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ABSTRACT

Abnormal lipid levels contribute significantly to the risk of coronary heart disease,
a major cardiovascular disease and a serious health problem. Various dietary and
pharmacologic treatments have been devised to reduce elevated blood cholesterol
levels. Soy protein, soluble fiber, and plant sterol/ester—containing margarines are
promising new food-component candidates that may help to realize this goal. Of
particular interest in this context is the LDL:HDL ratio, a strong predictor of cardiac
events. This report is a review of mare than 50 recent trials to determine how such
dietary components and garlic affect the LDL:HDL ratio and other iipid parame-
ters. Consumption of new soy products containing high, fixed levels of isoffavones,
cotyledon soy fiber, and soy phospholipids (Abacor® and Abalon®) significantly
reduced the LDL:HDL ratio by up to 27%. Soluble dietary fibers such as psyllium
and beta glucan from oat bran had a variable effect on LD -cholesterol levels in
the studies analyzed. Plant sterol esters, when consumed in margarines, lowered
the LDL:HDL ratio by up to 22%. On average, Abacor and Abalon reduced the
LDL:HDL ratio by 20%, LDL cholesterol by 15%, total cholesterol by 10%, and
triglycerides by 6%, and increased HDL cholesterol by 5%. The new soy-based
supplements may therefore play a valuable role in reducing cardiovascular risk.
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INTRODUCTION

Abnormal lipid levels contribute significantly to the risk of coronary heart disease
(CHD), and hypercholesterolemia is a recognized major risk factor. Large randomized
trials have strongly suggested that a lowering of low-density lipoprotein (LDL)-
cholesterol levels reduces the risk of CHD and myocardial infarction. Epidemiologic
data have shown that low levels of high-density lipoprotein (HDL) cholesterol and
high levels of triglycerides increase CHD risk. The robust inverse relationship
between HDL cholesterol and CHD risk holds true for both sexes. In the Helsinki
Heart Stucly, a high LDL:HDL cholesterol ratio (>5) was the strongest predictor of car-
diac events.! An analysis of baseline serum lipid levels from three large prospective
studies in young men demonstrated a continuous, graded relationship of serum cho-
lesterol level to long-term risk of CHD, death from cardiovascular disease, and ali-
cause mortality.? :

CHD prevention generally includes lifestyle modification and control of risk fac-
tors such as smoking, hypertension, and diabetes. Because many individuals are
unable to achieve desirable LDL- and HDI -cholesterol levels with diet and lifestyle
changes alone, however, recent decades have seen the introduction of various
dietary supplements to pharmacologic therapies. Supplements with mild choles-
terol-reducing properties can improve the outlook for patients whose LDL-choles-
terol concentrations do not warrant treatment with the usual cholesterol-lowering
drugs. The efficacy and safety of these different supplements have been document-
ed in numerous studies. _

Decreasing blood cholesterol has a powerful effect: a 10% reduction may lower the
incidence of CHD by approximately 30%.3 The US Food and Drug Administration
(FDA) has acknowledged that consumption of soy protein and soluble fibers, eg, beta
glucan from oat products and psyllium as well as plant sterol and stanol esters,
significantly reduces blood cholesterol levels and the concomitant risk of CHID +7

This review of mainly post-1995 literature aims to evaluate how effectively blood
lipids are affected by the use of different natural compounds as food supplements
or food ingredients.

MATERIALS AND METHODS

Studies of the effect of soy products, dietary fibers from oat and psyllium, and phy-
tosterols and phytostanol esters were identified by a computerized literature search in
the medical databases Medline and Health Star. The review included predominantly
studies published from 1995, but recent meta-analyses were also incorporated, as
many investigations of oats and psyllium were carried out before 1995, Studies and
meta-analyses of garlic preparations were also considered to compare the effects of a
herbal product with those of the natural products discussed. The included studies had
the following characteristics: (1) controlled, randomized, parallel, or crossover design;
(2} discussion of lipid changes in the supplement and control groups; (3} adult popu-
lations; and (4) single preparations from a single natural source,

Results are quoted with and without subtraction of control values to capture
potential maximal effects. Net changes in total, LDL, and HDL cholesterol, triglyc-
erides, and the LDL:HDL ratio were calculated by subtraction of lipid changes after
the control diet from lipid changes after use of the corresponding natural product.
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Abacor® is a product based on isolated soy protein (ISP) with a standardized high
level of the isoflavones containing soy fiber and soy lecithin. ISPs are manufactured
from defatted soy flakes by separation of the protein from the carbohydrates of the
soybean. The ISP products discussed in this review contained more than 90% pro-
tein, with small amounts of flavoring and coloring agents.® The soy amino-acid pro-
file is similar to that of milk and eggs and meets human nutritional requirements.’®

RESULTS

Effect of Soy Products on Blood Lipids

Animal, epidemiologic, and human studies have demonstrated that a diet high in
soy protein and low in animal protein reduces levels of serum total and LDL choles-
terol as well as triglycerides. In a meta-analysis of 38 controlled clinical trials,'° daily
intake of 47 g of soy protein decreased serum levels of total cholesterol by 0.6 mM
(9%), LDL by 0.56 mM (13%), and triglycerides by 0.15 mM (11%). Soy consumption
was associated with a nonsignificant 2% increase in HDL cholesterol. In 1999, the FDA
approved labeling claims that dietary intake of 25 g of soy protein per day may reduce
the risk of CHD/

Studies with New Soy Products

Four studies!™* have investigated Abacor and Abalon®’ two new ISP products
with standardized high levels of isoflavones, soy cotyledon fibers, and soy lecithin
(Table 1).

