-

vidual variations [239]. Increased consumption of one ser-

ving of carotene-rich fruit and vegetables has been effective

in preventing this decline, after consumption of a sterol-rich

spread [240].

Consumption of 2 g/day of plant sterols and stanols is

recommended by the NCEP ATP III as a therapeutic option
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for maximal LDL-C lowering (6–15%) [242]. The usual

dietary intake of plant sterols and stanols ranges between

200 and 450 mg/day [228], but diets based on high intakes

of vegetable fats, whole grains, fruits, and vegetables pro-

vide higher amounts but still fall far short of meeting the

2 g/day recommendation. Thus, fortified foods and/or sup-

plements are needed to attain this level of intake. Plant

stanols and sterols are now included in many foods such

as margarine, low-fat milk, yogurt, cereal bars, and orange

juice, as well as gel-capped sterol and stanol supplements to

assist in increasing consumption.

VIII. SUPPLEMENTS

The dietary supplement market is one of the fastest growing

industries [243]. Data from the Third National Health and

Nutrition Examination Survey (NHANES III) and the more

recent 1999–2002 NHANES found that approximately 55%

of U.S. men and women aged 40 or older reported the use of

some dietary supplement. Multivitamin use was most

popular (38%) followed by single or combined antioxidant

use (21%) and B vitamins (8%) [244]. The primary reason

for using dietary supplements was to achieve self-care

goals, as a means of ensuring good health, alleviating

depression, and for ‘‘medicinal’’ purposes to treat and pre-

vent various illnesses, including the common cold and

flu [243].

Epidemiologic and clinical studies that have evaluated

dietary supplements in the prevention or treatment of dis-

ease are inconsistent, showing little or no benefit. Never-

theless, the few beneficial results obtained in some studies

likely influence the public’s attitude toward the use of die-

tary supplements.

A. Niacin

High-dose niacin therapy is used in clinical practice

mainly to increase HDL-C [245], and also favorably affect

TC, LDL-C, and TG levels [246–248]. In men with a

previous MI participating in the Coronary Drug Project,

5-year supplementation with 3 g/day niacin reduced inci-

dence of nonfatal MI and cerebrovascular end points

(stroke or transient ischemic attack [TIA]) by 26% and

24%, respectively, compared to placebo, with a reduction

in TC and TG by 10% and 26% [249]. After 9 years of

follow-up, all-cause mortality was 11% lower in the niacin

group, primarily due to a reduction in CHD death [250].

Since then, numerous randomized studies have reported

that niacin in doses ranging between 1 and 3 g/day

decrease TC (8%), LDL-C (6–21%), and TG (16–29%)

and increase HDL-C (17–30%) [246–248]. Several rando-

mized controlled trials reported a reduced frequency of

cardiovascular events and an improved lipid profile when

niacin was taken alone or in combination with statins

(3-hydroxy-3-methylglutaryl coenzyme A reductase inhi-

bitors) [251–255]. Of note in the study by Brown et al.,

however, was the inclusion of the ‘‘antioxidant cocktail’’

(800 IU vitamin E, 1000 mg vitamin C, 25 mg b-carotene,

and 100 mg selenium) with drug therapy. The antioxidants

blunted the effect of simvastatin/niacin treatment and did

not reduce stenosis progression, unlike the simvastatin/

niacin treatment.

It is recommended that niacin (1–3 g/day) be used to

increase HDL-C levels, typically in patients with low

HDL-C levels; they are also often prescribed with statins

to treat patients with hypercholesterolemia or dyslipidemia.

Although the use of niacin in clinical practice has been

limited because of adverse side effects such as cutaneous

flushing and hepatic toxicity [256], recently, dyslipidemia

has been treated through the development of new niacin

formulations that elicit less flushing and hepatic toxicity

[257, 258].

B. Fish Oil

As mentioned previously, two meta-analyses have demon-

strated benefits of EPA and DHA in the prevention of CHD

mortality and stroke [259, 260] and improvements in the

lipid profile (mainly TG) [261]. With respect to fish-oil

supplements, however, a review published in 2006 reported

increased consumption of omega-3 fatty acids from dietary

fish intake or fish-oil supplements reduced the rates of all-

cause mortality, cardiac and sudden death, and possibly

stroke [99]. The evidence for the benefits of fish oil

appeared stronger in secondary rather than primary-prevention

settings, and adverse effects appeared to be minor [99].

