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ABSTRACT

During the past few decades numerous studies have re-
ported the atherogenic potential of saturated fatty acids,
trans-fatty acids, and cholesterol, and beneficial effects of
fiber, phytostanols/phytosterols, n-3 fatty acids, a Medi-
terranean diet, and other plant-based approaches. The
purpose of this article is to provide a comprehensive and
systematic review of the evidence associated with key
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dietary factors and risk of cardiovascular disease—an
umbrella term encompassing diseases that affect the
heart and blood vessels, including coronary heart disease,
coronary artery disease, dyslipidemia, and hyperten-
sion—in conjunction with the work of the American Die-
tetic Association Evidence Analysis Library review on
diet and lipids, updated with new evidence from the past
2 years. The criteria used and results cited provide sci-
entific rationale for food and nutrition professionals and
other health professionals for counseling patients. De-
tails of these searches are available within the American
Dietetic Association Evidence Analysis Library online
(http://adaevidencelibrary.com). Potential mechanisms
and needs for future research are summarized for each
relevant nutrient, food, or food component.

J Am Diet Assoc. 2008;108:287-331.

mented a relationship between diet and cardiovas-

cular disease (CVD) risk (1). Specifically, epidemio-
logic, experimental, and clinical trial evidence have
demonstrated a relationship between diet, nutrients, and
blood lipid levels; blood pressure; and coronary heart
disease (CHD). Evidence from prospective studies have
shown that dietary patterns are associated with risk and,
specifically, that dietary patterns high in saturated fatty
acids, cholesterol, and animal fat increase low-density
lipoprotein (LDL) cholesterol levels (2). Clinical trials
involving dietary interventions to reduce total fat, satu-
rated fatty acids (SFAs), and cholesterol have further
demonstrated favorable responses among dyslipidemic
and normolipidemic individuals (3-7). Many (if not most)
of these studies focused on single nutrients, such as SFAs
and/or dietary cholesterol, or individual fatty acids (ie,
n-3 fatty acids, trans-fatty acids [TFAs], and a-linolenic
acid [ALA]). The National Cholesterol Education Pro-
gram Adult Treatment Panel III (ATP III) reviewed the
evidence in 1999 and recommended the Therapeutic Life-
style Changes diet and lifestyle (1). Since 2000 research
has shifted to other dietary factors, including whole foods
and favorable dietary patterns that likewise appear to
affect blood lipid levels. As potential nonlipid biomarkers
for CVD have also been identified (ie, blood pressure,
thrombogenecity, and inflammation) research interest

D uring the past 50 years, much evidence has docu-
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about how diet might influence these factors has in-
creased (8,9). A review of this research and its strengths
is presented here.

METHODS

An expert panel was formed to identify and evaluate
current research to develop the American Dietetic Asso-
ciation (ADA) Hyperlipidemia Evidence Analysis Library
online entry (www.adaevidencelibrary.com). This review
builds on previous works of Van Horn and Ernst (10)
and the ADA Hyperlipidemia Guide for Practice (origi-
nally presented in 2001 and currently available as the
ADA Disorders of Lipid Metabolism Evidence Based
Nutrition Practice Guideline, available at https:/www.
adaevidencelibrary.com/topic.cfm?cat=2651), which encom-
passed a literature search from 1991-2001 and included 67
primary and 30 review articles. A comprehensive literature
search was conducted using PubMed MEDLINE, the Data-
base of Abstracts of Reviews of Effects, and the Agency for
Healthcare Research and Quality (AHRQ). Additional arti-
cles were identified from bibliographies of recent review
articles and personal communication. The ADA Evidence
Analysis Library search was limited to human subjects,
English language articles, and initially articles published
from 2001-2004. Articles were excluded if the sample size
was <10 in each treatment group and the dropout rate was
>20%. Due to vast numbers of articles identified, additional
inclusion and exclusion criteria were applied to each topic.
Approximately 1,000 articles were identified initially. After
reviewing these articles for relevance and inclusion and
exclusion criteria, 83 primary and 19 review articles were
accepted and included. The expert panel also identified ma-
jor studies published after the completion of the original
literature search through 2006. More than 50 articles were
added. These findings provide the foundation for the ADA
Disorders of Lipid Metabolism Guides for Practice (https://
www.adaevidencelibrary.com/topic.cfm?cat=2651), which is
a more expansive and detailed resource for clinicians. This
review is an executive summary that documents relevant ev-
idence, lists conclusion statements, and identifies limitations
and gaps in knowledge that requires further research.

REVIEW OF MAJOR FACTORS

Dietary Fat-Related Components that Modify LDL Cholesterol
Levels: SFAs, Unsaturated Fatty Acids (UFAs), TFAs, and Dietary
Cholesterol

Population studies provide evidence of associations be-
tween diets high in SFA and increased total cholesterol
(T'C) and LDL cholesterol levels, as well as increased risk
of both CHD and CVD. Decreasing SFAs, TFAs, and
cholesterol in a diet that provides 20% to 35% of energy
from fat reduces risk of CHD and CVD. The average per
capita consumption of TFA in the United States approx-
imates 5.3 g TFA, or 2.6% of total energy; upper levels of
intake are of greater concern (11).

SFA, TFA, and dietary cholesterol increase TC and
LDL cholesterol levels in a dose-dependent manner, with
SFA and TFA having greater cholesterol-raising effects
than dietary cholesterol. Unlike SFA, which raises serum
levels of high-density lipoprotein (HDL) cholesterol, TFA
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decreases HDL cholesterol levels vs SFA, and increases
the TC/HDL cholesterol ratio in a dose-dependent man-
ner. Polyunsaturated fatty acids (PUFAs) lower TC and
LDL cholesterol levels, whereas monounsaturated fatty
acids (MUFAs) mainly have a neutral effect. Isocaloric
replacement of SFA with PUFA and MUFA decreases TC
and LDL cholesterol levels and the TC/HDL cholesterol
ratio (sometimes in response to changes in HDL choles-
terol level), which collectively reduces CHD/CVD risk (1).

Status of Current Research

Total Fat Reduction. Recent results from the landmark
Women’s Health Initiative reported that after 8.1 years
there were no statistically significant differences in car-
diovascular mortality among participants in the diet
modification intervention (<20% of energy from total fat
and increased fruit, vegetable, and grain intake) com-
pared to the control diet (12). Because this study’s pri-
mary outcome measure was breast cancer, there was no
specific intervention aimed at reducing SFA, TFA, or
blood cholesterol. Total fat intake was reduced by 8.2%
based on self-reported food frequency questionnaire data,
with small decreases in SFA (2.9% of energy), TFA (0.6%
of energy), MUFA (3.3% of energy), and PUFA (1.5% of
energy). Adherence data showed that those consuming
the lowest levels of SFA (6.1% of energy) had reduced risk
of CHD, stroke, and CVD compared to the control group
(hazard ratio [HR] 0.81, 95% confidence interval [CI] 0.69
to 0.96, P<<0.001; adjusted HR 0.82, 95% CI 0.67 to 0.99,
P=0.05). Similarly, those with the lowest TFA intake
(1.1% of energy) had reduced risk compared to controls
(HR 0.81, 95% CI 0.69 to 0.95, P<0.001; adjusted HR
0.84, 95% CI 0.69-1.02, P=0.10). These data are sup-
ported by the accompanying patterns of LDL cholesterol
level reductions in participants stratified by changes in
SFA at Year 1 (—10.1 mg/dL* 95% CI —13.5 to —6.6
mg/dL in the quartile with greatest reduction in SFA;
P=0.005 for trend) and TFA (—9.0 mg/dL, 95% CI. —12.5
to —5.6 mg/dL in the quartile with the greatest reduction;
P=0.03). Overall, the Women’s Health Initiative results
suggest that focusing on total fat led to reductions in
intake of all fatty acids with subsequent modest improve-
ment in LDL cholesterol level, but no improvement in
HDL cholesterol level or other lipid levels (12). It is evi-
dent that dietary advice regarding both qualitative and
quantitative aspects of fatty acid intake is needed to
maximize blood cholesterol lowering.

Saturated Fat- and Cholesterol-Restricted Diets. It has long
been known that diets containing <10% kcal from SFA
and <300 mg/day cholesterol lower TC and LDL choles-
terol levels. Reducing SFA to <7% of total energy and
dietary cholesterol to <200 mg/day results in further
LDL cholesterol lowering (10). Three randomized con-
trolled trials (RCTs) found that diets containing <7%
SFA and <200 mg/day cholesterol reduced LDL choles-
terol level by 9% to 12% compared to baseline values or to

*To convert mgldL cholesterol to mmol/L, multiply
mg/dL by 0.0259. To convert mmol/L choleseterol to mg/
dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/
dL=5.00 mmol/L.
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Table 1. Blood lipid—lipoprotein level responses to reduced saturated fatty acid (SFA) and cholesterol intake across recent trials

First author,
(y), (reference)

Population/duration

Intervention (type)

Major findings

Ginsberg (1998)
(16)

Obarazanek
(2001) (15)

Lichtenstein
(2002) (13)

Jenkins (2003)
(14)

Appel (2005)
(18)

n=103; healthy adults/
8 wk on each diet

n=290; adults; some
stage 1 hypertension;
some high LDL
cholesterol/8 wk on
each diet

n=236; adults; moderate
hypercholesterolemia/
32 d on each diet

n=25; healthy adults/4
wk

n=164; Adults;
prehypertension or
stage 1 hypertension;
6 wk each diet

6.1% SFA; =~ 275 mg/d cholesterol; 25%
total fat vs AAD (15% SFA, ~ 275 mg/d
cholesterol; 34% total fat) (RCT?,
crossover design)

DASH" diet (7% SFA; 141 mg/d cholesterol;
27% total fat vs control diet (14% SFA,
246 mg/d cholesterol; 37% total fat)
(RCT)

Step 2 diet (7% SFA; 66 mg/1,000 kcal
cholesterol; 28% total fat) vs Western
diet (15% SFA; 164 mg/1,000 kcal
cholesterol; 39% total) (RCT, crossover
design)

4.4% SFA; 34 mg/1,000 kcal cholesterol;
22% total fat vs baseline (RCT, feeding
trial); Portfolio diet discussed in text

Carbohydrate diet (6% SFA; 58%
carbohydrate; 27% total fat) vs protein
diet (6% SFA; 25% protein; 27% total
fat) vs MUFA" diet (6% SFA; 21% MUFA;
37% total fat) (RCT, crossover design,

11%] LDL® cholesterol (P<<0.01); 11%),
HDL® cholesterol (P<0.01); 9%7 TG
(NS°)

9%, in LDL cholesterol (P<<0.0001); 7.3%.,
in TCY (P<0.0001); 7.5%), HDL
cholesterol (P<<0.0001); no change in TG;
greater decreases in LDL cholesterol and
HDL cholesterol in subjects with higher
baseline levels

11%) in LDL cholesterol (P<0.001); 7%
HDL cholesterol (P<<0.001); no change in
TG

12%, in LDL cholesterol (P<<0.001) vs
baseline

11.6, 14.2, 13.1 mg/dL'}, in LDL cholesterol
level on the carbohydrate, protein, and
MUFA diets, respectively vs baseline (1.4,
—2.6, —0.3 mg/dL'}, in HDL cholesterol
level, respectively; +0.1, —16.4, —9.3

feeding trial)

mg/dL'| in TG, respectively); P values not
reported for | from baseline

@RCT=randomized controlled trial.
bLDL=low-density lipoprotein.

°HDL =high-density lipoprotein

4TG=triglycerides.

eNS=not significant

'DASH=Dietary Approaches to Stop Hypertension.
9TC=total cholesterol.

"MUFA=monounsaturated fatty acid.

To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.

a Western-type diet (13-15). Other RCTs with <300 mg/
day cholesterol report similar LDL cholesterol-lowering
response to SFA reduction (13-16). A meta-analysis of the
National Cholesterol Education Program Step 2 diet
studies (<7% SFA, <200 mg/day cholesterol) with weight
loss (3 to 6 kg) reported a 16% decrease in LDL choles-
terol level (17).

The OmniHeart Randomized Trial (18) recently evalu-
ated the effects of three reduced SFA and dietary choles-
terol diets that varied in macronutrients: one diet high in
dietary carbohydrates, one rich in protein, and one high
in UFAs and MUFAs. All diets provided 6% SFA. The
carbohydrate-rich diet provided 58% of energy from car-
bohydrate and 27% of energy from total fat, the protein-
rich diet provided 25% of energy from protein and 27% of
energy from total fat, and the UFA-rich diet provided 37%
of energy from total fat (21% MUFA). LDL cholesterol
levels decreased 11.6, 14.2, and 13.1 mg/dL on the carbo-
hydrate-rich, protein-rich, and UFA-rich diets, respec-
tively, vs baseline. HDL cholesterol level changed by
—1.4, —2.6, —0.3 mg/dL*, respectively. Triglyceride (TG)

levels changed by +0.1, —16.4, —9.3 mg/dL7 respectively.
Compared to the carbohydrate-rich diet, both the protein-
rich and UFA-rich diets significantly lowered TG levels.
The UFA-rich diet increased HDL cholesterol levels com-
pared to the carbohydrate-rich diet. Therefore, partial
substitution of carbohydrate for protein or UFA favorably
affects TG and HDL cholesterol levels (Table 1).