A randomized, placebo-controlled, double-blind, parallel-group trial! tested
31 men and 21 women with moderate hypercholesterolemia (total cholesterol 7.0—
9.9 mM). After randomization, the active group consumed Abacor as a beverage for
6 weeks; the control group consumed a placebo based on casein and cellulose with the
same protein and fiber content. Abacor significantly reduced total cholesterol by 9%,
compared with 5% in the placebo group (P<.001). The total cholesterol-lowering effect
was significantly larger with Abacor than with placebo (P<.05), as was the effect on
LDL reduction (13% vs 8%). HDL cholesterol rose and triglycerides decreased non-
significantly. Of 60 initial participants, 6 from the Abacor group and 2 from the place-
bo group withdrew because of gastrointestinal complaints.™

Abacor was administered in a low-fat yogurt formulation to 69 moderately
hypercholesterolemic patients, and 74 controls consumed unaltered low-fat yogurt
for 8 weeks after an 8-week run-in during which participants ate a cholesterol-low-
ering diet.” Abacor decreased LDL cholestercl by a mean of 8% from baseline; no
significant change occurred with placebo. At § weeks, the respective decreases had
reached 12% and 5%, with simultaneous reductions of 10% and 5% in total choles-
terol, corresponding to a mean 5% net change. LDL cholesterol dropped by 8% (net).
The T.DL:HDL ratio fell 7% with Abacor but rose 3% with placebo. HDL and triglyc-
eride concentrations were not significantly changed. The lipid-lowering effects
began after the first week of treatment.

"Registered trademark of NutriPharma ASA, Oslo, Norway.
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The long-term dose-response effect of daily Abacor was studied in a parallel-group
trial®® of 159 mildly hypercholesterolemic men and postmenopausal women (mean age,
53 years) with LDL~cholesterol concentrations of 4 mM or more who followed a lipid-
lowering diet (National Cholestercl Education Program [NCEP] or American Heart
Association step 1) for 4 to 24 weeks before intervention. Participants were randomly
assigned to two treatment and two control groups for 16 weeks. Treatment groups
received either 31 or 52 g of soy protein with fixed levels of isoflavones and an addi-
tional 10 or 16.6 g of soy cotyledon fiber as ready-to-mix beverages. Control groups
consumed 30 or 50 g of casein and 10 or 16.6 g of cellulose. Decreases of 13% in total
cholesterol and 18% in LDL cholesterol occurred with 31 g of Abacor; corresponding
decreases with placebo were 8% and 11%. In the 52-g Abacor group, total cholesterol
dropped by 14% (placebo, 11%) and LDL cholesterol by 21% (placebo, 16%). The net
changes for the 52-g group receiving ISPs were not significant. HDL cholesterol
increased in all groups by 4% to 9%. Nineteen participants withdrew from the study,
most because of compliance problems or gastrointestinal complaints. There were more
withdrawals in the casein than in the soy groups.

Arandomized, double-blind crossover trial of 20 outpatients investigated the effect
of a productswith soy protein, isoflavones, and cotyledon fiber (Abalon) on serum
lipid levels in patients with type 2 diabetes.”* Participants received supplementation
with 50 g of soy protein daily or placebo for 6 weeks separated by a 3-week washout.
Dietary intake was recorded and validated by a dietitian. Diets were isocaloric and
had the same macronutrient composition for each patient. Maximum changes were
observed, and the LDL:HDL ratio dropped by 22% (placebo, 15%). The net changes
between Abalon and placebo revealed significant decreases of 10% in LDL, 12% in
the LDL:HDL ratio, and 22% in triglycerides; the 8% decrease in total cholesterol did
not reach statistical significance (P<.08).

Other Studies With ISP

The effects of soy preparations on blood lipids were studied in nine trials!®%
(Table 2). The amount of soy protein needed to reduce serum lipids was tested in
81 moderately hypercholesterolemic men randomly assigned to one of five treatment
groups after 3 weeks of the NCEP step 1 diet.’® For 6 weeks each patient received 50 g
of protein per day consisting of ISP with or without casein in the following amounts:
50:0, 40:10, 30:20, 20:30, or 0:50 (control group). Non-HDL-cholesterol percent con-
centrations decreased significantly with 20 (3%}, 30 {3%), and 50 (4%) g of ISP, but not
with 40 g. At 3 weeks, non-HDL cholesterol had fallen by a significant 5% in the 40-g
group and by 6% in the 50-g group. The LDL:HDL ratic was reduced by 6%.

Sixty-six postmenopausal women with mild hypercholesterolemia were randomly
assigned to an NCEP step 1 diet plus one of the following regimens: casein and non-
fat dry milk (control}, soy protein containing 56 mg of isoflavones, or soy protein con-
taining 90 mg of isoflavones per day.'® The daily protein supplement was 40 g, and the
study lasted 24 weeks. All patients ate a standard diet for 2 weeks before treatment.
Non-LDL cholesterol decreased more in the two groups consuming soy (8% with
56 mg, 9% with 90 mg) than in the control group (2%); HDL cholesterol increased in
both soy groups but dropped by 4% in the control group. Total plasma trigiyceride
concentrations did not change significantly. The significantly greater LDL-receptor
mRNA concentration noted at 24 weeks in both soy groups compared with the con-
trol group indicated that soy protein components may regulate lipid profiles through
alterations in LDL receptor quantity or activity.

K. Hermansen et al
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In a randomized trial 7 156 healthy, mildly hypercholesterolemic men and women
consumed an NCEP step 1 diet for 1 month followed by a similar diet supplemented

nounced effect with the 62-mg isoflavone dose than with any of the other doses; their
total cholesterol dropped by 9%, LDL cholesterol by 10%. Ethanol-extracted 50y protein
with 3 mg of isoflavones did not reduce circulating levels of total or LDL cholesterol.

A double-blind, crossover trial randomly assigned 51 perimenopausal women with
mild hypercholesterolemia to three daily isocaloric dietary supplements: 20 g of com-
plex carbohydrates (control diet), 20 g of soy protein with 34 mg of isoflavones in
a single dose, or the same diet supplement divided into two doses.® Each Intervention
period lasted 6 weeks. A significant 6% decrease in total cholesterol was observed in
both soy diets compared with the carbohydrate control; LDL cholesterol also fell by
8%. The triglyceride level decreased, and the HDI -cholesterol level did not change,
whereas the LDL:HDL ratio fell by 3% (20 g of ISP and 34 mg of isoflavones once
daily) or by 5% with the split-dose regimen:. ‘

The ability of soy protein to enhance the hypocholesterolemic effect of the NCEP
step 1 diet was also demonstrated in a randomized, two-part, crossover study? with

the one hand and controls on the other hand. The LDL:HDL ratio was 11% lower with
a soy diet than with a control diet. Total cholesterol did not change significantly.
Isoflavones significantly improved the lipid profile across the menstrual cycle in
a crossover trial® in 13 normocholesterolemic premenopausal women who consumed
their usual diet and each of the three ISPs providing 10 (contro}), 65, and 129 mg of

100 g, depending on body weight. Compared with the control diet, the high-
isoflavone diet (129 mg) lowered LDL cholesterol by 8% in the midfollicular phase and
by 10% in the periovulatory phase. The LDL:HDL. ratio decreased from 2% to 8% in
the early follicular phase and to 14% in the periovulatory phase. Isoflavone consump-
tion did not significantly change total or HDT, cholestero} or triglycerides.