Two servings per week of fatty fish are recommended

(equivalent to 500 mg EPAþDHA) for primary prevention

of CVD. For secondary prevention, 1 g/day is recom-

mended; and for TG lowering, 2–4 g/day is recommended

under a physician’s supervision. For patients unable to meet

these recommendations by consuming oily fish, fish-oil

supplements are advised.

C. Fiber

Several cross-sectional and prospective studies have

reported that an increased intake of dietary fiber is asso-

ciated with a reduced risk of CHD and CVD [262–267]. In

terms of supplemental fiber, however, in a randomized

controlled trial, subjects with mild to moderate hypercho-

lesterolemia were treated with a Step I diet for 12 weeks

before receiving placebo or 3.4 g of psyllium (equivalent to

1 teaspoon) three times per day for eight weeks. Compared

with placebo, psyllium decreased TC by a further 4.8%,

LDL-C by 8.2%, and apolipoprotein (apo) B concentration

by 8.8% [268]. A meta-analysis of eight trials also found

supplementation with 10.2 g/day of psyllium (Metamucil),
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adjunct to a low-fat diet in men and women with hyperch-

olesterolemia, lowered serum TC by 4%, LDL-C by 7%,

and the ratio of apo B to apo A-I by 6%, relative to placebo,

with no effect on serum HDL or triacylglycerol concentra-

tions [155]. Soluble fiber (psyllium—given as Metamucil

supplement) appears to have an additive cholesterol-low-

ering effect when combined with statins. In a randomized

clinical trial of hyperlipidemic subjects, 10 mg simvastatin

plus 15 g psyllium decreased TC by 66 mg/dl (26%) and

decreased LDL-C by 63 mg/dl (36%) [269].

The NCEP ATP III recommends that dietary supplemen-

tation with viscous soluble fiber is an effective therapeutic

option to lower LDL-C. On average, an increase in viscous

fiber of 5–10 g/day is accompanied by an approximate 5%

reduction in LDL-C [270, 271]. To achieve the upper end of

the ATP III soluble fiber recommendation, there must be a

major emphasis on fruits, vegetables, cereal grains, and

legumes. It is challenging to consume 25 g of soluble fiber

each day, but a lower intake (5–10 g/day) will still reduce

LDL-C by approximately 3% to 5%. Despite the availabil-

ity of soluble fiber supplements, it is important to note that

some provide energy and many do not deliver the same

variety of nutrients that soluble-fiber-rich foods do.

D. Antioxidants

There has been controversy about whether antioxidant vita-

mins decrease CVD risk. In general, epidemiologic studies

demonstrate a very modest beneficial association of antiox-

idants on CVD risk, whereas clinical studies have consis-

tently not reported benefits. In a recent prospective report,

the pooled analysis of 10 trials (n = 227,443) investigating

dietary antioxidant intakes found that higher intakes of

vitamin E (median intake in highest quartile: 8.2 mg) and

b-carotene (median intake in highest quartile: 523mg) were

inversely associated with incidence of all major CHD

events (vitamin E RR: 0.77 [0.64, 0.92]; b-carotene: 0.84

[0.74, 0.95]); whereas vitamin C was not (median intake

highest quartile: 152 mg; 1.03 [0.91, 1.16]) [272]. When the

intake of antioxidant supplements was combined with anti-

oxidant intakes from food, no additional benefits were

reported [272].

Relatively few [273] clinical studies have found benefi-

cial effects on CVD reduction following antioxidant sup-

plementation (ranging between 10 and 5000 IU vitamin E,

60 and 200 mg vitamin C, 15 and 50 mg b-carotene), com-

pared with the majority that have not demonstrated bene-

ficial effects [273–275]. Moreover, some have even found

adverse effects [274–276].

The use of antioxidant supplements as a means to reduce

CVD mortality is inconsistent and generally ineffective.