Portfolio Diet. The Therapeutic Lifestyle Changes diet rec-
ommended by ATP IIT is low in SFA (<7% energy) and
cholesterol (<200 mg/day) and also includes viscous fiber
(10 to 25 g/day) and plant sterols/stanols (2 g/day). The
portfolio diet is a vegetarian approach that meets these
recommendations and includes soy protein (21 g/1,000
kecal) and almonds (14 g/1,000 kcal) (14). In one small
study (n=25), this diet under controlled conditions re-

TTo convert mg/dL triglycerides to mmol/L, multiply
mg/dL by 0.0113. To convert mmol/L triglycerides to
mg/dL, multiply mmol/L by 88.6. Triglycerides of 159
mg/dL=1.80 mmol/L.
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duced LDL cholesterol levels by 35% after 1 month
(P<0.001) (14). A longer-term (1 year) study of the port-
folio diet (n=66) reported that individuals who adhered
well (31.8% of participants) to the diet reduced LDL cho-
lesterol levels by 29.7% (no P value given) (19). Larger
studies across different age and ethnic groups are needed.

Individual Fatty Acid Modifications/Substitutions. Several types
of trials have evaluated the effect of different fatty acids
on LDL cholesterol levels and found consistent positive
correlations with total dietary SFA. For every 1% change
in total energy from SFA, a 1.8 mg/dL change in LDL
cholesterol level was expected (20). For every 1% increase
in PUFA, a 0.50 mg/dL decrease in LDL cholesterol level
was predicted. Replacing SFA with MUFA (diets pro-
vided 4% to 12% and 17% to 33%, respectively) decreased
LDL cholesterol between 2.2% and 21.6% (21). A random-
ized crossover trial that substituted carbohydrate or oleic
acid for LDL cholesterol-raising SFA (eg, lauric, myristic,
and palmitic fatty acids [LMPs] at 8% of energy), de-
creased LDL cholesterol levels 4.8% and 8%, respectively
(22). Isocalorically replacing dietary carbohydrate with
MUFA and PUFA lowered the TC/HDL cholesterol ratio
compared to SFA as reported in a meta-analysis of 60
RCTs (23). Moreover, LMP raised LDL cholesterol and
HDL cholesterol levels whereas stearic acid had a neutral
effect. The authors emphasized that risk reduction is
most effective when SFA and TFA are replaced with
cis-UFA.

Replacing SFAs with TFAs. The meta-analysis (23) also re-
ported that trans MUFA (intake ranged from 0% to 10.9%
of energy) increased the TC/HDL cholesterol ratio almost
twice that of SFA at a comparable dose. Previously, it was
reported that replacing 10% of energy from butter with
stick margarine (high in TFA) lowered TC by 7.3 mg/dL*,
LDL cholesterol by 4.2 mg/dL, and HDL cholesterol by
0.77 mg/dL, respectively, with no effect on TC and HDL
cholesterol (24). Replacement with soft-tub margarine
low in TFA decreased TC by 9.7 mg/dL and LDL choles-
terol by 7.7 mg/dL, respectively, did not affect HDL cho-
lesterol levels, and decreased TC/HDL cholesterol ratio
by 7.7 mg/dL. The authors emphasized the importance of
reducing both SFA and TFA and replacing them with
UFA for the most favorable response (23).

RCTs with TFAs. Three RCTs with small sample sizes in-
volving either mildly hypercholesterolemic or healthy
men and women were reviewed (Table 2). A study of 30
mildly hypercholesterolemic men and women (LDL cho-
lesterol >130 mg/dL) compared the effects of diets con-
taining soybean oil, semiliquid margarine, soft-marga-
rine, shortening, and stick margarine (TFA=0.55%,
0.91%, 3.3%, 4.15%, and 6.72% of total energy, respec-
tively) on lipids and lipoproteins (25). LDL cholesterol
level decreased by 12%, 11%, 9%, 7%, and 5%, respec-
tively, compared to a diet rich in butter (TFA=1.25% of
total energy) (P<0.05). HDL cholesterol level was 6%
lower only on the stick margarine diet (highest level of
TFA; P<0.05). TC/HDL cholesterol ratio was lowest on
the soybean-oil or semiliquid margarine diets and highest
on the stick margarine diet. In addition, TFA decreased
LDL cholesterol particle size in a dose-dependent manner
(P<0.001) (25). In 32 healthy men and women (26), a diet
high in TFA (9.3% of energy; SFA=12.9% of energy) vs a
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diet high in SFA (TFA=0.3% of energy, SFA=22.9% of
energy) evoked a similar LDL cholesterol response, TC
was 12 mg/dL lower (P=0.0007), and HDL cholesterol
was 16.6 mg/dL lower (P<0.0001), whereas the LDL/HDL
cholesterol ratio was higher (P<0.0001) after the TFA
diet. The third study utilized six diets and mildly hyper-
cholesterolemic adults. Each diet period was 5 weeks and
the diets differed by 8% in the energy provided by either
carbohydrate or different fatty acids (22). Two diets high
in TFA (4% or 8% energy) were compared to a diet rich in
LMP. LDL cholesterol was 4.8% higher after the 8% TFA
diet and HDL cholesterol significantly lower (10% and
11%, respectively) compared to LMP. These results dem-
onstrate that dietary TFA should be avoided.

Replacing Carbohydrates with TFAs. Mensink and Katan (23)
reported that when carbohydrates were isocalorically re-
placed (for every 1% of energy) with ¢trans MUFA, TC
(coefficient 0.031; 95% CI 0.02 to 0.042), LDL cholesterol
(coefficient 0.04; 95% CI 0.02 to 0.06), and TC/HDL cho-
lestrol (coefficient 0.022; 95% CI 0.005 to 0.038) in-
creased, and HDL cholesterol and TG were unaffected.
Also, Judd and colleagues (22) reported that in 50 men,
diets high in TFA (4% and 8% of energy) increased TC,
LDL cholesterol level, and TC/HDL cholesterol ratio vs
dietary carbohydrate. There was no effect of TFA on HDL
cholesterol level or HDL cholesterol subfractions.

Published Research on Effect of TFAs on Lipid Levels Since
Completion of ADA Evidence Analysis Library

Consistent with earlier results reporting increases in
LDL cholesterol with trans fat compared to dietary car-
bohydrate, a recent study found an LDL cholesterol-rais-
ing effect with partially hydrogenated soybean oil
(PHSO) containing 2.5% of energy from TFA compared to
standard soybean oil or low SFA soybean oil (27). Com-
pared to the standard soybean oil diet, the difference in
LDL cholesterol was —3.2% for the soybean oil compared
to an increase of 5.6% for the PHSO (P<0.05). A high oleic
acid soybean oil and low linolenic acid soybean oil also
showed a similar LDL cholesterol-lowering effect. Com-
pared to the standard soybean oil diet, LDL cholesterol
levels did not change on the high oleic soybean oil diet or
the low linolenic acid soybean oil diet (141.3 mg/dL vs
142.8 mg/dL, and 143.2 mg/dL, respectively). The TC/
HDL cholesterol ratio was significantly higher after the
PHSO vs standard, low SFA, and high oleic soybean oils
(183 mg/dL vs 176 mg/dL, 171 mg/dL, and 169 mg/dL,
respectively). All nonhydrogenated soybean oils resulted
in more favorable lipid profiles than PHSO.

Two studies evaluated ruminant TFAs on blood lipid
profiles of healthy men (28,29). One study (28) evaluated
the effects of dairy products enriched in cis-9, ¢trans-11
conjugated linoleic acid trans-11, 18:1 in healthy middle-
aged men. After consumption of 1.42 g/day ruminant
trans fat there was no effect on TC, LDL cholesterol, and
HDL cholesterol levels. The LDL/HDL cholesterol ratio
increased by 4% (P=0.023) compared to baseline. A study
conducted by Tholstrup and colleagues (29) evaluated the
effects of test diets high (3.6 g/day) or low (0.4 g/day) in
vaccenic acid (provided by butter) on lipids and lipopro-
teins. The high vaccenic acid diet decreased TC levels
—6% (P=0.05) and HDL cholesterol levels —9%
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Table 2. Blood lipid-lipoprotein level responses to changes in trans-fatty acid (TFA) intake across recent trials

First author, (y),
(reference)

Population/duration

Intervention (type)

Major findings

Lichtenstein (1999) (25)

de Roos (2002) (26)

Judd (2002) (22)

Lemaitre (2006) (34)

Colon-Ramos (2006)
(33)

Lichtenstein (2006) (36)

Tricon (2006) (28)

Tholstrup (2006) (29)

N=36; adults;
hypercholesterolemic (LDL?
cholesterol >130 mg/dL®/35 d
each

N=32; healthy adults/4 wks each

N=50; men;
normocholesterolemic/ 5 wk
each

N=214; subjects with IHD" and
214 controls/6 y (1992-1998)

1,797 incident cases of first
nonfatal MI' matched with
1,797 population controls/
between 1994 and 2004

30 moderately hyperlipidemic
adults /5 experimental diets
consumed for 35 d each

Healthy middle-aged men
(N=32)/2 diets consumed for
6 wk each with a 7-wk
washout between periods

Healthy young men (N=42)/5 wk

Soybean oil (TFA=0.55% of total energy); semiliquid
margarine (TFA=0.91% of total energy); soft-
margarine (TFA=3.3% of total energy); shortening
(TFA=4.15% of total energy); and stick margarine
(TFA=6.72% of total energy) vs butter (TFA=1.25%
of total energy) (RCTC, crossover design, feeding
study)

Trans-diet (TFA 9.3% of energy; SFA" 12.9% of energy)
vs sat-diet (TFA 0.3% of energy, SFA 22.9% of
energy) (RCT, crossover design, feeding study)

TFA 4% or 8% energy vs diet rich in LMP? or
carbohydrate (RCT, crossover design, feeding study)

Cardiovascular Health Study of subjects with fatal IHD;
study of TFAs in plasma (case-control nested study)

Comparison of adipose tissue TFA (observational study)

Subjects fed diets at 30% energy from fat, soybean
oils with different fatty acid profiles: regular, low-sat
fat, high-oleic, low-«-linoleic, or partially
hydrogenated (controlled feeding study)

Consumption of ultra heat-treated milk, butter, and
cheese that provided 0.151 g/d (control) or 1.421
g/d (modified) cis-9,frans-11 conjugated linoleic acid
(randomized, double-blind, placebo-controlled,
crossover design, feeding study)

Consumption of test butter high in vaccenic acid (3.6
g/d) or a control butter with low content of vaccenic
acid (double-blind, randomized, parallel intervention
study)

| LDL cholesterol 12%, 11%, 9%, 7%, 5% (P<<0.05), no |
HDL® cholesterol except stick margarine |, HDL
cholesterol 6% (P<<0.05), TC® HDL cholesterol was lowest
with the soybean-oil and semiliquid margarine and highest
with stick margarine, TFA | particle size in a dose-
dependant manner (P<<0.001)

Compared to the diet rich in SFA, the diet rich in TFA | TC
0.31 mmol/L® (P=0.0007), | HDL cholesterol 0.36 mmol/
L® (P<0.0001), with nonsignificant effects on LDL
cholesterol and triacylglycerols.

Compared to LMP, 8% TFA diet T LDL cholesterol 4.8%
(P<0.01), | HDL cholesterol 11.1% (P<0.01); 4% TFA
| HDL cholesterol 9.9%

Higher levels of plasma phospholipid trans 18:2 fatty acids
associated with higher risk of IHD (odds ratio for
interquintile range 1.68, 95% confidence interval 1.21 to
2.33) after adjustment for risk factors and frans 18:1
levels. Trans 18:1 levels above the 20th percentile
associated with lower risk (odds ratio 0.34, 95%
confidence interval 0.18 to 0.63)

Total TFA positively associated with 1 MI risk after adjusting
for established risk factors (odds ratio by quintiles of total
TFA: 1.00, 1.37, 1.91, 1.86, 3.28; P for trend <0.001).
The association was mostly due to 18:2 trans

Favorable LDL cholesterol level was associated with all
varieties of soybean oil, except the partially hydrogenated
form (P<<0.05)

LDL/HDL cholesterol from baseline to end of phase | —0.10
in control condition; 1 0.11 in modified condition
(P=0.023). Other changes not significant. Dairy products
naturally enriched (modified condition) do not appear to
have a significant effect on blood lipid profile.

Butter high in ruminant trans or vaccenic acid | TC by 6%
(P=0.005) and | plasma HDL cholesterol by 9%
(P=0.002) compared to controls. Ratio of total to HDL
cholesterol did not differ significantly between groups.

aLDL=low-density lipoprotein.

5To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.

°RCT=randomized controlled trial.
9HDL=nhigh-density lipoprotein.
¢TC=total cholesterol.
'SFA=saturated fatty acid.

9LMP=lauric, myristic, and palmitic fatty acids.

"HD =ischemic heart disease.
iMI=myocardial infarction.




(P=0.002). The TC/HDL cholesterol ratio was unchanged.
The available data indicate that the isomeric structure of
TFA affects the cholesterolemic response.

Effect of TFAs on Coronary Events

A case-control study (30) (N=964) reported that the high-
est (4.40 g/100 g) vs lowest (1.84 g/100 g) quintile of
adipose tissue TFA was associated with an approximate
threefold increased risk of myocardial infarction (MI)
(P<0.05). Adipose tissue TFA is considered a reasonable
objective marker of long-term TFA intake, but cost, dis-
comfort, and inconsistent sensitivity of measures pre-
cludes routine use for clinical screening.

A prospective cohort study of 667 male participants
noted a 2% energy increase in TFA was associated with a
1.3-fold increased risk of MI in 98 cases within 10 years
(P=0.0001) (31). The Nurses’ Health Study (32) reported
that the highest (5.7 g/day) vs the lowest (2.4 g/day)
quintile of TFA intake was associated with an increase in
CHD risk (121,700 female participants, relative risk (RR)
1.50, 95% CI 1.12 to 2.00, P for trend=0.001). Studies
continue to provide compelling reasons to avoid TFA.