In another randomized crossover trial 21 18 postmenopausal women received 85
of ISP with an average of 7 (control), 65, or 132 mg of isoflavones daily for 93 days.

Advances In Therapy
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Two crossover studies evaluated the efficacy of tofu® and a soybean product®
instead of ISP preparations. Compared with a control diet with cow’s milk, a diet with
31 g of protein from a soybean product produced a significant increase in HDL and
a significant decrease in the LDL:HDL ratio after 4 weeks.?® A 290-g tofu diet signifi-
cantly reduced not only plasma total cholesterol but also the HDL concentration, corn-
pared with a 150-g lean meat diet.? Triglycerides decreased from baseline with both
diets. Results of these two studies were not included in the final calculation.

Effect of Soluble Fibers on Blood Lipids

Diets high in complex carbohydrates including soluble fibers (pectins, gums,
mucilages, and some hemicelluloses) reduce serum lipids in individuals with hyper-
cholesterolemia. The mechanism remains unclear, but soluble fibers may bind bile
acids or cholesterol during the intraluminal formation of micelles.® In patients
undergoing resection for colonic cancer, oral intake of Psyllium ovata seeds stimulat-
ed the colonic flora to increase production of butyrate (and acetate) from this fiber
and raised fecal concentrations of butyrate by 42%.% The major effect of beta glucan
is related to increased bile excretion of cholesterol. A delay in the micellar lipid
solubilization process and a consequent reduction in the secretion of chylomicrons
into the circulation may also be operative.

Psyllium

The term psyllium is used interchangeably to denote the seed husk, the seed, and
the entire plant.? In 1998 the FDA included psyllium in its guidelines on health
claims of foods containing soluble fibers, noting that in conjunction with a diet low
in saturated fat and cholesterol, these foods may reduce the risk of cardiovascular
disease. For these benefits to be achieved, 7 g of soluble psyllium fiber must be con-
sumed daily?® Table 3 shows results of studies with psyllium.

In a meta-analysis® of eight controlled clinical trials involving patients with mild to
moderate hypercholesterolemia, 384 patients received 10.2 g of psyllium per day, and
272 received cellulose as placebo. All studies evaluated the lipid-lowering effect of
psyllium (7 to 10.2 g of soluble fiber) as a supplement to a low-fat diet (AHA step 1)
for 8 or more weeks after a low-fat diet pretest period lasting at least 8 weeks. Psyllium
consumption lowered serum total cholesterol by 4% and LDL cholesterol by 7%.
Analyses by baseline triglyceride levels, sex, age, dose regimen, and formulation
showed no between-subgroup differences when data were pooled across the studies.
Psyllium intake was well tolerated and not associated with serious adverse effects.

The long-term effect of psyllium was studied in a randomized, double-blind,
placebo-controlled trial in 286 patients with mild hypercholesterolemia.®® After
a low-fat NCEP step 1 diet for 8 weeks, patients were assigned to one of four treat-
ment groups, consuming 0 {control), 3.4, 6.8, or 10.2 g of psyllium per day for
24 weeks. Serum LDL cholesterol rose by 3% in the control group and remained
below baseline (5% lower than in conirols) in the group consuming 10.2 g of psylli-
um; this effect, although modest, was significantly different from baseline and led to
the conclusion that psyllium could have long-term value in controlling LDL choles-
terol. No significant influence was seen on HDL-cholesterol and triglyceride levels.
Strangely, a more pronounced reduction in the LDL:HDL ratio occurred in the con-
trol group than in the high-dose psyllium group.

K. Hermansen et al
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In a muiticenter study,® 284 patients with mild hypercholesterolemia were ran-
domly assigned to constme either 10.2 g of psyllium or cellulose daily for 26 weeks

after following the AHA step 1 diet for 8 weeks. Serum total cholesterol decreased’

by 5% and LDL cholesterol by 7% in the psyllium group (P<.0001 vs cellulose).

Psylbium consumption of 7 or 10.5 g per day for 12 weeks in addition to a stan-
dard cholesterol-lowering diet reduced total cholesterol by 6% and LDL cholestero]
by 9% in moderately hypercholesterolemic patients.” Respective decreases in the
group consuming the diet alone with a sucrose placebo were 3% and 4%. This ran-
domized, double-blind, placebo-controlled trial with an 8-week diet-only Fun-in
enrolled 340 patients with mild to moderate hypercholesterolemia. During the sub-
sequent 12-week double-blind period, psyllium and diet reduced LDL-cholesterol
levels by 11% to 13% and total cholesterol levels by 8% to 9% in some patients. In
both psyllium groups, the total cholesterol reduction was significantly different
from that in the placebo group. The HDL:LDL ratio rose significantly from baseline
in all three groups (intention-to-treat population) and in both per-protocol psyllium
groups. Psyllium was well tolerated, although a few patients developed minor gas-
trointestinal side effects. Of 26 patients who withdrew from the three groups
because of adverse effects, 24 reported gastrointestinal complaints.

The effect of psyllium in type 2 diabetes was tested in a double-blind, placebo-
controlled study®? with a 6-week run-in period of dietary counseling followed by
6 weeks of treatment with 15 g of psyllium daily or a placebo containing cellulose.
Addition of psyllium to the diet significantly decreased total cholesterol by 7% from
baseline (vs 4% with placebo) and lowered LDL cholesterol by 16% (vs 9% with
placebo). HDL levels improved by 50% in the psyllium group and remained
unchanged in the placebo group. The observed lipid-lowering effects of psyllium
corroborated findings from most previous studies in type 2 diabetes.

A comparison of psyllium and oat bran with a wheat bran is described below.