The American Heart Association currently recommends

consumption of antioxidant-rich foods such as fruits, vege-

tables, whole grains, and nuts [277, 278] to achieve recom-

mended intakes, and supplementation is not recommended

for CVD risk reduction. The increases in mortality rates

following some supplementation studies further support not

using antioxidant supplements to prevent or reduce CVD

risk factors. Further studies are required assessing whether

long-term dietary intakes of antioxidants are beneficial for

CVD risk reduction, and whether excessive consumption of

dietary intakes (from food and/or supplements) adversely

affect health in the long term. Antioxidant supplements are

therefore not recommended for the treatment or prevention

of CVD.

E. B-Vitamins

The B-vitamins, in particular folate or folic acid, vitamin

B6, and vitamin B12, decrease serum homocysteine levels

[279–283], which is a risk factor for CVD. In the Norwe-

gian Vitamin Trial (NORVIT), supplementation with folic

acid 0.8 mg/day, vitamin B12 at a dosage of 0.4 mg/day, and

vitamin B6 at a dosage of 40 mg/day lowered plasma homo-

cysteine levels by 27%, yet did not result in any reduction

in the risk of MI or stroke in patients who have already had

an MI [280]. Despite other studies also finding reductions in

homocysteine, there was no substantial evidence indicating

that B vitamins lowered CVD risk [281, 284]. Furthermore,

supplemental doses that have been used (ranging between

20 mg and 2.5 mg folate; 200 mg and 50 mg vitamin B6; and

0.4 mg and 1 mg vitamin B12) are greater than what can be

achieved through dietary sources alone and are far higher

than current recommended intakes. Presently, the AHA

does not recommend use of folic acid and B vitamin supple-

ments to reduce the risk of CVD [63, 278], but rather

recommends consumption of a healthy dietary pattern con-

sisting of vegetables, fruits, legumes, nuts, lean meats,

poultry, fatty fish, whole grains, and cereals to meet current

recommendations for all nutrients.

IX. FOOD-BASED GUIDANCE

Food-based dietary guidance has been issued that translates

energy and nutrient recommendations into healthful dietary

patterns that can be implemented by individuals. There is

great support for a food-based approach to meet nutrient

needs, because certain dietary patterns deliver multiple,

rather than single, nutrients to target CVD risk reduction,

as well as risk of other chronic diseases, and to promote

health and well-being. There are several models for design-

ing dietary patterns. Although there are some subtle differ-

ences among them, they all recommend a diet that is high in

fruits and vegetables, whole grains, low-fat and skim milk

dairy products, lean meats, poultry and fish, legumes, and

food sources of unsaturated fats including liquid vegetable

oils, and nuts and seeds. All dietary patterns are low in SFA,

TFA, and dietary cholesterol and high in dietary fiber. In

addition, they all meet current recommendations for sodium
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(<2300 mg/day). The specific food-based dietary recom-

mendations that have been made are presented next.

A. USDA Food Guide

To complement the Dietary Guidelines, two examples of

eating patterns have been developed, which include the

U.S. Department of Agriculture (USDA) Food Guide and

the Dietary Approaches to Stop Hypertension (DASH)

Eating Plan (see below). These two similar eating patterns

are designed to integrate dietary recommendations into a

healthy way to eat and are presented in the Dietary Guide-

lines to provide examples of how nutrient-focused recom-

mendations can be expressed in terms of food choices. (The

Food Guide is available at http://www.health.gov/dietary

guidelines/dga2005/document/pdf/DGA2005.pdf.)

Table 4 displays food-based dietary recommendations

from each of five food groups and liquid vegetable oil at

13 different energy levels. At each energy level, there is a

discretionary energy allowance (Table 5) that can be

included as solid fats, sugar, and/or both within a specified

energy level. The discretionary energy allowance is based

on estimated energy needs by age/sex group. The discre-

tionary energy allowance is part of total estimated energy

needs, not in addition to total energy needs. The chart gives

a general guide (http://www.mypyramid.gov/pyramid/

discretionary_calories_amount_table.html).

MyPyramid.gov (http://www.mypyramid.gov/) is the new

online Food Guide that was developed to help Americans

implement the Dietary Guidelines for Americans, 2005, and

plan a healthful dietary pattern. The MyPyramid Plan offers

a personal eating plan with the foods and amounts that are

right for individuals. Using the MyPyramid Plan helps indi-

viduals make smart choices from every food group; find the

appropriate balance between food and physical activity;

achieve nutrient adequacy within energy needs; and identify

daily energy needs.