Published Research on Effect of TFAs on Coronary Outcomes
since Completion of the ADA Evidence Analysis Library

In an observational study conducted in Costa Rica (33), total
adipose tissue TFA was positively associated with increased
MI risk after adjusting for established risk factors. By adi-
pose tissue total TFA quintiles, the odds ratio (OR) values
were 1.00, 1.37, 1.91, 1.86, and 3.28 (P for trend <0.001).
The association was due mainly to adipose tissue C18:2
TFA. Similiar findings were reported in a case-control study
with 214 subjects with fatal ischemic heart disease (34). In
this study, higher levels of plasma phospholipid ¢trans 18:2
fatty acids were associated with higher risk of fatal ischemic
heart disease (IHD). Interestingly, higher levels of trans
18:2 fatty acids were associated with higher risk whereas
trans 18:1 fatty acids were associated with lower risk. A
recent analysis of Nurses’ Health Study data (35) showed
that total TFA (measured in red blood cells, a good biomar-
ker of intake) was associated with an elevated risk of CHD.
Thus, on the basis of the clinical trial evidence and much
observational data, reducing elaidic acid as well as other
synthetic TFA is appropriate. The limited evidence for ¢trans
18:2 fatty acid suggests that targeted efforts are needed to
also reduce this trans isomer. With respect to the trans
isomers in ruminant fat, it is clear that more research is
needed before definitive recommendations can be made.

Summary of Research-Based Dietary Recommendations and
Fat-Related Components that Modify LDL Cholesterol Level

The Therapeutic Lifestyle Changes diet, providing 25% to
35% of energy from total fat, <7% from SFA and TFA
combined, and <200 mg/day dietary cholesterol is recom-
mended by ATP III (1). The American Heart Association
recommends a diet that contains <7% from SFA and <1%
of energy from TFA. Tailoring the diet to meet individual
needs is encouraged. Based on energy needs and risk
factors, SFA and TFA should be replaced isocalorically
with complex carbohydrates and/or UFA, including both
MUFA (not to exceed 20% of energy) and PUFA (not to
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exceed 10% of energy). This approach involves shifting
the food pattern to include more plant-based and fewer
animal foods. Detailed guidance on how best to achieve
this eating pattern is provided in the 2006 American
Heart Association Diet and Lifestyle Recommendations
revision (36). A recent publication from an American
Heart Association Conference on Trans Fat Alternatives
summarizes the complexities of completely reducing di-
etary TFA and discusses the significant progress that has
been (and is being) made to achieve this goal (37).

Additional Research Needed

Table 1 summarizes recent high-quality studies regarding
the effects of reducing SFA on lipid and lipoprotein levels
based on RCT data. Research is needed to further define the
optimal macronutrient substitutions qualitatively and
quantitatively for SFA, TFA, UFA, protein, and carbohy-
drate to attain the most beneficial lipid and lipoprotein
profile in the general population and in patients at in-
creased risk for CVD. Effects of the specific TFA isomers on
lipid and lipoprotein levels remain unclear.

NUTS AND LIPID LOWERING

General Relationship

Observational studies reported that nut consumption is
associated with a reduced CHD risk (38). A dose-depen-
dent relationship has been reported but controlling for
confounders is challenging in these studies. The reported
cardioprotective effects may be due, in part, to the unique
nutrient profile of nuts.

Potential Mechanisms

Nuts are high in UFA and low in SFA. Some nuts, like
walnuts, are high in ALA. Nuts are also a source of
vegetable protein and plant sterols. Because of their nu-
trient profile, nuts favorably affect lipid and lipoprotein
levels. In addition, nuts may displace foods high in SFA
and cholesterol thereby further favorably affecting
plasma lipid and lipoprotein levels.

Status of Current Research

Five controlled studies conducted from 2000 to 2003 were
included in this review (Table 3). Sample sizes were small
(mostly) and subjects studied were healthy; one study
evaluated subjects with type 2 diabetes. After 2 to 8
weeks, daily consumption of 50 to 113 g nuts (walnuts,
almonds, almond oil, and pecans) decreased TC (4% to
22%) and LDL cholesterol (6% to 30%) levels (39-43).
Only one study (43) found no change in TC, but LDL
cholesterol level was 10% lower (43). Findings regarding
HDL cholesterol levels were mixed. Eleven clinical trials
confirmed these findings when 18% to 20% of energy is
consumed as walnuts, almonds, peanuts, macadamia and
pistachios (44). One study (40) reported no effect on in-
sulin sensitivity. Long-term effects are unknown.
Despite beneficial effects of nuts, it should be noted
that three studies (39,41,42) were confounded by higher
SFA and cholesterol content of the reference diets com-
pared to the nut-rich diets, which may partially explain
the observed reductions in TC and LDL cholesterol levels.



Table 3. Blood lipid—lipoprotein level responses to nuts across recent trials

First author, (y),
(reference)

Population/duration

Intervention (type)

Major finding?

Iwamoto (2002)
(39)

Lovejoy (2002)
(40)

Sabate (2003)
(41)

Hyson (2002)
(42)

Morgan (2000)
(43)

Zibaeenezhad
(2006) (45)

Tapsell (2004)
(47)

Zhao (2004) (46)

40 healthy men and
women/2 wk

20 healthy men and
women/4 wk

25 healthy men and
women; multiethnic/4
wk

22 healthy men and
women/6 wk

19 healthy men and
women/8 wk

52 subjects with
hyperlipidemia/8 wk

58 men and women with
type 2 diabetes/6 mo

20 men and 3 women with
moderately elevated LDL
cholesterol level/6 wk

50-54 g walnuts daily; SFA® was
~7% on the reference diet and
~5% on the walnut diet
(randomized crossover design)

100 g almonds daily

20% of fat from almonds (~68 g) vs
Step 1 diet. High almond diet
provided 6% less energy from SFA
vs Step 1 diet (randomized
crossover design)

66 g almonds daily or 35 g almond oil
daily. SFA intake was 8% on
almond diets and 10% at baseline
(randomized crossover design)

68 g pecans daily. SFA intake did not
differ between the experimental and
baseline diet (randomized controlled
trial)

Persian walnuts (20 g/d) for 8 wk
(randomized case-control parallel
arm study)

Walnuts (30 g/d) for 6 mo
(randomized case-control parallel
arm study)

Walnuts (37¢/d) and walnut oil (15
g/d) that provided a high linoleic
acid diet for 6 wk (randomized
crossover study)

| TC®4.5%, | apo B 7.7%, | LDL%/
HDL' cholesterol ratio 10.3% vs control
diet (P<0.05)

| TC 21%, | LDL cholesterol 29% vs
baseline (P<0.001)

| TC 4.4%, | LDL cholesterol 7.0% vs
Step 1 diet (P<0.001)

Both diets produced comparable lowering
of serum lipids: | TC 4%, | LDL
cholesterol 6%, | TG® 14%, 1 HDL
cholesterol 5% vs baseline (P<<0.05)

| LDL cholesterol 6% vs baseline
(P<0.05) and | LDL cholesterol 19%
vs control group (P<<0.05)

| TG 17% (P<0.02), 1 HDL
cholesterol 9% (P<<0.03)

| LDL cholesterol 10% (P=0.03), 1
HDL cholesterol (from 1.10 to 1.30
mmol/L") (P=0.05)

| TC 11%, | LDL cholesterol 12%, |,
TG 18%, | apo B 9% vs average
American diet (P<<0.05 for all)

°TC=total cholesterol.

9TG=triglycerides.

dapo B=apolipoprotein B.
eLDL=low-density lipoprotein.
HDL=high-density lipoprotein

2All significant findings reported.
PSFA=saturated fatty acid.

"To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7.Cholesterol of 193 mg/dL=5.00 mmol/L.

In these studies (39,41,42), the nut diets provided 2% to
6% fewer SFA kilocalories compared to the reference diet.
In addition, one study (42) fed four different diets with
varying levels of total fat (37% or 25%) and found dietary
fat level had more of an effect on serum lipid levels than
did fat source (almonds vs olive or canola oil). TC level
was 3% lower with lower fat intake, while TG was 16%
lower and TC/HDL cholesterol ratio was 4% lower with
the higher fat intake (42). One walnut study reported an
inverse association between ALA intake and LDL choles-
terol level in women (Table 3) (39).

Published Research on Nuts Since Completion of the ADA
Evidence Analysis Library

Since the ADA Evidence Analysis Library review was
conducted, three studies have been published evaluating
the effects of walnuts on lipid and lipoprotein levels in
hypercholesterolemic subjects (45,46) and subjects with

type 2 diabetes (47). Subjects received 20 g walnuts (45),
30 g walnuts (47), or 37 g walnuts plus 15 g walnut oil per
day (46) for 8 weeks, 6 months, and 6 weeks, respectively.
The test diets with walnuts significantly decreased LDL
cholesterol 10% (P=0.03) (47) and 12% (P<0.05) (46).
Triglyceride levels decreased in two studies by 17%
(P<0.05) (45) and 18% (P<0.05) (46). In addition, HDL
cholesterol levels increased in two studies by 9% (P<0.03)
(45) and approximately 18% (P=0.05) (47).

Effects of Nut Consumption on CHD Events: Observational Data

The Nurses’ Health Study (48) evaluated the association
between nut consumption and relative risk of CHD in
86,016 women. After 14 years of follow-up, 1,255 CHD
events were reported. After adjusting for age, smoking, and
other known CHD risk factors, women who ate more than 5
oz nuts/week had a significantly lower CHD risk than those
who rarely or never ate nuts. In 1980, 5% of women reported
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eating nuts =5 times/week but this level dropped by 1990
where only 3% reported eating nuts this often (P=0.0009).
Whether other confounders may influence these results is
difficult to assess from food frequency data.

Summary of Research-Based Dietary Recommendations and Nut
Consumption

Consumption of % oz to 1 oz unsalted nuts daily or up to
5 oz weekly, isocalorically substituted for other foods (to
prevent excessive energy intake and weight gain), is sug-
gested to confer cardiovascular benefits (44). Table 3 sum-
marizes current research evidence from RCTs.

SOY AND LDL CHOLESTEROL LEVEL LOWERING
General Relationship

Controlled clinical studies as well as meta-analyses have
evaluated the effects of soy on lipid and lipoprotein levels.
Interpretation of the results of these studies has been com-
plicated by numerous factors, such as the amount and var-
ious forms of soy used, including soy protein, soy protein
isolate, soy flour, and soy oil, and more specifically the
isoflavones comprising soy protein, genestein, and daidzein.
Differences in baseline lipid levels have further confounded
results because subjects with higher baseline values are
generally more responsive. Other limitations in study de-
sign and nonstandardized methodology often preclude gen-
eralizability and further reduce strength of evidence.

Potential Mechanisms

Soy has a modest LDL cholesterol-level lowering effect pos-
sibly via substitution for other animal protein-rich foods
with higher saturated fat content or a potentially favorable
effect on LDL-receptor status, which lowers serum LDL
cholesterol levels. Soy isoflavones also may have beneficial
vascular effects, but these results are inconclusive.

Status of Current Research

Two meta-analyses and five clinical trials were reviewed to
examine the effects of soy protein on lipids and lipoproteins
(Table 4). Of these studies, one meta-analysis and five clin-
ical studies evaluated isoflavones as well as soy protein.
In a 1995 meta-analysis of 29 studies, a soy protein diet
(mean 47 g/day) compared to a control diet, reduced TC by
9.3%, LDL cholesterol by 12.9%, and TG by 10.5% (49).
Initial cholesterol value was the primary predictor of
cholesterol response because the higher the initial cho-
lesterol, the greater the cholesterol-lowering diet effect.
A more recent meta-analysis of 10 studies with a total of
959 participants found soy protein plus isoflavones (26 g soy
protein and 52 mg isoflavones, on average) in place of ani-
mal or dairy protein did not significantly lower LDL choles-
terol level; however, it increased HDL cholesterol levels by
3% (50). The recent RCTs have also reported conflicting
results when 26 to 50 g soy protein with 80 to 165 mg
isoflavones were evaluated (Table 4). All studies involved
patients with type 2 diabetes and/or hypercholesterolemic
participants and reported decreases in TC (4% to 12.5%)
and LDL cholesterol (7% to 18%) (51-54). One study in
postmenopausal women with hypercholesterolemia re-
ported improved endothelial function but no effect on blood
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lipid levels (55). TG level was reduced in one study (51),
whereas four studies found no effect (52-55).

One of the five RCTs assessed a potential dose-response
relationship between soy protein and isoflavones and
changes in lipid levels. This study reported no difference
between a commercial product containing 30 g isolated
soy protein with 81 mg aglycone isoflavones or 50 g iso-
lated soy protein with 135 mg aglycone isoflavones (108
male, 22 female participants; P=0.01) (54).

Published Research on Soy and CVD Since Completion of the
ADA Evidence Analysis Library

More recent studies demonstrate little effect of soy protein
with and without isoflavones on lipid and lipoprotein levels
in healthy subjects (56-58). Subjects consumed similar
amounts of soy protein daily: 31.5 g soy protein and 120 mg
isoflavones in the aglycone form; 32 g soy protein isolate
either low or high in isoflavones (ie, 1.64 mg or 61.7 mg
aglycone isoflavone); and 30 g soy protein, 100 mg isofla-
vones, and 9 g cotyledon fiber, respectively. The study by Ma
and colleagues (56) used water-washed (which preserves
the isoflavone content) not alcohol-washed soy protein. All
three studies reported no significant effects on lipid and
lipoprotein levels in normocholesterolemic (57) or hypercho-
lesterolemic subjects (56,58). However, McVeigh and col-
leagues (57), despite no effects on lipids and lipoprotein
levels, reported that both soy protein treatments similarly
and significantly lowered the ratios of TC/HDL cholesterol
(5%; P<0.05); LDL/HDL cholesterol (8.6%; P<0.05); and
apolipoprotein B (apo B):apolipoprotein A (6.3%; P<0.05)
(57). In addition, when equol excretion status was included
as a covariate in the statistical model, LDL cholesterol level
was significantly lower after consumption of both low and
high isoflavone soy protein isolate. Some people form and
excrete equol, which is a measure of biotransformation of
soy isoflavones to the more potent estrogenic isoflavone,
equol (59). In the study by Hermansen and colleagues (58),
a subset of subjects (postmenopausal women) who partici-
pated in a substudy to evaluate the vascular effects of soy
protein plus cotyledon and isoflavones, the soy supplement
decreased LDL cholesterol levels 7.6% compared to the pla-
cebo.