Oat Bran Beta Glucan

Oat is the most concentrated source of beta glucan, a high-molecular-weight non-
starch polysaccharide composed of linked glucose units. In 1997 the FDA allowed
oat bran to be registered as a cholesterol-reducing food at dosages of 3 g of beta glu-
can daily* Table 4 summarizes the results of studies with different oat products.

The effect of soluble fibers from oat bran and psyllium was compared with that of
a wheat bran placebo . Thirty-six normocholesterdlemic men from northern Mexico
and 30 hypercholesterolemic men were assigned to three different groups consuming
1.7 g of soluble fiber from psyllium, 2.8 g of soluble fiber from oat bran, or wheat bran
as a placebo for 8 weeks. In normocholesterolemic men, the reduction in serum total
cholesterol from baseline to treatment end was 10% larger with psyllium and 14%
larger with oat bran than with placebo; respective decreases in LDL cholesterol were
17% and 26% (P=NS, between active treatments). The LDL:HDL ratio fell by 29% after
psyllium, 38% after oat bran, and by 20% after the control diet. Hypercholesterolemic
men had greater reductions than normolipidemic men in almost all respects: serum
total cholesterol (psyllium, —18%; oats, —23%), LDL cholesterol (~29%, -34%), and
LDL:HDL ratio (-34%, -30%). Of note, however, the control group had lower total and
LDL-cholesterol levels at baseline than the ofher groups, and all participants initially
received the same low-fat diet with soluble fibers.
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In a 6-week randomized, double-bling, parallelwgroup trial, * 44 adults with hyper-
cholesterolemia were assigned to one of three groups: 84 g of an oat bran product
daily (n=13); a rice bran product (n=14); or rice starch placebo (control) (n=17) in con-
junction with their usual low-fat diet (similar to the AHA step 1 diet). Serum choles-
terol decreased significantly by 13% in the oat bran group but remained unchanged
in the control group. This result was attributable to a reduction of 17% in LDL cho-
lesterol in the oat bran group, which also experienced a significant 17% drop in the
LDL:HDL ratio.

A randomized crossover study of 23 mildly hypercholesterolemic volunteers who
consumed self-selected diets found a significant dose-response effect on total choles-
terol from beta-glucan concentration in oaf extracts.® A maintenance diet was served
for 1 week before the study period. The same 7-day menus—containing an oat fiber

cant effect. Compared with baseline values, total cholesterol decreased by 10% with
21 g and by 15% with 8.7 & respective reductions in LDL. cholesterol were 15% and
21%. The difference between low and high beta-glucan doses was significant for total
cholesterol but not for LDI. cholesterol. The LDL:HDL ratio was reduced by 14% to
18% in the two groups. HDL and triglyceride levels did not change significantly.

A randomized, double-blind crossover trial in 52 mildly hypercholesterolemic
men compared 0.75 L. of oat milk with 3.8 g of beta glucan with a control rice drink
After 5 weeks of one regimen, the groups consumed the other diet for 5 weeks, with
a 5-week washout between. Qat milk consumption significantly reduced total and
LDL cholesterol (both 6%), although the reductions were slightly smaller (total cho-
lesterol- 3%, LDL cholesterol 5%) compared with baseline levels. The LDL:HDL
ratios did not significantly differ after the two drinks, On further analysis, the high-

~er the initial serum LDL level, the more pronounced the lipid-lowering response

after oat milk.

Daily intake of 3 g of beta glucan did not significantly reduce total and LDL-cho-
lesterol concentrations in mildly hypercholesterolemic patients in a double-blind,
placebo-controlled, randomized, parallel-group study.>”

A metabolically controlled, randomized, single-blind crossover study® recruited
14 healthy young men from a university’s staff and students to test the effect of 9 g
of beta glucan daily in instant whip or a placebo instant whip after a 1-week run-in.
No significant decrease in total and LDL cholesterol or triglycerides occurred after
the consumption of oat gum, but HDL cholesterol rose by a significant 6% and the
LDL:HDL ratio by 2%.

The long-term effect of oat bran-concentrated bread was evaluated in a 24-week
crossover study of eight men with type 2 diabetes (mean age, 45 years).”* Four ran-
domly chosen men consumed oat bran products providing 9 g of soluble fiber per day;
the others had white bread first. After 12 weeks, participants switched directly to the
other diet. Consumption of oat bran had a significant effect, producing decreases of
14% in total cholesterol, 23% in LDL cholesterol, and 24% in the LDL:HDL ratio.
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Effect of Plant Sterols and Stanol Esters on Blood Lipids

With the exception of substitutions at the C24 position of the side chain, plant
sterols are structurally similar to cholesterol. In the 1970s, beta sitosterol was
approved as a cholesterol-lowering drug for human use. The cholesterol-reducing
properties of these substances are believed to result from displacement of choles-
terol from micelles. Plant sterols are not synthesized in humans; they are absorbed
poorly or not at all and are then transported to the liver and excreted in the bile.

The most frequently used plant sterols are campesterol, beta sitosterol, and stigma-
sterol. Hydrogenation of the delta-5 double bond of plant sterols forms plant stanols,
such as sitostanol and campestanol. Like plant sterols, plant stanols are not easily incor-
porated into foods, but esterification with food-grade fatty acids increases their solu-
bility in dietary fats.*’ A typical western diet reportedly contains from 160 to 360 mg of
phytosterols per day.#4? In 2000 the FDA accepted the claim that plant stanol and sterol
esters had heart-healthy effects.® Margarines and spreads rich in phytosterol or stanol
esters have been formulated, and their effect on serum cholesterol concentrations has
been widely studied. Table 5 summarizes the results of these studies.

A l-year randomized, double-blind, parallel-group study evaluated sitostanol in
153 patients with mild hypercholesterolemia. The control group of 51 consumed
margarine without sitostanol ester; the treatment group of 102 consumed margarine
containing 1.8 or 2.6 g of sitostanol ester daily. At the beginning of a 6-week run-in
period, patients replaced 24 g per day of their normal dietary fat with a margarine
containing rapeseed oil in an ad libitum diet. The control group continued to use nor-
mal dietary fat. Daily consumption of sitostanol 2.6 g significantly decreased serum
LDL~cholesterol levels at 6 months (12%) and 12 months (16%) compared with the
control group (+1% and -1%). The LDL:HDL ratio fell by a significant 16% after
1 year of treatment. Daily consumption of 1.8 g of sitostanol during the second half
of the test period did not change the LDL-cholesterol concentration. Neither serum
triglycerides nor HDL cholesterol was affected by sitostanol, but the HDL:LDL. ratio
rose by a significant 20%. The authors concluded that, for practical purposes,
the two dosages had similar cholesterol-lowering effects. The sitostanol ester mar-
garine was well tolerated.