B. Dietary Approaches to Stop Hypertension
(DASH) Dietary Pattern

The DASH dietary pattern is rich in fruits, vegetables, and

low-fat dairy foods. Whole grains, poultry, fish, and nuts

also are emphasized and sweets are reduced. Table 6

displays the DASH eating plan with the recommended

daily number of servings in a food group depending on

energy needs.

C. Theraputic Lifestyle Changes (TLC) Diet

The TLC diet is a low SFA, TFA, and cholesterol diet

aimed to reduce LDL-C. The TLC also includes two ther-

apeutic diet options: plant stanol/sterol (add 2 g/day) and

soluble fiber (add 10 to 25 g/day).

Table 7 details an example of the expected LDL-C low-

ering response to each dietary recommendation of the TLC

diet, as well as the additive effects of all dietary strategies.

The TLC diet recommendations are consistent with the

AHA Diet and Lifestyle Recommendations (revised

2006). AHA recommendations designed specifically for

daily energy needs, recommended range of total fat intake,

and limits for SFA and TFA can be found at http://

www.myfatstranslator.com/.

TABLE 5 Discretionary Energy Allowances for Various Age Groups as kcal

Estimated Total

Energy Need (kcal)a
Estimated Discretionary

Energy Allowance (kcal)a
Estimated Total

Energy Need (kcal)b
Estimated Discretionary

Energy Allowance (kcal)b

Children 2–3 years old 1000 165c 1000–1400 165–170

Children 4–8 years old 1200–1400 170c 1400–1800 170–195

Girls 9–13 years old 1600 130 1600–2200 130–290

Boys 9–13 years old 1800 195 1800–2600 195–410

Girls 14–18 years old 1800 195 2000–2400 265–360

Boys 14–18 years old 2200 290 2400–3200 360–650

Females 19–30 years old 2000 265 2000–2400 265–360

Males 19–30 years old 2400 360 2600–3000 410–510

Females 31–50 years old 1800 195 2000–2200 265–290

Males 31–50 years old 2200 290 2400–3000 360–510

Females 51+ years old 1600 130 1800–2200 195–290

Males 51+ years old 2000 265 2200–2800 290–425

aThese amounts are appropriate for individuals who get less than 30 minutes of moderate physical activity most days.
bThese amounts are appropriate for individuals who get at least 30 minutes (lower energy level) to at least 60 minutes (higher energy level) of moderate

physical activity most days.
cThe level of discretionary energy is higher for children 8 and younger than it is for older children or adults consuming the same amount of energy,

because younger children’s nutrient needs are lower.
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X. SUMMARY/CONCLUSION

Two very recent reviews have reinforced the importance of a

dietary pattern that is low in SFA, TFA and cholesterol, and

high in viscous fiber that beneficially affects lipids and

lipoproteins, as well as other CVD risk factors that collec-

tively decrease CVD risk [285, 286]. A dietary pattern that is

low in SFA, TFA, and cholesterol, and high in viscous fiber

beneficially affects lipids and lipoproteins, and other CVD

risk factors that collectively decrease CVD risk. Table 8

shows the impact of these interventions, singly and collec-

tively, on LDL-C lowering. Taken together, along with mod-

est weight loss and inclusion of plant sterol/stanols, they can

have a big impact on LDL-C lowering and, in turn, CVD risk

reduction. Other dietary factors that beneficially affect CVD

risk are omega-3 fatty acids, including fish/fish oil (to pro-

vide EPA and DHA), and ALA. These fatty acids act

primarily through non-lipid-mediated mechanisms. A food-

based dietary pattern that meets current nutrient goals is

recommended because it delivers the full complement of

nutrients and dietary factors that target a broad array of

health benefits. This dietary pattern promotes consumption

of fruits, vegetables, whole grains, low-fat/nonfat dairy pro-

ducts, lean meats, poultry and fish, and liquid vegetable oils,

nuts, and seeds. Implementation of this dietary pattern will

affect multiple, major CVD risk factors, including lipids and

lipoproteins, blood pressure, and body weight, which can

markedly decrease CVD risk. Thus, a healthful dietary pat-

tern is an important tool for combating heart disease, and

implementation of the food-based dietary recommendations

that have been made by many organizations can have an

important public health benefit.
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