Soy protein (30 g/day) (60) or soybean B-conglycinin (5
g/day; one of the major soy storage proteins in soy protein
isolate) (61) was studied in two different subject cohorts:
dialysis patients with hypercholesterolemia (60) or sub-
jects with elevated LDL cholesterol and TG levels (61). In
patients undergoing hemodialysis (n=27), soy protein
substitution for milk protein decreased TC 17%, LDL
cholesterol 15%, and apo B 14% (P=0.05 for all) (60). In
the study by Kohno and colleagues (61), subjects with
hypertriglyceridemia were given B-conglycinin for 4, 8,
and 12 weeks and TG levels decreased by 13.6% com-
pared to baseline. In another experiment in that article
(61) with subjects with visceral obesity, B-conglycinin had
no effect on lipid and lipoprotein levels after 20 weeks of
treatment.

As discussed earlier, Jenkins and colleagues (19) con-
ducted a 1-year study to test the effectiveness of imple-
mentation of the Portfolio Diet by hyperlipidemic, free-
living subjects (N=66). Subjects were instructed to
consume a low-fat diet with 22.5 g soy protein per 1,000
kcal from soy milk and soy meat analogs with: 1.0 g plant



Table 4. Blood lipid-lipoprotein responses to soy intake across recent trials

First author, (y),
(reference)

Population/duration

Intervention (type)

Maijor findings

Hermansen
(2001) (51)

Jayagopal (2002)
(52)

Puska (2002)
(53)

Tonstad (2002)
(54)

Cuevas (2003)
(99)

Ma (2005) (56)

McVeigh (2006)
(57)

Hermansen 2005

(58)

Jenkins (2006)
(19)

Chen (2006) (60)

Kohno (2006)
(61)

n=14 men with type 2 diabetes
n=6 women with type 2
diabetes; 15 wk

N=32 postmenopausal women
with diet-controlled type 2
diabetes; 12 wk per treatment
plus 2-wk washout

N=60 men and women; 6 wk

N=130 men and women with
hyperlipidemia

N=18 postmenopausal women
with hyperlipidemia

N=159 men and women

N=35 males

N=100 participants with
hypercholesterolemia

N=66 men and women with
hyperlipidemia

N=26 patients on hemodyalisis
with hypercholesterolemia

N=138 age 26-69 y with TG
>1.69 mmol/L?

Supplement with 50 g isolated soy
protein, total isoflavones 165
mg, and 20 g soy cotyledon
fiber vs placebo supplement.
Controlled double-blind
crossover with 23-wk washout

Soy treatment: 30 g isolated soy
protein with 132 mg isoflavones.
The product was completely
devoid of soluble fiber and each
sachet provided 243 kcal vs
control treatment, of an identical
sachet containing 30 g pure
microcrystalline cellulose of no
significant caloric content.
Randomized controlled trial,
double-blind, placebo-controlled.

Randomized controlled trial,
double-blind, parallel, single-
center trial. Isolated soy protein
supplement added to regular
diet.

Fed 30 g isolated soy protein vs
casein

Low-fat diet randomized to isolated
soy protein vs casein 4 wk then
alternate treatment

Randomized double-blind placebo
controlled trial; soy with
isoflavones vs milk protein; 5 wk

Randomized to soy protein isolate
vs milk protein isolate; 57 d
each

Randomized double-blind parallel
intervention; 24 wk soy
supplement with isoflavones vs
dairy protein

Randomized controlled trial/12 mo;
low-saturated-fat diet plus
almonds, plant sterols, fiber and
22.5 g soy protein

Randomized double blind clinical
trial; 4 wk run-in phase Isolated
soy protein vs milk protein

Randomized into B-conglycinin vs
casein; 12 wk/ 4-wk washout

LDL? cholesterol —10% (P<0.05)
LDL/HDL® ratio —12 % (P<<0.05)
TGS —22% (P<0.05)

HDL no change

Serum insulin HOMA-IR® and HbA1c®
decreased (—8.09%, P=0.006%,
-6.47%, P=0.003, —0.064%,
P=0.048, respectively)/12 wk soy.

TC" —4.07%, P=0.004, LDL
cholesterol —7.09%, P=0.001; no
changes in HDL or TG

LDL cholesterol level reduced 0.27
mmol/LY; P=0.049

No significant differences in any lipid—
lipoprotein measure

No significant differences in LDL
cholesterol level; flow-mediated
dilation was improved

No significant differences in soy based
LDL cholesterol level reduction,
regardless of isoflavone content

No significant differences in individual
serum lipid levels, ratios were
favorably enhanced

No significant changes in lipid levels
observed

LDL cholesterol level reduced
—14.0% and —12.8 (P<<0.001)
respectively at 3 mo and 1 y. Better
adherence to all diet constituents
yielded best results

Significant changes in TC, LDL
cholesterol levels: —17.2% and
—15.3%, respectively (P=0.03 and
P<0.05, respectively)

Serum TG reduced by 0.31+0.08,
0.26+0.09, and 0.360.09 mmol/
L® respectively after 4, 8, and 12
wk intervention, respectively

3 DL=low-density lipoprotein.
PHDL=high-density lipoprotein.

°TG=triglycerides.

9HOMA-IR=homeostasis model assessment insulin resistance.

°HbA1c=hemoglobin Alc.

fTC=total cholesterol.

9To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.
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sterols per 1,000 kcal, 10 g viscous fiber per 1,000 kcal,
and 23 g whole almonds per 1,000 kcal. After 1 year, LDL
cholesterol levels decreased 12.8% (P<<0.001). Of note, is
that 32% of participants had LDLcholesterol level reduc-
tions >20% after 1 year (these were subjects who adhered
best to the diet) (19).

In 2006 the American Heart Association published a
critical summary of the literature regarding soy and re-
ported that LDL cholesterol levels lowered about 3% in
RCTs of isolated soy protein with isoflavones vs milk or
other proteins. On the basis of study design and strength
of evidence, the American Heart Association concluded
that soy offered no particular advantages in lipid lower-
ing but served as an excellent vegetable protein source for
low-SFA diets (62).

US Food and Drug Administration (FDA) Health Claim for Soy
Protein

In 1999, the FDA issued a health claim stating that 25
g/day soy protein was associated with reduced risk of
CHD. The current research does not support the earlier
findings that were the basis for the FDA health claim. Soy
foods can be used as a plant protein substitute for animal
protein foods high in SFA (62), but expected LDL choles-
terol lowering may be modest and most likely in subjects
with hypercholesterolemia.

Additional Research Needed

As recommended by the American Heart Association Sci-
ence Advisory Committee on soy protein (62), studies are
needed to assess and compare the influence of higher
protein intake from plant vs animal sources on CVD risk
factors. In the meantime, soy protein foods could provide
a useful strategy for decreasing saturated fat intake
when substituted for animal foods.

PHYTOSTEROLS AND LDL CHOLESTEROL LEVEL LOWERING
General Relationship

Plant sterols (phytosterols) are chemically related and
structurally similar to cholesterol. The most common
phytosterols include B-sitosterol, campesterol, and stig-
masterol. Sitostanol is the most common plant stanol,
which is a saturated derivative of sitosterol. Sterol/stanol
esters are esterified to UFA to facilitate maximal incor-
poration into small amounts of fat.

Potential Mechanisms

Plant sterols and stanols decrease TC and LDL choles-
terol levels by reducing dietary and biliary cholesterol
absorption via the displacement of cholesterol from mi-
celles resulting in reduced cholesterol solubility in the
intestine.

Status of Current Research

RCTs have demonstrated cholesterol-lowering effects of
esterified plant sterols and stanols in normocholester-
olemic and hypercholesterolemic individuals (Table 5).
Three studies examined sterol-enriched foods (eg,
spreads, low-fat yogurt, and bakery products) in normo-
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cholesterolemic participants and found that after 4 weeks
to 1 year of consumption, 1.6 to 3.2 g/day sterols reduced
TC 4% to 8.9%, and LDL cholesterol 6% to 14.7%
(23,63,64). Similar results were reported in two studies
conducted with Japanese adults given 2 or 3 g/day plant
stanol or sterols (65,66). One study did not report a sig-
nificant decease in TC and LDL cholesterol levels with 0,
3, 6, or 9 g/day sterol ester-enriched spreads and salad
dressings (67). Recent research with plant stanols and
sterols used low-fat hard cheese (68) as the food source
and different population groups, including subjects with
hypercholesterolemia taking statin drugs (69,70) and
postmenopausal women with and without CAD (71). The
results consistently show a similar LDL cholesterol level
reduction as reported in earlier studies (ie, 5.8%, 9.1%,
and 7.9% reduction respectively, in response to 1.8 to
2.0 g plant stanols (68-70). Plant sterol esters decreased
TC by 8.7% in the coronary group and 11% in the non-
coronary group (71). These results are consistent with a
recent meta-analysis of six studies conducted in normo-
and hypercholesterolemic subjects that evaluated choles-
terol-lowering effects of phytosterols/stanols and reported
7% to 11% decrease in LDL cholesterol after 4 weeks to 3
months of intervention (72).

Seven studies evaluated the cholesterol lowering effec-
tiveness of esterified and nonesterified plant sterols and
stanols in adults with hypercholesterolemia (73-79). Four
studies with 36 to 115 subjects found that 1.5 gto 5 g
esterified and non-esterified plant sterols (in margarine,
fortified orange juice, bread, meat products, and jam)
consumed for 5 weeks to 1 year lowered TC 7.2% to 10.2%
and LDL cholesterol 11.3% to 14.1% (73-76,79). In three
other studies, 1.6 g to 3.2 g/day esterified and nonesteri-
fied stanols (in enriched bread, cereals, and spreads) re-
duced TC 2.8% to 11.9% and LDL cholesterol 1.7% to
13.4% (77-79). Thus, both sterols and stanols either es-
terified or nonesterified lower TC and LDL cholesterol
levels similarly.

Questions have been raised about whether or not phy-
tosterols are effective in persons consuming low-fat, low-
cholesterol diets. Evidence from RCTs show that con-
sumption of sterols/stanols for 3 to 8 weeks lowers TC and
LDL cholesterol levels, 5.2% to 11.2% and 7.6% to 15.6%,
respectively, in subjects with hypercholesterolemia con-
suming a low-fat diet (<30% of energy from fat, 10% of
energy from SFA, and 300 mg/day cholesterol) (80-82).

The effectiveness of plant sterols and stanols among in-
dividuals on diet and drug therapy is of interest. In a study
of 22 women with CAD, 3 g/day sitostanol ester-enriched
margarine for 7 weeks reduced TC 13% (P<0.05) and LDL
cholesterol 20% (P<0.01) (83). Addition of sitostanol to sim-
vastatin therapy reduced TC and LDL cholesterol an addi-
tional 11% and 16%, respectively. The combination of
sitostanol ester margarine and statins may reduce the dose
of the cholesterol-lowering drug needed (83). In a larger
study with 67 women and 100 men receiving statin therapy
with LDL cholesterol levels =130 mg/dL and TG level =350
mg/dL, consuming 3 g/day plant stanols for 8 weeks reduced
TC level 12% (P=0.001) and LDL cholesterol level 17%
(P=0.001) (84). Phytosterols, as part of a fat-modified diet,
may decrease TC and LDL cholesterol levels beyond statin
therapy alone.

Three population studies, two using a nested-case con-
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Table 5. Blood lipid—lipoprotein level responses to sterols/stanol consumption and carotenoid/tocopherol concentrations across recent trials

First author, (y),
(reference)

Population/duration

Intervention (type)

Maijor findings

Miettinen (1995)
(74)

Blair et al (2000)
(84)

Hallikainen
(2000) (78)

Nestle (2001)

(77)

Maki (2001) (80)

Tikkanen (2001)
(76)

Christiansen
(2001) (73)

Volpe (2001) (82)

N=153; participants with mild
hypercholesterolemia;1 y

n=67 women and n=100 men with LDL

cholesterol level =130 mg/dL®, and
TG level =350 mg/dL" using a statin
drug; 8 wk

N=22 men and women with
hypercholesterolemia; 4 wk

n=22 subjects with hypercholesterolemia
in Study 1; n=15 subjects in Study 2.

Study 1: LDL cholesterol 184 mg/dL®;
Study 2: 178 mg/dL®; 4 wk

N=219 participants with mild to
moderate primary
hypercholesterolemia; 5 wk

N=71 participants with primary
hypercholesterolemia; 15 wk

N=134 patients with
hypercholesterolemia; 6 mo

N=30 participants with moderate
hypercholesterolemia treated 4 wk. 11
of these went on to drink 2 g/d plant
sterols; 8 wk.