A l-week metabolic study® in 11 colectomized patients consuming 25 g of mar-
garine with 2 g of stanols per day showed effective inhibition of cholesterol absorp-
tion and reduction of serum cholesterol concentrations occurring within 1 day of the
start of stanol ester consumption and increasing during the test period. Plant stanols
were secreted by the bile.

The effect of plant stanol ester spread was compared with a placebo spread in
67 women and 100 men who took statins for at least 90 days and still had LDL-
cholesterol levels of 3.36 mM or higher* For 8 weeks, the patients consumed 24 g of
spread containing 3 g of stanols from canola oil or a placebo while maintaining their
usual diet; statin therapy continued. Both spreads were well tolerated. The stanol
spread lowered LDL cholesterol at 8 weeks by 17%, compared with a 7% reduction in
the placebo group. At 2 and 4 weeks, reductions in LDL- and total cholesterol con-
centrations were also greater with stanols than with placebo. The LDL:HDL ratio
decreased by 11% compared with 5% in the placebo group. HDL cholesterol and
serum triglycerides did not change significantly.
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62 Effects of Soy on Lipids

ST
f;:n;si_é«.“s:ﬁ



63

..u.u::.:tOU

2 L7 BO'E FFYE St 91y [R5 o
{53N{eA jONUOD $A R TAINE + AR e -67¢ —S0°L 901 BYP LG s PRVLPRIEW F g a1 o
0ot NN of suljpsee) sadueys oy T S AY 4 0 sz gz - 87 ap¢ oo ot 8- S2FogIg URRGAs Woy Jomsoniyd 9 ¢ -
{RIp woy oauod
‘sanjea 001100 5A OL'g*F G o= FLUOT vL0x 107 FioF ZU0F 91DT 350p AUEs et
T N 9 BURsTY) sBuRL Oy L1~ PF T 08F 48 Lol oy 6= 79E 9ef £ 8L g = B2S a0 YIL-amsa jouesogg
{8ip Atuoy onuon soulediew § g7 w
SANTEA [OUUDD 57 60°0T GO0F ZU0F FLOF FAR G IR BL0* 91pF sioues 8 g Biei
£c. UM 9 aujlaseq) alurys oy (L3 Sl A o P - A T Al WL- BYE ges Fal 1 N Y [l A 1R Hal=iaisa joumsadiue
[San]ea j0uND $4 80T 00T LI0F Ch0F 60F 59 0¥ SL0F 01T Sloums 8 7y
4 R t auljaseq) safueyd opy [N S - A Y 4 el gy T A4 H£I= 9 oFL (24 O P A R i auieBiew 3 ¢z
{SRTHeA 0L SA ' LEOE UEQF S40T SOOF FPOF g9 T £6°0T £O1F sjoukis 3y
o ¥N 13 auljaseyg) mwm:mﬁu ON A= HE97 ey P L B F ] bl see Epy [1 N T AN o | - 909 1549 Y odliediew d g7
tprards ogaserd 4ouion
{SAMEA [UIUOD &a LE'0F pggF LB'0F S6°0F £9'07 §9°0% 8607 {0+ OIS gy
B 44 AN ¥ aurjaseq) safueys oy 1L GRS R o Ier g 9 SlF Iph D= 871 0t S 90y 159 Y sunediew § o
: LEO¥ geow B0 ST SOF 050F BLOF L2OF
O v oLof R I R R ) Bl GEE STy P N T4 Sl- 518 [
21 ‘onuosy :
07 '8l VAT S Y EEF Qoo LLOF TLOF L90F 2°0F QUOF gLoF ouets et 8 gy
uaLiea), 8 g AP Py 0T ALPT uSlE [l A ! £ BFY pop Wl 9T GEy Hl- FEE ggg 03 unefiw § g7
£8 ‘nunn
[EILSTRY .
Pa1eai (e &y ST 89T 18T HN 90T HN S9°0F AN (90T N TSR 35 qLiejd 8 ¢
] RECUT LRI 8 2 prasds ogaav)g [ Sal4 SrA Y d = HEEL wEy FA S S S i L8 fRl [ S T ey s Sulmee aunefiew ¥ i
v e
P37 I5)07) 0T 710F SL0% FI0F LT0% £C0F ours § ¢ %
Ll i L AP pajioauasusN L8 s A WL EFL A1 18T Sl LERE 1EG Buiuieins suirefiew 8 b4 .M
3
67 LLGTE 00E 2
LS lonues pr2uds oeraed 0T SpoY 80'0F Gi°0F WOF LO0F U7 0107 foueIsons § g &
01 wawges | Al A ‘enos up ey Ol 57 zre 0 el sy A PR bl T gTL sz W0l=  §P'S 5079 Suleen suprefing 7 7 =
! AM ‘a3 b L afueyy pug femup  afuey)y pug feuy  aBueyy PUI el aflueyy pug nup afuegy Mot jemiu adueys puy |eniag pasoq m
Lunwixegy ‘“woneing % Yo % % % % - =
0) dury Apmg ogav|y FUBUnRR 0130104} TqH 0I5y 1017 sapLnaAzig 1IaLsa104 ) [P0 -
eney 1aH: a1 W Sapwierey pidiy

o spidi] poojg uo m.awm__ [oUB)S pue s[oid)g Jueld Jo spapg ‘g 9qer £2




13N JONUOD LI0UY SPN|EA [B1HU|,
“J81p uj-uni Jeysiy yeem-y 19T auljaseq,

“BYRp paysignd pRIs wol) paye|najeD,

"UONEZILUOPLUC) J2HE S2NEA U520 LI 500 EA _Hw:_c_.
‘paliodal Jou=yN

: 2 9T'0F 6TOF SP'0F 6F0F aF'0F 9F' 0T aupediew d op
OF s BN P U— (I WBET JLo A AT A4 W S 9 - T5T 8IE UN dN dN = L0 B8RP CH _D;Ema_.fm_ 39'g
{$31EA DIUDD 5A LOF 0F0% Y 0% SE0F IO Z90TF I6°0F ¥6'0F wsauneiiew § g
a0l MR seq) sadieyd opy LI (T B b= L YL h—  LLT S0E FPAn Y 5 A 5 A 9= FRF  9LS up (s wepd § 19|
(P L 915 VHY ‘o )