Margarine with sitostanol ester, 1.8 or 2.6 g/d. Subjects
followed an average Finnish diet (randomized double-
blind design)

5.1 g/d plant stanol ester provided in 3 servings/d
(each serving provided 8 g spread that contained
1.7 g stanol sterol of which 1 g was the plant
stanol). 3 g plant stanol/d was consumed. Subjects
followed usual diet (randomized, double-blind,
placebo controlled design)

0, 0.8, 1.6, 2.3, and 3.0 g/d stanol ester in 25 g
margarine in 2-3 portions with meals. Subjects
followed a standardized background diet (34% of
energy from fat and <12% of energy from saturated
fat) (randomized, single-blind design)

In Study 1, 2.4 g plant sterol esters or 2.4 g plant
stanols per day. In Study 2, 2.4 g sterols esters were
consumed. In Study 1, the sterol ester/sterol was
incorporated in breakfast cereal, wholemeal bread,
and soft margarine. In Study 2, sterol esters were
incorporated in a dairy spread. All subjects followed
low-saturated fat, low-cholesterol diet (randomized,
single-blind, crossover design)

1.1 or 2.2 g/d sterol esters. Subjects followed a Step |
diet (randomized double-blind, parallel arm design)

Bread, meat products, and jam-flavored yogurt enriched
with 1.25 (for first 5 wk), 2.5 (for second 5 wk), and
5.0 g/d plant sterols (for third 5 wk). Subjects
followed a diet that provided 31% of energy from fat
(randomized, double-blind, placebo-controlled
design).

Spreads with plant sterols, 1.5 or 3.0 g/d (randomized
double-blind, placebo-controlled design)

A yogurt-based drink enriched with 1 g/d plant sterols
for 4 wk; a yogurt-based drink enriched with 2 g/d
plant sterols for 8 wk. Subjects followed Step | diet
(randomized, crossover design for 4-wk study;
randomized, parallel arm design for 8-wk study)

TC? and LDL® cholesterol decreased 24 mg/dL® and
14%, respectively (P<<0.001). HDL® cholesterol and
TG® levels did not change

TC decreased 7% compared to control (P<<0.0001)
LDL cholesterol level decreased 10% (P<<0.0001).
HDL cholesterol and TG levels did not change

LDL cholesterol level decreased 1.7% (P=0.89), 5.6%
(P< 0.05), 9.7% (P<<0.001), and 10.4% (P<<0.001),
respectively. The LDL cholesterol-lowering effect of
the 1.6 g/d dose did not differ from larger doses.
HDL cholesterol and TG levels did not change.

In Study 1, LDL cholesterol level was reduced by sterol
esters by 14% (P<<0.001). LDL cholesterol level was
decreased by 8% by stanols (P=0.003). In Study 2,
LDL cholesterol level decreased 12% with a
sitosterol ester spread (P=0.03). HDL cholesterol
and TG levels did not change in either study.
Plasma carotenoid and tocopherol levels were not
decreased

In subjects who consumed =80% of dose, TC was
5.2% and LDL cholesterol level was 7.6% lower on
the 1.1. g/d dose and 6.6% and 8.1% lower,
respectively, on the higher dose (P<<0.001). HDL
cholesterol and TG levels did not change.

LDL cholesterol level decreased 10%, 10%, and 13%
at Week 5, 10, and 15, respectively. Across 15 wk,
TC decreased 8% (P=0,007), and LDL cholesterol
decreased 13% (P=0.007).

TC and LDL cholesterol levels decreased 7.5% and
11.6%, respectively (P<<0.002) with no differences
between sterol doses. HDL cholesterol and TG levels
did not change.

On the 1 g/d dose for 4 wks, TC and LDL cholesterol
levels decreased 6.7% and 11.1%, respectively
(P=0.0005 and P=0.0009). On the 2 g/d dose for 8
wk, TC and LDL cholesterol levels decreased 11.2%
and 15.6% (P<<0.001). HDL cholesterol and TG
levels did not change.

(continued)
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Table 5. Blood lipid—lipoprotein level responses to sterols/stanol consumption and carotenoid/tocopherol concentrations across recent trials (continued)

First author, (y),

(reference) Population/duration

Intervention (type)

Major findings

Davidson et al
(2001) (67)

N=84 men and women with mildly
elevated LDL cholesterol level (130
mg/dL®); 8 wk

Ntanios et al
(2002) (66)

N=53 subjects (TC=213 mg/dL®);
subjects stratified into cohorts on the
basis of TC (<198 mg/dL® or >198
mg/dL®); 3 wk

Noakes (2002) n=20 men, n=26 women with
(81) hypercholesterolemia; 3 wk

Vanstone 2002 N=15 participants with primary familial
(79) hyperlipidemia; 3 wk

Quilez (2003) N=57 patients with
(63) normocholesterolemia; 8 wk

0, 3.0, 6.0, and 9.0 g/d plant sterol esters were
provided in 14 g reduced-fat spread and 46 g
reduced-fat salad dressing per day. Subjects followed
usual diet (randomized, double-blind, controlled
design)

7.5 g spread at breakfast and 7.5 g at lunch or dinner
were consumed. All subjects followed habitual
Japanese diet (double-blind, controlled design)

25 g spreads per day, 3-way comparison study with
2.3 g sterol esters or 2.5 g stanol esters vs control.
In addition, participants were advised to eat =5
servings of vegetables and fruit per day, of which
=1 serving was from a high-carotenoid source.
Subjects followed diets low in total and saturated fat
(randomized double-blind, crossover design).

Four treatments: plant sterols (1.8 g/d); plant stanols
(1.8 g/d); 50:50 mix of sterols and stanols (1.8 g/d);
corn starch control. Subjects followed an average
Canadian diet (randomized, crossover design)

3.2 g/d sterol esters in croissants and magdalenas; also
enriched in «-tocopherol and beta carotene. Subjects
followed an average Western diet (randomized
double-blind, placebo-controlled design)

LDL cholesterol level decreased by 5%, 2.6% and 9%
in the 3, 6, and 9 g/d groups, respectively, vs 1.3%
in the 0 g/d group. The changes were not
statistically significant. TC and HDL cholesterol
levels did change. TG level increased in the control
group, which was significantly different from the 3.0
g/d arm (P<<0.05). Serum «- and trans-beta
carotene levels were reduced in the 9.0 g/d group
vs controls (P<<0.05), but all carotenoid values were
within normal ranges

TC and LDL cholesterol levels were 6% and 9% lower
for all subjects, respectively, after consumption of
free sterols (P<<0.001). For the TC <198 mg/dL®
group, TC and LDL cholesterol levels decreased 5%
and 8%, respectively (P<<0.001) and for the TC
>198 mg/dL® group, they were 7% and 11% lower,
respectively (P<<0.001). The decreases were similar
between the two cohorts. HDL cholesterol and TG
levels did not change in any group. Plasma 3-
carotene was lower (21%) in subjects consuming
plant sterols (P<<0.001). Plasma vitamin A and E
levels did not differ

TC decreased 6.1% and 7.3% on sterol ester and
stanol ester treatments, respectively (P<<0.001), and
LDL cholesterol level decreased 7.7% and 9.5%,
respectively (P<<0.001). The decreases on sterol vs
stanol ester treatments were similar. HDL
cholesterol and TG levels did not change.
Consumption of 1 serving per day of high-carotenoid
fruit or vegetable resulted in plasma carotenoid
levels in the treatment groups that were similar to
the control group.

TC level decreased 7.8%, 11.9%, 13.1% vs control,
respectively (P<<0.01). LDL cholesterol level
decreased 11.3%, 13.4%, 16.0% vs control
(P<<0.03). HDL cholesterol and TG levels did not
change.

TC and LDL cholesterol levels decreased by 8.9% and
14.7%, respectively (P<<0.001). HDL cholesterol and
TG levels did not change nor did plasma tocopherol
or carotenoid levels.

(continued)
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Table 5. Blood lipid—lipoprotein level responses to sterols/stanol consumption and carotenoid/tocopherol concentrations across recent trials (continued)

First author, (y),
(reference)

Population/duration

Intervention (type)

Maijor findings

Hendriks (2003)
(64)

Devaraj (2004)
(79)

Jauhiainen
(2006) (68)

Gylling (2006)
(71)

Goldberg (2006)
(69)

Castro Cabezas
(2006) (70)

N=185 participants with normo- or mild
hypercholesterolemia participants; 39
wk

N=72 free-living adults with mild
hypercholesterolemia; 8 wk

N=67 men and women with mild
hypercholesterolemia; 5 wk

N=38 women with mild
hypercholesterolemia without heart
disease; 12 mo

N=26 patients with hypercholesterolemia
on statin therapy; 6 wk

N=20 patients on lipid-lowering
medications (11 treatment subjects); 6
wk

20 g spread with 1.6 g sterol esters per day. Subjects
followed an average Dutch diet (randomized double-
blind, placebo-controlled parallel arm design)

Orange juice fortified with plant sterols (2 g/d). Subjects
followed an average American diet (randomized,
placebo-controlled design)

2 g plant stanols/d provided in 50 g low-fat cheese.
Subject were instructed to follow their usual diet.
(randomized, double-blind parallel arm design)

3 g stanol ester/d provided in 24 g margarine for up to
6 mo. For remaining 6 mo, subjects were
randomized to 2 g or 3 g stanol ester/d (double-
blind, randomized parallel arm design)

Stanol tablets (1.8 g/d) were given to subjects following
an American Heart Association heart-healthy diet and
on long- term statin therapy (double-blind, placebo-
controlled parallel arm design)

Stanol margarine (30-35 g/d); 3 g plant stanols given.
Subjects followed a habitual diet (single-blind,
randomized design).

TC and LDL cholesterol levels decreased by 4% and
6%, respectively (0.01<P<0.05). B-Carotene
concentrations decreased 15%-25% but carotenoid
concentrations were not lower when expressed
relative to LDL cholesterol.

TC and LDL cholesterol levels decreased 7.2% and
12.4%, respectively (P<<0.01). HDL cholesterol and
TG levels did not change.

TC decreased 6% (P<<0.001), LDL cholesterol level
decreased 10% (P<<0.001). HDL cholesterol and TG
levels did not change.

LDL cholesterol level decreased 10% (P<<0.05) with 2
g/d and 17% with 3 g/d (P<0.01)

LDL cholesterol level decreased 9.1% (P=0.007), TC
decreased 12.9 mg/dL® (P=0.03). HDL cholesterol
and TG levels did not change.

LDL cholesterol level decreased 15.6% in the
treatment group and 7.7% in the control group (no
significant difference between groups). HDL
cholesterol and TG levels did not change.

#TC=total cholesterol.

bLDL=low-density lipoprotein.
“To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.
9HDL=high-density lipoprotein.

eTG=triglycerides.

To convert mg/dL triglycerides to mmol/L, multiply mg/dL by 0.0113. To convert mmol/L triglycerides to mg/dL, multiply mmol/L by 88.6. Triglycerides of 159 mg/dL=1.80 mmol/L.




Table 6. Sterol/stanol content of selected food products

Amount of sterols or stanols Kilocalories
Product Serving size per serving per serving
Benecol Spread® 1T 0.85 g plant stanol esters 70
Benecol Light Spread® 1T 0.85 g plant stanol esters 50
Benecol Smart Chews? 1 chew 0.85 g plant stanol esters 20
Take Control Spread® 1T 1.7 g plant sterol esters 80
Take Control Spread Light” 1T 1.7 g plant sterol esters 45
Smart Balance OmegaPLUS Butter Spread® 17T 0.45 g plant sterols 80
Minute Maid Heart Wise Orange Juice® 8 0z 1 g plant sterols 110
Nature Valley Heart Healthy Granola Bar® 1 bar 0.4 g plant sterols 160

aMcNeil Nutritionals, Fort Washington PA.

°Smart Balance, Inc, Paramus, NJ.
9The Coca-Cola Company, Atlanta, GA.
General Mills, Inc, Minneapolis, MN.

“UnileverUSA, Inc, Englewood Cliffs, NJ. Take Control Spread is now known as Promise Active Buttery spread. Take Control Spread Light is now known as Promise Active Light Spread.

trol design, reported plasma sitosterol levels in subjects
who suffered a coronary event vs controls in the Prospec-
tive Cardiovascular Munster study (85) and the Euro-
pean Prospective Investigation into Cancer-Norfolk Pop-
ulation study (86). Another study (87) evaluated the
association between plant sterols and CHD in a cohort of
subjects participating in the Longitudinal Aging Study
Amsterdam. In the Prospective Cardiovascular Munster
study, plasma sitosterol concentrations were elevated in
cases compared with controls. The upper quartile of sitos-
terol (>2.18 mg/Li) was associated with a 1.8-fold in-
crease in risk (P<0.05) compared with the lower three
quartiles. In contrast, the European Prospective Investi-
gation into Cancer-Norfolk study reported that among
individuals in the highest tertile of sitosterol concentra-
tion, the unadjusted OR for future CAD was 0.75 (95% CI
0.56 to 1.01) and 0.79 (95% CI 0.56 to 1.13) after adjust-
ment for traditional risk factors. In Longitudinal Aging
Study Amsterdam, high plasma concentrations of plasma
sitosterol were associated with reduced CHD risk (OR
0.78, 95% CI 0.62-0.98; P<<0.05). Whereas one population
study reported an adverse association between plasma
sitosterol levels and coronary disease risk, two population
studies reported no adverse association, of which one
reported a beneficial association.

General Safety of Sterols and Stanols

Phytosterol esters are well tolerated. No adverse effects
have been noted with up to 9 g/day for 8 weeks (67), or
with lower doses given for a longer time period (64,73).
Because plant sterols and stanols interfere with the
absorption of fat-soluble vitamins and carotenoids, in
some studies (73,77,82), blood levels of a-tocopherol,
a-carotene, and B-carotene were reduced following plant
sterol consumption (65,88). When adjustments were
made for reductions in total and individual lipoprotein
cholesterol levels, vitamin concentrations were unaf-

$To convert mg/L sitosterol to umol/L, multiply mg/L
by 2.41. Sitosterol of 2.18 mg/L=5.25 umol/L.
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fected. Other studies showed lower levels of trans—g-
carotene after correction for TC concentrations (80), lower
levels of a-carotene after adjusting for LDL cholesterol
levels (64), and lower plasma B-carotene after adjusting
for plasma lipids (66). Another study reported that «a-car-
otene and t¢rans—@B-carotene levels were reduced in a
group receiving 9 g phytosterol esters per day; however,
carotenoid values remained within normal ranges.

The possible decrease in carotenoid and fat soluble
vitamin levels by sterols/stanols can be prevented with a
diet rich in these nutrients. Daily consumption of one
extra serving of a high-carotenoid fruit or vegetable in-
creased plasma concentrations of carotenoids in subjects
consuming 2.3 g/day sterol-enriched or 2.5g/day stanol-
enriched spreads (81). Consumption of bakery products
enriched with 3.2 g/day sterol esters and a-tocopherol and
B-carotene prevented the decrease in plasma tocopherol
and carotenoid concentrations (63). A diet rich in carote-
niods and fat-soluble vitamins is recommended when con-
suming sterols/stanols.

Summary of Research-Based Dietary Recommendations for
Consumption of Phytosterols

Plant sterols and stanols (2 to 3 g/day) decrease TC and
LDL cholesterol levels by as much as 15% (36). Individ-
uals with hypercholesterolemia can consume 2 to 3 g
plant sterols or stanols as an adjunctive therapy to a diet
low in SFA, TFA, and dietary cholesterol to further lower
TC and LDL cholesterol levels. A variety of products
contain plant sterols, including margarines, yogurt, or-
ange juice, some cereals/cereal bars, and soft-gel capsules
so personal preference can enhance adherence. These
foods should be isocalorically substituted for other foods
of equal or lower nutritional value to prevent excessive
energy intake and weight gain. Table 6 summarizes the
sterol/stanol content of various products available in the
marketplace. Potential for reduced use of hypocholester-
olemic agents should be considered if adherence is good
and extra servings of foods rich in carotenes and beta
carotenes are recommended.



Additional Research Needed

Research is needed to establish long-term safety of rec-
ommended doses of stanols and sterols and to evaluate
their potential bioavailability of nutrients in foods, bev-
erages, and supplements. Effect on the need for choles-
terol-lowering medications also needs further research.

TOTAL AND SOLUBLE FIBER: EFFECT ON LDL CHOLESTEROL
LEVEL LOWERING AND CVD PREVENTION

General Relationship

In population-based studies, diets high in total dietary
fiber (>25 g/day) are associated with a decreased risk for
CHD and CVD (89-95). Soluble fiber appears to have
greater LDL cholesterol-level lowering potential than in-
soluble fiber but high total fiber remains inversely related
to CHD (96).

Potential Mechanisms

B-Glucan (soluble fiber) increases bile acid production
and decreases LDL cholesterol levels (95,97) and/or fa-
vorably affects LDL receptor status. High-fiber diets are
associated with a lower body mass index (BMI), lower
blood pressure, and lower TG levels (97).

Status of Current Research

Observational data and meta-analyses conclude that
there are important benefits from high fiber intake on
reduced all cause and CVD mortality. RCTs have docu-
mented benefits of dietary fiber on TC, LDL cholesterol,
and TG levels (Table 7).

Observational Studies with Fiber. Two meta-analyses, five co-
hort studies, and other smaller RCTs have addressed the
question of dietary fiber and CHD and CVD risk. Obser-
vational data (eg, Nurses’ Health Study, Women’s Health
Study, Coronary Artery Risk Development in Young
Adults Study study, Health Professional Follow-up
Study, and the National Health and Nutrition Examina-
tion Survey I Epidemiologic Follow-up Study) (38,98,99)
found that the highest intakes of total or soluble fiber
were associated with reduced risk of CHD and CVD
(38,98,99). The Nurses’ Health Study cohort showed an
inverse relationship between dietary fiber, especially whole-
grain foods and fatal and nonfatal CHD (P<0.001) (89,100).
One study of 49,032 men showed an inverse relationship
between total fiber, cereal fiber, fruit fiber, and vegetable
fiber and peripheral artery disease, but this was not evident
after a multivariate adjustment (91). An observational
study of 2,909 healthy adults reported a linear association
from lowest to highest quintiles of dietary fiber intake with
body weight, waist-to-hip ratio (WHR), fasting insulin ad-
justed for body mass index (BMI), and 2-hour post-glucose
insulin adjusted for BMI (93).

The inverse relationship between fiber intake and CHD
and CVD was further supported by a recent meta-analy-
sis that pooled data from 10 prospective cohorts (94). For
every 10 g/day increment in fiber there was a 12% reduc-
tion in coronary events and a 19% reduction in coronary
deaths. For every 10 g/day increment in cereal fiber and
fruit fiber intake there were decreases of 10% and 16% in
coronary events and 25% and 30% in coronary deaths,

respectively. An earlier meta-analysis reported 2 to 10
g/day soluble fiber was associated with significant de-
creases in TC (—1.5 mg/dL/g) and LDL cholesterol (—2.2
mg/dL/g) but no significant influence on TG or HDL cho-
lesterol levels (95).

RCTs with Fiber. Four intervention studies reported that a
higher fiber diet (approximately 30 g fiber per day in-
creased in soluble fiber) reduced TC and/or LDL choles-
terol levels (96,101-103). One study of 37 men and 31
postmenopausal women reported reductions in TC/HDL
cholesterol levels (P=0.001) and LDL/HDL cholesterol
ratio (P=0.015) and in apo B concentrations (P<0.001)
with 30 g total and 13 g soluble fiber per day (96). One
study of 20 male and 23 female healthy participants
reported that 16 g total and 7 g soluble fiber, along with
changes in SFA and dietary cholesterol, decreased sys-
tolic blood pressure (SBP) (P=0.026) (oats —6+7 mm Hg,
control —1+10 mm Hg) (101). A different study of 36
overweight men fed 30 g total fiber with two large serv-
ings of high-fiber oat cereal (5.5 g beta-glucan) reported a
17% reduction in small LDL cholesterol (P=0.01); 6.2%
reduction in LDL cholesterol particle number (P=0.02);
and 5% decrease in LDL/HDL cholesterol ratio (P=0.02),
whereas the control wheat group showed elevations in
these lipid indexes (102). Also, a randomized controlled
study of 127 free-living postmenopausal hypercholester-
olemic women assessed whether or not there was a favor-
able synergistic lipid lowering benefit of adding soy to an
oat fiber-rich National Cholesterol Education Program-
type diet. Results showed that two servings of oats with
added soy did not yield greater reduction in TC or LDL
cholesterol level compared to an oats only group (103).

Published Research on Fiber and CVD Since Completion of the
ADA Evidence Analysis Library

Controlled clinical studies on dietary fiber conducted
since completion of the ADA Evidence Analysis Library
on hyperlipidemia have evaluated water soluble fiber
from oat bran (104), B-glucan (105), and psyllium (106).
Results consistently demonstrate a TC and LDL choles-
terol level lowering effect of water soluble fiber from oat
bran incorporated into muffins and an oatmeal cereal
product (8 g/day for 3 months) (104), B-glucan (5 g B-glu-
can from oats) (105), psyllium fiber as Metamucil (Procter
& Gamble, Cincinnati, OH) (15 g psyllium for 12 weeks)
(106) incorporated in a fruit drink for 5 weeks. The stud-
ies reported a 2.4 mg/dL and 1.96 mg/dL decrease in TC
and LDL cholesterol levels with water soluble fiber from
oats, respectively (104), and a 4.8% and 7.7% decrease in
TC and LDL cholesterol levels, respectively, with B-glu-
can (105). Moreyra and colleagues (106) reported LDL
cholesterol level decreased 63 mg/dL (1.63 mmol/L) in
subjects taking 15 g psyllium plus 10 mg simvastatin per
day, a cholesterol lowering response similar to that of 20
mg simvastatin plus placebo. Naumann and colleagues
(105) reported decreased serum concentrations of lathos-
terol (—13%) and sitosterol (—11%), both markers of cho-
lesterol absorption, illustrating that B-glucan lowers LDL
cholesterol levels through reduced cholesterol absorption.

A prospective cohort study with 229 women reported
that higher intakes of cereal fiber (>3 g/1,000 kcal) or >6
servings of whole grains per week were associated with a
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Table 7. Blood lipid-lipoprotein level responses to dietary fiber across recent trials

First author, (y),
(reference)

Population/duration

Intervention (type)

Maijor findings

Jenkins (2002)
(96)

Saltzman (2001)
(101)

Davy (2002)
(102)

Van Horn (2001)
(103)

Erkkila (2005)
(107)

Lairon (2005)
(108)

Naumann (2006)
(105)

Chen (2006)
(104)

Moreyra (2005)
(106)

n=37 men, n=31
postmenopausal women; 1 mo
each

n=20 male, n=23 female healthy
participants; 8 wk

N=36 overweight men; 12 wk

n=127; free-living
postmenopausal women with
hypercholesterolemia; 9 wk

N=229 postmenopausal women
with established coronary h
heart disease in a hypertension
trial; cohort study

n=2,532 men, n=3,429 women,
cross-sectional study, French

N=47 healthy participants; 3-wk
run in; 5-wk intervention,
double blind

N=110 participants from the
community with baseline TC
<240 mg/dL’; 12 wk

N=68 adults with hyperlipidemia
eligible for statin prescription,
ATP lII-TLC! criteria; 12-wk
randomized, blinded

30 g total and 13 g soluble fiber
diet (RCT?, crossover design,
high-fiber foods provided)

16 g total and 7 g soluble fiber;
changes in SFAY and dietary
cholesterol (RCT, partial
feeding study)

30 g total fiber with 2 large
servings of high-fiber oat
cereal (5.5 g beta-glucan)
(RCT, cereal provided)

2 servings of oats with either
milk or soy vs wheat with soy
or milk group (RCT)

Assessed total and soluble fiber
intake, via cereal and complex
carbohydrate

24-hour recalls from 4 weekdays
and 2 weekend days assessed
for total fiber

Beta-glucan enriched fruit juice
vs rice starch-based placebo

High-fiber intervention with 60 g
oat bran concentrate and 84 g
oatmeal squares vs wheat
cereal and corn flakes control

Low-dose simvastatin (10 mg)
plus psyllium (5 g) 3 times
daily vs 20 g simvastatin

} 2.1% TC® (P=0.03), | 5.2%
TG® (P=0.037), | 2.4% TC/HDL®
cholesterol (P=0.001), | 2.4%
LDL®/HDL cholesterol (P=0.015),
| 2.9% apo B concentrations
(P<0.001)

| SBP" (oats —6=7 mm Hg,
control =110 mm Hg)
(P<0.05), | TC (oats —0.87+
0.47 mmol/L', control —0.34+0.5
mmol/LY) (P<0.05), | LDL
cholesterol (oats —0.6+0.41,
control —0.2x0.41) (P<<0.05)

17% |, small LDL cholesterol
(P=0.01), 6.2% | LDL
cholesterol particle number
(P=0.02), 5% | LDL/HDL
cholesterol (P=0.02). Control
wheat group 1 in lipid indexes

Addition of oats reduced TC and
LDL cholesterol levels by 3% and
6.5%, respectively, beyond what
was achieved by Step | diet
alone. No additional benefits with
soy in either group.

Higher cereal fiber and whole-grain
intake significantly, directly
associated with reduced
progression of coronary artery
disease

Highest fiber intakes associated with
lower body mass index, TC and
LDL cholesterol levels

Significant reductions in TC and LDL
cholesterol levels by 0.060 mmol/
L' and 0.062 mmol/L,
respectively

No significant differences in
reduction of TC, LDL cholesterol,
or TG levels

Simvastatin plus psyllium yielded
same LDL cholesterol and apo B
cholesterol level lowering results
as higher-dose simvastatin alone

2RCT=randomized controlled trial.

bTC=total cholesterol.

°TG=triglycerides.

9HDL=High-density lipoprotein.
eLDL=low-density lipoprotein.

fapo B=apolipoprotein B.
9SFA=saturated fatty acid.

"SBP=systolic blood pressure.
To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.
JATP IlI-TLC=National Cholesterol Education Program Adult Treatment Panel lll-therapeutic lifestyle changes.
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smaller decline in minimum coronary diameter after
3.2+0.6 years of follow-up (cereal fiber: —0.09+0.02 vs
—0.04+0.02 mm, P=0.03; whole grains: —0.10+0.02 vs
—0.06+0.02 mm, P=0.04) (107).

A cross-sectional study of 2,532 men and 3,429 women
in France reported the highest total dietary fiber and
insoluble dietary fiber intakes were associated with sig-
nificantly (P<0.05) lower risk of overweight and elevated
WHR, blood pressure, plasma apo B, apo B:apolipopro-
tein Al ratio, TC, TG, and homocysteine (Hcy) levels
(108). A 5-g increase in total dietary fiber resulted in a
10.6% decrease in overweight risk, a 14.7% decrease in
risk of high WHR, an 11.6% decrease in high blood pres-
sure risk, a 9.2% decrease in risk of high apo B, and a
15.4% decrease in risk of high Hcy.

Summary of Research-Based Dietary Recommendations and
Consumption of Fiber

A fat-modified diet that provides 25 to 30 g total dietary
fiber including at least 7 to 13 g soluble fiber is well
tolerated, effective, and recommended for lipid lowering
and CVD risk reduction.

Additional Research Needed

The potential relationships between total fiber and soluble
fiber, sources of fiber and additional CHD risk factors such
as lipoprotein subclasses and particle sizes, particle density,
clotting factors, blood pressure, metabolic syndrome, and
fasting and postprandial insulin warrants further research.

N-3 FATTY ACIDS AND CVD PREVENTION

General Relationship

Evidence from epidemiologic and RCTs report that n-3
fatty acids decrease CVD risk, and notably the risk of
sudden death and other cardiac events. Eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are long-
chain n-3 fatty acids found in cold water fish, such as
mackerel, salmon, herring, trout, sardines, and tuna.
ALA is a shorter chain n-3 fatty acid found in various
plant sources, including flaxseed, walnuts, canola oil, and
soybeans. ALA can be converted to EPA but only in small
(2% to 5%) amounts in humans (109). Even less is con-
verted to DHA (<1% conversion) (110,111) (Table 8).