SanjeA |DJU0D SA 160F 08°QF 2907 FEOF C9°0F og'QF G0F pesapnseled uped
£ N ow g 3580)) $3RURYD ON 9 46LF JGFF WS Gy Nl s AR S et 9L 590 a  s1'9 219 u pasoed joueans B ¢
dnoug QL'0F b OF LEOF LELF 09 LT £2°1F I6'0F 5L LF asunesiew 8 o¢
BEEERY v £ 097 RS G- WE0S L6 Y (e P LEE GV 0k O0f €L IS AV ul josnsotdyd & <)

YLF 90°0F §i°0F S2°0F LZ0% LT°0F SLOF BLoF
PY N 6 FEE ALY 9- €60 el £l= 99t BTF 6l- @6l Z4'E £l- 6FS BES BSGP ALLES "|0IIS0YS-g
SO'0F SO0F 6L'0F EC0F qL'0F gl'oF aLoF gLoF PRECIFECTEITE N

cL UN £ [LSE AN LD 4 Ol WSTF B 1+ E6'0 IO 9= 96'E SEF L= 981 eEl gl=  12'9 £E9 ul B pg | |ounso,

0L LT [AVE SN e gl g8’y 978

—£T EEL —HB7T —Hi'E —0r -anty RS LUY
(5aNjEA [OIUOD SA sl £~ [OURIS
00l AN aE aunseq) AduTy oy YA YA S A a 7L &L £l 96t 9f'¢ G 5101 oL i gy 819 Suiweos supedieyy
spuedisipey ym ‘B ym sfueyy puz jemwy  eSueyy puz jemwy  sBuey) pug up  aBueyd puz | aBueyy puy p/asog

JLRY] ey ‘uoneIRg A Yo % o %
G} durp Apmysg Jaueadf |oysajoyy 1aH |o433s30y3 1011 sapaIRaAS LI [GIEHE Wt |

W ‘aRjawreseg pidi

AT

¥, Hermansen et al

pids

tffects of 5oy on L

o4




a d-week high-fat diet, participants were randomly assigned to 25 g of margarine with
2.34 g of wood stanol (sitostanol 2.15 g, campestanol 0.19 g} or 2.20 g of vegetable
stanols from soy ol (sitostano] 150 g, campestanol .70 g) or a diet without stanols for
8 weeks. During the study, the diet resembled the NCEDP step 2 diet. At 8 weeks, serum
LDL cholesterol decreased by 14% with wood stanol and 9% with vegetable stanols
compared with the control” diet. Respective reductions in total cholesterol were
11% and 8%. The decline in the LDL:HDL ratio exceeded that in the control group
by 11% with wood stanol and by 5% with vegetable stanol. Consumption of plant
stanols was deemed to offer an additional, dinicalIy significant reduction in choles-
terol concentrations compared with that of a low-fat diet alorne.

Plant stanol esters affected serum cholesterol concentrations in 4 dose-dependent

ized background diet with precise amounts and qualities of fat. After a 1-week run-in,
all patients consumed five different doses of plant stanol (08,16,24 32 g, and con-
trol dose) daily for 4 weeks each. A 1.6-g dose significantly reduced total (7%) and LDIL
(6%) cholesterol, Increasing the dose to 2.4 and 3.2 g had no clinically important addi-
tional effects. The LDI:HDL ratio decreased by 7% with 1.6 2, 10% with 2.4 g and 11%
with 3.2 8- Doses above 2.0 to 3.0 g of stanol produced no additional effect.

sitostanol ester—rich margarine (3.18 g of stanols with 82.8% sitostanol, 7.5% campe-
stanol from tall oil) or campestanol ester—rich margarine (3.16 g of stanols with 65.2%
sitostanol and 28.1% campestanol). The 6-week margarine periods were double-blind-
ed in random order and used a crossover design. Campestanol ester—rich margarine
decreased total cholesterol by 4% to 6% and LDL cholesterol by 9% to 10%, making it
as etfective as a sitostanol ester—rich margarine with a low campestanol content, The
LDL:HDL ratio decreased significantly by 13% to 14%. HDL cholesterol increased
significantly with the sitostano] ester—rich margarine and with butter alone when com-
pared with the home diet. Butter and the stanol ester—enriched margarines did not
differ in their HDL~increasing effect.

Sitostanol ester and vegetable oil sterol ester were also compared by way of a ran-

g ;
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A randomized, crossover, double-blind trial compared margarines containing plant
sterol esters with margarines containing saturated plant stanol esters in terms of their
effect on serum lipids.* Fifteen mildly hypercholesterolemic men consumed a fixed-
intake North American solid-food diet during the 21-day treatment period, each peri-
od followed by a 5-week washout; 23 g of margarine with 1.84 g of plant sterols or
stanols from vegetabie oil was taken daily. The LDL:HDL ratio decreased by 9%
(sterols) and 10% (stanols). The stanol group saw a more pronounced decline than the
sterol group in total (13% vs 10%) and LDL cholesterol (13% vs 8%), and both groups
posted greater decreases than the control group (total cholesterol 6%, LDL cholesterol
4%). These results differ from those in the sitostanol/vegetable oil sterol ester study,*
which found no differences; that outcome may be attributed to aspects of study design
including phytosterol formulation, dosage, or dietary composition.

The effect of sitostanol-containing phytosterols from tall oil on plasma lipids was
investigated in a randomized, double-blind trial® For 30 days, 32 hypercholes-
terolemic men consumed a diet that reflected the nutrient intake recommended by

- Health and Welfare Canada. The control group received this diet alone; the test group

also consumed 30 g of margarine with 1.7 g of phytosterols daily. The LDL-cholesterol
concentration dropped by a significant 9% on the diet alone and by a significant 24%
on the phytosterol-enriched diet, significantly higher than that of the control group.
Respective reductions in total cholesterol were 10% and 20%, although the differences
were not significant when compared with baseline values. The LDL:HDL ratio
decreased by 15% with the enriched diet and by 3% with the control diet.

These results contrast with those in a test of the cholesterol-lowering effects of
dietary supplementation with sitostanol from tall oil (3 g/d packed in capsules each
containing 250 mg of sitostanol and 1 g of safflower oil) in 33 men with mild hyper-
cholesterolemia whose dietary cholestercl was restricted to less than 200 mg/d (step
1 diet).”" Each test period lasted 3 months. Sitostanol added to the step 1 diet had no
significant effect on total or LDL cholesterol compared with the step 1 diet alone.
Despite differences in study design and compliance, the authors of another study*
assumed that the capsular phytosterols may not fully disperse or dissolve in the intes-
tines before absorption, limiting their ability to reduce cholesterol absorption.

A randomized, double-blind, placebo-controlled, balanced, Latin square-designed
study™ investigated 100 normocholesterolemic and mildly hypercholesterolemic volun-
teers who each consumed four spreads with different levels of plant sterols for 3.5 weeks
(control, 0.83, 1.61, 3.24 g of plant sterol from vegetable oil, mainly soybean). Compared
with the control spread, the three dosages of plant sterols reduced total cholesterol by
5% to 7% and LDL cholesterol by 7% to 10%; the differences among the dosages were
not statistically significant. The LDL:HDL ratio decreased by a significant 9%.

A safety evaluation in 12 healthy men and 12 healthy women was conducted to
determine the effect of phytosterol ester consumption on serum lipid levels and viable
fecal microflora count, fecal bacterial enzyme activities, and female sex hormones.® In
part 1, participants consumed 40 g of control margarine under controlled dietary con-
ditions for 21 and 28 days; in part 2, participants were randomly allocated to consume
40 g daily of either the control or the test margarine containing 8.6 g of vegetable oil
phytosterols. Compared with the control group, the phytosterol group experienced sig-
nificant reductions in total {18%) and LDL cholesterol (23%), in fecal lactic acid con-
centration, and in serum progesterone levels. The LDL:HDL ratio fell significantly by
13% (vs 5% in the control group). Total fecal aerobes, lactobacilli, and staphylococci

K. Hermansen et al
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were also significantly reduced in the contro] group; in the test group, only the lacto-
bacillus count decreased. None of the significant findings except the beneficial reduc-
tion of serum lipids were considered to be biologically important.

Effect of Garlic on Blood Lipids

Three meta-analyses are reviewed. Two early meta-analyses of published clinical
trials of garlic revealed statistically significant reductions of 9% to 12% in total
cholesterol concentrations % A mere recent meta-analysis® involved 13 studies of
781 patients. Only randomized, double-blind, placebo-controlled studies were includ-
ed in our review; total cholestero] levels had to be at least 5.17 mmol/L. A significant

garlic over placebo. The weighted mean difference of —0.41 mmo] /L (95% confidence
interval, -0.66 to —0.15 mmol/L) was equivalent to a 6% reduction from baseline.

A parallel study investigated the effect of dried garlic-powder tablets on blood
lipids (Table 6).7 The active-treatment group consisted of Europeans with a fasting
cholesterol concentration from 6.0 to 8.5 mmol/1. and an LDIL concentration of at
least 3.5 mmol /L. At the end of the 6-month trial, no significant differences were
observed between the treatment and control groups.

Comparable results were obtained from a crossover study of individuals with
mild to moderate hypercholesterolemia who took 300 mg of garlic-powder tablets
three times daily for 12 weeks.® No significant differences were recorded between
the garlic and placebo periods on any of the blood parameters measured,

In a parallel-group study,* patients with coronary artery disease (30 patients in
each group) received two capsules twice daily; each capsule contained ethyl acetate
extract from 1 g of peeled and crushed raw garlic. Significant net reductions
occurred in total serum cholesterol (11%) and triglycerides (12%) after the 3-month
treatment; HDL cholesterol rose significantly (22%).

The efficacy of supplementation with aged garlic extract was investigated in
an intervention study in 34 men with cholesterol concentrations between 5.7 and
7.4 mmol/1.*° The patients were divided into two groups and received either nine
capsules of aged garlic extract 800 mg per capsule daily or placebo (each placebo
capsule contained 800 mg of a common food ingredient). After 5 months, plasma
total and LDL-cholestero] concentrations had decreased by 7% and 10%, compared
with placebo. Plasma triglyceride and HDL-cholesterol levels remained constant.

the active-treatment or placebo group.

In contrast, the efficacy of a garlic preparation on hypercholesterolemia was cop-
firmed in renal transplant recipients.® Patients with levels of LDL cholesterol in
excess of 4.14 mmol/L, total cholesterol higher than 6.2 mmol /L, and triglycerides
of 5.65 mmol/T. or less were studied. Garlic decreased total and LDL-cholesterol lev-
els after 6 weeks of therapy, and the levels remained stable at 12 weeks; no signifi-
cant changes were observed with placebo.
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DISCUSSION

The analysis included 7 clinical trials investigating the influence of ISP on serum
id levels. The review covered 5 trials of psyllium, 7 of oats, 12 of plant stanols.and
sterol esters, and 7 studies of garlic preparations. These results were compared with
those of 4 studies of Abacor (3) and Abalon (1).

The amount of soy protein ingested daily ranged from 20 to 85 g. These 4- to
24-week trials reported significant reductions in serum 1.DL cholesterol (range, 4%
21%) and consequently in LDL:HDL ratios (range, 3%-27%) compared with control
(+6% to ~19%). The Abacor and Abalon studies reported LDL—lowering effects in the
range of 8% to 21% (4%-9% net), with the LDL:HDL ratio decreasing by 10% to 27%,
compared with decreases of 4% to 19% in the placebo group. In the seven trials, as wel]
as in the four studies with Abacor and Abalon, the total cholesterol~lowering effect of
ISP was significant, from 3% to 6% (net), compared with placebo. The four studies that
demonstrated nonsignificant changes in total cholesterol included mostly normocho-
lesterolemic® o mildly hypercholesterolemic participants.’* Only one trial in
moderately hypercholesterolemic patients” noted no significant decrease in total
cholesterol. Among the reviewed trials, only one study'® showed a significant increase
in HDL cholesterol. Abalon was the only product tested that significantly reduced
triglycerides compared with products containing ISP+ :

Compared with the other s0y products, Abacor and Abalon substantially affected
cholesterol levels, In only one study's were results nearly comparable overall and

Abalon4, however, the net changes in total and LDI, cholesterol and triglycerides
were lower than those reported for Abalon and some Abacor preparations.