Potential Mechanisms

The potential mechanisms by which n-3 fatty acids from
fish oil appear to exert a cardioprotective effect include
reducing TG levels, decreasing platelet adhesion, favor-
ably affecting endothelial function, decreasing vasocon-
striction, reducing inflammation, and decreasing ventric-
ular arrhythmias by modulating cardiac ion channels
(112). ALA may protect against CVD by interfering with
the production of proinflammatory eicosanoids produced
via the n-6 PUFA pathway that converts LA to arachi-
donic acid and its eicosanoid derivatives (113).

Status of Current Research

Primary Prevention Data. Cohort and population-based stud-
ies have shown an inverse association between n-3 fatty
acid consumption and risk of CHD death. The Chicago

Western Electric Study (1,822 men; P<0.04), Physicians
Health Study (22,071 men; P<0.04), and the Seven Coun-
tries Study (1,088 Finnish, 1,097 Italian, and 553 Dutch
men; no linear trend) found that fish consumption rang-
ing from 4 oz/week to 1.5 oz/day reduced risk of death
from sudden and nonsudden cardiac events in men by
34% to 52% (114-116). A recent study reported a 40%
reduced risk of CAD (P for trend=0.25) and 53% reduced
risk for MI (P=0.03) in men and women (n= 41,578) with
a median fish intake of 6 oz/day (117).

The relationship between fish consumption and n-3
fatty acid intake on the reduced risk of CHD mortality
was reinforced in two meta-analyses that included 27
cohort and five case-controlled studies (118,119). A third
meta-analysis (120) found no evidence of reduced mortal-
ity or combined CVD events in participants taking addi-
tional n-3 fatty acids. The latter study has been criticized
for many methodologic problems (121).

More recently, prospective data from Finland on fish in-
take of n-3 fatty acids calculated from diet history intake
data and risk of coronary heart mortality reported no sig-
nificant relationships (122). Likewise, there was no consis-
tent relationship between fish intake and stroke among a
British population in the European Prospective Investiga-
tion into Cancer Norfolk prospective population study (123).

Plant Consumption and CHD Risk Reduction. Three large obser-
vational studies examined ALA intake in both men and
women (38,109,124,125). ALA intakes between 1.36 g and
1.5 g/day reportedly reduced risk of IHD or acute MI by 45%
to 59% (Nurses’ Health Study, n=76,283; P for trend=0.01,
Health Professionals Study, n=43,757; P for trend=0.01)
(124,125). In the National Heart, Lung, and Blood Institute
Family Heart Study (N=4,584), ALA intake was inversely
associated with CAD. In the highest three quintiles of ALA
intake, the prevalence OR of CAD was reduced by approx-
imately 50% to 70% for women (P for trend=0.014) and
about 40% for men (P for trend=0.012). The mean ALA
intake was 0.81 g/day for men and 0.68 g/day for women
(125). Table 8 describes recent n-3 fatty acid cohort and RCT
studies in primary prevention.

Plasma and Adipose Tissue Levels of n-3 Fatty Acids and GHD Risk
Reduction. Four case-controlled studies evaluated blood or
adipose tissue levels of EPA, DHA, and ALA as biomarkers
of cardiac events and disease progression (30,126-128). Two
studies (126,127) reported lower baseline plasma phospho-
lipid concentrations of DHA and EPA in subjects who expe-
rienced sudden death from cardiac causes or fatal IHD vs
controls (P=0.007 and P=0.02). For every one standard
deviation increase in plasma phospholipid ALA, and com-
bined DHA and EPA, there was a 50% and 70% lower risk
of fatal THD (P=0.04, P=0.01), respectively (127). In an-
other study investigating adipose tissue levels of ALA, sub-
jects in the top quintiles (0.72% of fatty acids) had a reduced
risk of nonfatal MI (P<0.0001) (30). Higher plasma DHA
levels were associated with a reduced progression of coro-
nary atherosclerosis (128). Postmenopausal women with
plasma phospholipid DHA levels above the median had less
atherosclerosis progression as measured by coronary an-
giography (P=0.007) (128).

Secondary Prevention Data: Fish Consumption and n-3 Supple-
mentation. In patients with CHD, a meta-analysis and two
RCTs found that marine-derived n-3 fatty acids obtained
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Table 8. Blood lipid—lipoprotein level responses to n-3 fatty acids: Recent studies in healthy patients or those with mild hyperlipidemia

First author, (y),
(reference)

Population/duration

Intervention (type)

Major findings

Geppert (2006)
(135)

Sanders (2006)
(136)

Goyens (2006)
(137)

Harper (2006)
(138)

Iso (2006) (117)

Jarvinen (2006)
(122)

Myint (2006)
(123)

N=106 healthy vegetarians with

normal lipid levels; 8 wk

n=40 women, n=39 men healthy

participants; 4 wk

n=23 women, n=14 men aged 68-

78 y with mild
hypercholesterolemia; 9 wk

n=49 women, n=7 men without

coronary heart disease; 26 wk

n=27,435 women, n=27,063 men

without cardiovascular disease;
11-y follow-up

n=2,445 women, n=2,775 men

aged 30-79 y without coronary
heart disease/mean follow-up
215y

N=24,312 women and men with no

previous stroke history; mean
follow-up 8.5y

Microalgae oil (0.94 g DHA?/d) or
olive oil (placebo) (RCT)

4 g oil/d (1.5 g DHA, 0.6 g EPA9)
or olive oil (placebo) (RCT)

1 oleic acid control diet, ALA"-
rich diet (6.8 g/d), and EPA/
DHA-rich diet (1.05 g/d) (RCT)

Flaxseed oil (3 g ALA/d) or olive
oil (placebo) (RCT)

Highest quintile of fish intake
(median 180 g/d); lowest
(median 23 g/d) (population-
based cohort)

Health examination survey data
included dietary interview
(population-based cohort)

Fish consumption assessed using
food frequency questionnaire
(population-based cohort)

DHA supplementation 1 TC®, LDLY
cholesterol (P<0.001), and HDL®
cholesterol (P=0.002). TG* | by
23% (P<0.001)

DHA supplementation 7 TC, LDL
cholesterol, and HDL cholesterol by
7.7%, 10.4%, and 9.0%, respectively
(P<0.001). TG | not significant

EPA/DHA diet 1 LDL cholesterol 0.39
mmol/L' (P=0.0323), 1
apolipoprotein B concentrations 14
mg/dL' (P=0.0031)

ALA 1 TC 0.45 mmol/L' (P=0.026) and
1 less atherogenic LDL particle size
LDL-1 (P=0.058) and LDL-2
(P=0.083)

Participants in highest quintile of fish
intake had ~40% reduced risk for
coronary heart disease (P=0.25 for
trend)

Among women, higher fish consumption
was associated with a 41% reduced
risk for coronary heart disease
(P=0.02 for trend)

1 Stroke incidence in women who
consumed less oily fish (P=0.02). No
significant association between total

fish intake and risk of stroke in men
and women

3DHA=docosahexaenoic acid.
PRCT=randomized controlled trial.
°TC=total cholesterol.
dLDL=Ilow-density lipoprotein.
°HDL=high-density lipoprotein.
TG=triglycerides.
9EPA=eicosapentaenoic acid.
"ALA=a-linolenic acid.

To convert mg/dL cholesterol to mmol/L, multiply mg/dL by 0.0259. To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.7. Cholesterol of 193 mg/dL=5.00 mmol/L.

either through diet or supplements decreased all-cause
and MI mortality and sudden death (109,129-131). See
Table 9 for descriptions and major findings.

One RCT failed to demonstrate a protective effect of
supplemental EPA and DHA in 2,114 free-living men
with angina (132). Subjects who took 3 g/day supplemen-
tal EPA and DHA (n=462) experienced higher cardiac
mortality (P=0.04) and sudden death (P=0.025). How-
ever, subjects who consumed at least two portions of oily
fish per week (n=1,109) experienced neither a significant
increase nor decrease in risk of cardiac mortality (132).

One proposed mechanism by which n-3 fatty acids is
thought to be protective is by reducing cardiac arrhyth-
mias leading to sudden death. In patients with implant-
able cardioverter defibrillators (ICDs); however, one RCT
(n=200) reported that fish oil supplementation (1.8 g/day
EPA plus DHA) did not significantly reduce episodes of
cardiac arrhythmias. An increase in both the incidence
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and rate of repeated ventricular tachycardia and ventric-
ular fibrillation episodes were observed in the treatment
group, suggesting that fish oil supplementation may be
proarrhythmic in this population (133). In contrast, an-
other RCT (n=402) reported that fish oil supplementa-
tion (2.6 g/d of EPA, plus DHA) resulted in a trend toward
a prolonged time to the first ICD event (ventricular fibril-
lation or ventricular tachycardia) and a 28% reduction in
all-cause mortality (P=0.057) in patients with ICDs.
Moreover, additional antiarrhythmic benefit of fish oil
supplementation continued for those on the protocol for
at least 11 months (38% risk reduction; P=0.034) (134).

n-3 Supplementation and Effects on Serum Lipid Concentrations.
It is well established that marine-derived n-3 fatty acids
lower TG concentrations in a dose-dependent manner
(124). Two studies reported a 20% to 23% reduction in TG
levels with EPA and DHA combined or DHA alone in



Table 9. Blood lipid—lipoprotein level responses to n-3 fatty acids: Secondary prevention studies

First author, (y),

(reference) Population/duration

Intervention (type)

Major findings

Bucher (2002) Meta-analysis; n=7,951 patients in
(129) the intervention n=7,855 control
group with previous MI®/mean
follow-up; 20 mo

Burr (1989) (130) N=2,033 male post-MI patients;

GISSI-Prevenzione
Investigators
(1999) (131)

N=11,324 post-MI patients; follow-
up 35y

Erikkila (2006) N=228 postmenopausal women with
(128) coronary artery disease
participating in the Estrogen
Replacement and Atherosclerosis
Trial; follow-up 3.2 y

2 dietary and 9 supplementation
trials; EPA range 0.3-6.0 g/d,
DHA® range 0.6-3.7 g/d (RCTY)

Fatty fish twice/wk or 1.5 g fish

follow-up 2 y oil capsule providing additional (P<0.05)
500-800 mg/d n-3 fatty acids
(RCT)
Burr (2003) (132) N=3,114 men <70 y with angina; Fatty fish twice/wk or 3 g fish 1 Risk of cardiac mortality
follow-up 3-9 y oil/d (RCT) (P=0.047) and sudden death

850 mg EPA and DHA/d (RCT)

Measurement of plasma n-3 fatty
acid levels in women with
self-reported habitual fish
intake and no supplements
(prospective cohort)

30% | in fatal Ml (P<0.001), 20%
| in overall mortality (P<<0.001),
20% | in TG® levels in active
treatment group with little effect on
LDL" and HDLY cholesterol level

29% | in all-cause mortality

(P=0.025) among subjects advised
to consume fish. Subgroup analysis
showed 1 cardiac mortality in
subjects taking fish-oil capsules
(P=0.024).

20% | in all-cause mortality
(P<0.05), 45% |, in sudden death
(P=0.01), 15% reduction in
nonfatal Ml and stroke (P=0.02)

Women with plasma DHA levels above
the median had less of a | in
coronary artery diameter
(P=0.007), smaller 1 in %
stenosis (P=0.006), and fewer new
lesions (P=0.009)

aMI=myocardial infarction.
EPA=eicosapentaenoic acid.
°DHA=docosahexaenoic acid.
9RCT=randomized controlled trial.
eTG=triglycerides.
LDL=low-density lipoprotein.
9HDL =high-density lipoprotein.

patients with and without a previous history of CHD
(129,135). Several RCTs reported significant increases in
total, LDL cholesterol, HDL cholesterol, and apo B con-
centrations with DHA alone (0.94 g to 1.5 g/day), ALA
alone (3 g/day), and EPA and DHA combined (1.05 g/day)
(135-138). Table 9 reviews recent trial data regarding n-3
supplementation and effects on serum lipid levels.

Summary of Research-Based Dietary Recommendations and
Consumption of n-3 Fatty Acids

The American Heart Association recommends 1 g EPA
plus DHA per day for patients with CHD under a physi-
cian’s care. Table 10 lists dietary sources. For primary
prevention, the American Heart Association recommends
at least two or more servings (approximately 4 oz per
serving) of oily fish per week and inclusion of foods and
oils rich in ALA, such as walnuts and soy or other vege-
table oils (109). The FDA has allowed a qualified health
claim for up to 3 g per day n-3 fatty acids to reduce the
risk of CHD. This claim states, “Supportive but not con-
clusive research shows that consumption of EPA and
DHA n-3 fatty acids may reduce the risk of CHD” (139).

Until further research is available, fish oil supplementa-
tion should not be recommended in patients with angina
or those with ICDs, even if they have documented CHD.

Additional Research Needed

There are limited intervention studies evaluating the
relationship between ALA and risk of CHD. The litera-
ture is often confounded by numerous other factors, in-
cluding fish vs supplement-based studies. In addition,
information is needed about the efficacy of marine- and
plant-derived n-3 fatty acids in women and in high-risk
populations. The effect of plant-based and marine-based
n-3 fatty acids on primary prevention of CHD in all pop-
ulation groups is needed. Research to determine the op-
timal dietary intake of n-3 fatty acids (ie, EPA, DHA, and
ALA) and the ratio of n-6:n-3 fatty acids is warranted.

Hcy AND B VITAMINS AND CVD PREVENTION
General Relationship

Elevated serum Hcy levels, independent of other cardiac
risk factors, are associated with increased risk for CHD.
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Table 10. Selected food sources of n-3 fatty acids

EPA® + DHA® content (g) Energy per serving
Food per 100 g serving® (kcal)
Herring, Atlantic, cooked 2.01 203
Salmon, Atlantic, farmed, cooked 2.15 206
Salmon, Atlantic, wild, cooked 1.84 182
Salmon, sockeye, cooked 1.23 216
Mackerel, Atlantic, cooked 1.20 262
Sardines, Pacific, cooked in tomato sauce, drained solids with bone 1.35 186
Trout, rainbow, farmed, cooked 1.15 169
Trout, rainbow, wild, cooked 0.98 150
Halibut, Atlantic, cooked 0.47 140
Shrimp, mixed species, cooked 0.32 99
Tuna, white, cooked in water, drained 0.86 128
Tuna, light, cooked in water, drained 0.27 116
Tuna, yellowfin, fresh, cooked 0.28 139
Cod, Atlantic, cooked 0.16 105
2EPA=eicosapentaenoic acid.
DHA=docosahexaenoic acid.
°Sources: http://www.nal.usda.gov/fnic/foodcomp/search and http://www.nutritiondata.com.

Potential Mechanisms

Hyperhomocysteinemia and the associated metabolic de-
fects are due to genetic mutations or vitamin B-6, B-12, or
folate deficiencies (140). The effects of Hcy are indepen-
dent of established risk factors such as hyperlipidemia
and hypertension. Folate may have protective effects in-
dependent of Hcy lowering due to enhanced vascular
nitric oxide activity (141,142) and could prevent endothe-
lial dysfunction associated with a fat load or an oral dose
of methionine.

Status of Current Research

Observational Studies. Several observational studies have
shown that elevated plasma Hcy levels are associated
with increased CVD risk (143-146). In addition, there is
an inverse relationship between folate status (ie, dietary
folate and/or serum folate) and serum total Hcy and CHD
risk (143,145). Many trials have examined the influence
of supplemental B vitamins on CHD outcomes. Data con-
sistently show that supplementing with folic acid with or
without other B vitamins, lowers Hecy levels (147-151);
however, this is not accompanied by lower heart disease
risk.

RCTs. Despite a reduction in plasma Hcy from B-vitamin
supplementation, six RCTs (148-153) and one meta-anal-
ysis (154) failed to find CVD risk reduction (149,152,153),
reduction in recurrence of cardiovascular events (148),
and death from CVD (148,149,151), although one study
reported a reduction in stroke (150) (Table 11). One study
(151) reported an increased risk of CVD with a combined
supplementation of vitamin B-12, folic acid, and vitamin
B-6. In a recent meta-analysis (154), studying the effects
of folic acid supplementation over 6 months to 5 years,
data were pooled from 12 RCTs, including 16,958 men
and women with pre-existing vascular disease. Hcy was
decreased by 13.4% to 51.7%; however, no statistically
significant relationship was noted between net change in
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Hcy and risk reduction for CVD (HR 0.95), CAD (HR
1.04), stroke (HR 0.86), and all cause mortality (HR 0.96),
suggesting folic acid supplementation was ineffective in
secondary prevention of CHD (154). One study (155) re-
ported a 21% decrease in combined risk for ischemic
stroke, CHD, or death with high dose vs low dose supple-
mentation of vitamin B-6, vitamin B-12, and folate
(P<0.040).

Restenosis and Supplementation with Folate, Vitamin B-12, and
Vitamin B-6. One RCT with a combination of 1 mg folic
acid, 400 pg vitamin B-12, and 10 mg vitamin B-6 per day
or placebo administered to 205 patients for 6 months
after successful coronary angioplasty, demonstrated that
B vitamins significantly reduced Hcy levels and de-
creased the rate of restenosis and the need for revascu-
larization of the target region (152). Further analysis
showed that Hcy-lowering therapy with folic acid, vita-
min B-12, and vitamin B-6 was effective for controlling
restenosis 1 year after coronary angioplasty (P<0.001)
(147). One RCT (153) did not find a relationship with
serum Hcy, folate, and vitamin B-12 levels and the rate of
in-stent restenosis after 6 months.

Dietary Patterns, Homocysetine, and Risk Reduction of CHD. One
study (156) used validated self-administered food fre-
quency questionnaires with 357 men and women, and
found that a combined high intake of whole-grain bread,
fresh fruit, olive oil, wine, mushrooms, cruciferous vege-
tables, and nuts as well as a low intake of fried potatoes
affected biomarkers of Hcy metabolism. This was associ-
ated with a decreased CHD risk in two independent Ger-
man study populations.

Summary of Research-Based Dietary Recommendations and
Effect of B Vitamins on Hcy Levels

In 1998, the FDA implemented a Final Rule for fortifying
specified grain products with folic acid (0.43 to 1.4 mg
folic acid/1 1b specified grain) for the prevention of neural


http://www.nal.usda.gov/fnic/foodcomp/search
http://www.nutritiondata.com
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Table 11. B vitamin intake and cardiovascular outcomes: Findings from recent trials

First author,

(y), (reference) Population/duration Intervention (type)

Maijor findings

Schnyder (2002) N=553 postangioplasty patients; 1 mg folic acid, 400 wg B-12, 10 mg

(152) 6 mo B-6 vs placebo (RCT?)

Genser (2002) N=292 postangioplasty and stent Investigated the relation of Hcy, folate,

(153) patients; 6 mo and B-12 to the rate on in-stent
restenosis (prospective cohort
study)

Liem (2003) N=593 participants with coronary 0.5 mg folic acid vs placebo (RCT)

(148) heart disease; 2 y

Toole (2004) N=3,680 poststroke participants;  High-dose: 25 mg B-6, 400 wg B-12,

(149) 2y

acid (RCT)
Lonn (2006) N=5,522 with diabetes and
(150) cardiovascular disease; 5 y

Bonaa (2006) N=3,749 post-MI men and

(151) women folic acid, 0.4 mg B-12

(combination therapy), and 40 mg
B-6 vs folic acid and B-12 (same
doses) vs B-6 (same dose) alone vs

placebo (RCT)
Bazzano (2006) Meta-analysis with N=16,958
(154) men and women with pre-
existing vascular disease from
12 RCTs; 16 moto 5y
Spence (2005)  N=2,155 men and women;
(155) efficacy analysis of 2 sub-
groups of VISP study
wg B-12 (RCT)

Weikert (2005)  n=2357; case group vs n=26,893 Collected dietary intake data by

(156) control group (combined data validated self-administered
from 2 German populations
studies CORA (200 cases of MI;
255 controls) and PIC-C
Potsdam (157 cases of MI

among 26,795 participants)

study group)

2.5 mg folic acid vs low-dose: 2
mg B-6, 6 ug B-12, 0.2 mg folic

2.5 mg folic acid, 50 mg B-6 and 1
mg B-12/d vs placebo (RCT)

Combined daily treatment of 0.8 mg

Dosage of folic acid 0.5 mg/d to 15
mg/d (7 trials had placebo and 5
trials had a usual care group)

High-dose group 2.5 mg folate, 25 mg
B-6, 400 wg B-12 vs low-dose
group 20 ng folate, 200 ng B-6, 6

questionnaires to identify a food
pattern related to high folate and
B-12 and low Hcy concentrations
and to examine its association with
coronary heart disease risk (one
case-controlled and one prospective

J Hey® (1.01 vs 1.36 mg/dLS, P<0.001).

No difference in non-fatal MI%, cardiac deaths and overall deaths 38% | repeat
target lesion revascularization vs placebo P=0.03.

No difference between patients with or without restenosis in regards to Hcy, folate,
and B-12 (P=0.581, 0.166, and 0.163, respectively)

18% | Hey (12 to 9.4 umol/L®, P<<0.001) vs baseline.

No difference in any death or any other vascular events (P=0.85).

17% | Hey (13.4 to 11.1 wmol/L®) vs baseline (no P value).

No difference in stroke, coronary event, or death (P=0.8, 0.57, and 0.25,
respectively).

19% | Hcy vs baseline (no P value), no risk of the primary endpoint of a
composite of death from cardiovascular disease causes, MI, or stroke (P=0.41),
each endpoint analyze separately: | stroke (P=0.03)

27% | Hcy in combination therapy group and folic acid and B-12 group vs
baseline levels, no impact on primary endpoint for folic acid and B-12 group
(P=0.31) or B-6 group (P=0.09); 22% 1 risk of cardiovascular disease in
combination therapy vs placebo (95% CI° 1.00-1.5, P=0.05)

| Hey 13.4% to 51.7%, no statistically significant relationship was noted between
net change in Hey and relative risk for cardiovascular disease (0.95), coronary
heart disease (1.04), stroke (0.86), and all cause mortality (0.96). No significant
harm nor benefit was noted of folic acid supplementation.

High-dose group had 21% |, in combined risk for ischemic stroke, coronary
disease, or death vs low-dose group (P=0.049).

Also noted plasma Hcy 7 significantly as serum B-12 fell in subjects who had
B-12 levels above median suggesting this group was more sensitive.

A dietary pattern with a combined high intake of whole-grain bread, fresh fruit,
olive oil, wine, mushrooms, vegetables, and nuts was most positively associated
and fried potatoes the most negatively to a dietary pattern that was in direct
association with both plasma folate and B-12 levels, but inversely with plasma
Hcy (P for trend=0.05 in the case control study sample and P for trend=0.041
in the prospective study sample) and was also associated with reduced risk of
coronary heart disease

2RCT=randomized controlled trial.

PHey=homocysteine.

To convert mg/dL homocysteine to mmol/L, multiply mg/dL by 7.397.
9MI=myocardial infarction.

€95% Cl=95% confidence interval.




tube birth defects (157). It also has been shown that
current fortification dose raised folate levels in 75 women
and men with CAD (158). Moreover, the benefits of folic
acid fortification were demonstrated in a Framingham
Offspring cohort in which the prevalence of hyperhomo-
cysteinemia was decreased from 18.7% to 9.8% (159). At
this time, research does not warrant B-vitamin supple-
mentation; however, a diet rich in B-vitamin foods and
whole-grain bread, olive oil, mushrooms, cruciferous veg-
etables, and nuts (156) should be encouraged.

Additional Research Needed

Further research is needed to study the effects of dietary
patterns on CHD incidence, recurrence of cardiovascular
events, and revascularization events. No RCTs have been
done to determine effects of folate supplementation on
CHD incidence. There are ongoing secondary prevention
studies in the United States, the United Kingdom, and
Australia in patients with CAD to further evaluate the
role of Hey as a CVD risk factor. In addition, these studies
will provide information about the effect of folate on CVD
events.

ALCOHOL AND CVD PREVENTION
General Relationship

Population and cohort studies suggest an inverse rela-
tionship between daily consumption of 1 to 2 alcoholic
beverages and CVD (160,161). Long-term clinical trials
have not been conducted and results are often con-
founded. Adverse effects of consuming large amounts of
alcohol include alcoholism, liver disease, cancer, and in-
capacitating and fatal accidents, thereby preventing
health care professionals from encouraging alcohol con-
sumption. For those who elect to consume alcohol, mod-
eration is recommended.

Potential Mechanisms

Alcohol beneficially prolongs blood clot formation by low-
ering levels of fibrinogen and protein tissue-type plasmin-
ogen activator (162). In addition, moderate (30 g/day or 2
drinks/day) alcohol consumption increases HDL choles-
terol levels but it also raises TG levels (163).

Status of Current Research

Retrospective and prospective observational studies in
the United States and Europe, including a meta-analysis
of 26 studies (164) indicate lower RR for those who reg-
ularly consume 1 to 2 alcoholic beverages daily compared
with nondrinkers (Table 12). The benefit is reported for
various endpoints, including total mortality, CVD death,
CVD, MI, fatal MI, and CHD (165,166). The studies sum-
marized in Table 12 report reduction of risk by about one
third with consumption of 1 to 2 alcoholic beverages daily.
Two other studies reported increased risk among specific
groups. In a Danish cohort, consumption of 3 to 5 drinks/
day increased CVD mortality by 35% (167); among young
Swedish soldiers, consumption =15 g ethanol per day
increased overall mortality by 37%, including an increase
in strokes (168).

There are no clinical trial data assessing whether or
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not initiation of alcohol consumption in nondrinkers im-
proves cardiovascular health. Data from 18,455 men in
the Physicians Health Study reported that among men
who initially consumed =1 drink per week who later
consumed moderate amounts (>1 to <6 alcoholic drinks
per week) had a 29% decreased CVD risk compared with
men initially classified in the “low alcohol” intake group
who did not increase intake (P=0.05) (169).

Although much of the epidemiologic data indicate a
cardiovascular benefit of 1 to 2 drinks per day, the opti-
mal amount of alcohol for an individual is not clear. The
meta-analysis involving 10 studies and 176,042 persons
assessed the dose response relationship of wine intake.
The resulting J-shaped curve demonstrated a greater
benefit up to a level of 150 mL/day (or one 5-0z glass).
Maximum reduction in risk was predicted at 750 mL/day
but this did not differ statistically from the 150 mL/day
intake (164).

One clinical study assessed the effects of moderate
alcohol consumption on CVD risk factors (170). Using a
controlled feeding study design, postmenopausal women
(n=>51) consumed 0 g, 15g, and 30 g alcohol per day for 8
weeks. Compared to the control diet, LDL cholesterol
decreased from 135.5 to 127.7 mg/dL (P=0.04) and TG
decreased from 124 to 115.2 mg/dL (P=0.05) after 15
g/day of alcohol. There were no further changes at the
higher alcohol dose. HDL cholesterol level increased sig-
nificantly only after 30 g alcohol per day.

The available evidence suggests several caveats re-
garding the use of alcohol for cardiovascular 