Soy protein reduces the serum LDL-cholesterol concentration even when admin-
istered as an adjunct to controlled low-cholesterol regimens such as the NCEP step
1 diet.’s151° A review of 38 trialslo showed that the ability of soy protein to lower lipid
levels was related to the initial leve] of serum cholesterol, the only significant pre-
dictor of the change in serum lipid concentrations. Normocholesterolemic and mild-
ly hypercholesterolemic patients (6.6 mM) achieved nonsignificant reductions in
the range of 3% to 4%. Those with moderate hypercholesterolemia (6.7-8.6 mM)
achieved significant decreases (mean, 7%), and "patients with severe hyperchole-
sterolemia, whose initial total cholesterol levels exceeded 8.66 mmol/ I, demon-
strated reductions of 20%. The pattern of LDL decrease was similar, and changes in
HDL cholesterol were uniformly nonsignificant in this meta-analysis.

It is not known which bioactive component of soy protein mediates changes in
lipid levels, and the mechanism of the lipid-lowering effect of S0y protein remains
unclear. There are differences in the amino-acid composition of soy and animal pro-
teins. Soy protein is richer in L-arginine, and its isoflavones may also contribute to
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the lipid-lowering activity. Soy isoflavones are nonsteroidal compounds from soy-
beans that have a weak estrogen-like activity and bind to estrogen receptors. Soy
isoflavones are composed of three main isoflavones and their glycosylated forms,
which also show antioxidant properties. The mechanism of the possible cholesterol-
lowering activity of soy isoflavones is still undefined.

Trials that compared jsoflavone-free soy protein with soy protein containing fixed
levels of isoflavones showed that isoflavones contribute to the lipid-lowering effect
in women.”# Significant changes in the concentration of LDL-receptor messenger
RNA were observed in blood mononuclear cells after a daily intake of 56 mg (27%
and 90 mg (75%) of isoflavones for 24 weeks; this raised the possibility that
isoflavones may trigger estrogen-like enhancement of LDL-receptor activity.’s

Most of the psyllium trials involved 8 weeks of a controlled cholesterol-lowering reg-
imen, such as the NCEP step 1 diet from the American Heart Association, prior to treat-
ment and featured a parallel-group design. Intake of 10.2 g of psyllium (7 g of soluble
fiber) from 6 to 26 weeks produced a net reduction of total cholesterol that ranged from
nonsignificant in a long-term study to 5%; LDL decreased by 2% to 7% compared with
the diets alone. Three meta-analyses showed an LDL-cholesterol reduction ranging from
6% to 7% following daily consumption of 9.1 to 10.2 g of psyllium (Table 7).2425.66

Two trials®* reported rather large decreases, but lipid reductions were also sub-
stantial in the control groups and the participants did not follow a low-fat diet in
either study. In one report® that noted large differences in initial lipid levels, LDL cho-
lesterol was 22% to 25% lower in the control group than in the treatment group when
the study began.

Variable results emerged from the seven clinical trials of beta glucan—containing
oat bran (100 g of oat bran contains a mean dry weight of 5.5 g of beta glucan as
a base).” Intake of high levels of beta glucan (approximately 3.0-8.7 g daily) signif-
icantly decreased serum total cholesterol by 2% to 15% and LDL cholesterol by 2%
to 26% in mildly to moderately hypercholesterolemic individuals. Soluble fibers did
not significantly affect ITDL cholesterol and triglycerides. In a very small study® of
eight patients with type 2 diabetes, 9 g of beta glucan lowered LDL. levels by 23%. In
young normocholesterolemic men, however, the same daily intake of beta glucan
increased serum total and LDL-cholesterol levels by 9%,

One meta-analysis of 67 controlled trials of dietary fiber® emphasized the small
mean reduction in LDL cholesterol (0.057 mmol /L) per gram of fiber for the 2- to 10-
daily dosage of viscous fiber. No major differences were reported among the differ-
ent sources of viscous fibers, which did not include soy fibers. The authors con-
cluded that soluble fibers could make only a small contribution to dietary therapy
aimed at lowering cholesterol.

A daily intake of 25 g of soy fibers significantly reduced serum total cholesterol
(4%) and L.DL (5%) in moderately hypercholesterolemic men.® Other investigators
using different preparations noted variable responses.®

Of the 12 investigations of plant stanol and sterol esters, 10 involved mildly hyper-
cholesterolemic volunteers, and 2 enrolled normocholesterolemic individuals, N early
all studies in which ester-containing margarines and spreads replaced usual spreads
reported significant (net) reductions in serum total cholesterol (4%—~16%) and LDL
cholesterol (4%-18%) after 4 to 12 weeks compared with controls. Triglycerides and
HDL levels did not significantly change in the majority of the trials reviewed. Only
one study®’ with sitostanol noted no significant reductions in serum lipid fevels.

K. Hermansen et al
70 Effects of Soy on Lipids
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A recent review” of three controiled clinical trials reported on 242 mildly hyper-
cholesterolemic participants who consumed margarine or mayonnaise with stanol
esters in daily amounts of 2 to 3.4 g. Total cholesterol concentrations fell by 15%,
LDL by 20%. No obvious side effects have been noted with phytosterols, except in
individuals with phytosterolemia, a rare inherited lipid disorder characterized by
increased absorption and decreased biliary secretion of plant sterols and accelerated
arteriosclerosis.®’

Meta-analyses of soy, psyllium, oat, and garlic are compared in Table 7. The
effects of soy products on total cholesterol lowering are comparable to those of gar-
lic (soy 9%, garlic 9%-12%). Psyllium and oats produced values below these, although
these results contrast with findings in other studies % which reported extremely
large changes.

The efficacy of garlic in improving lipid values is well accepted. Early meta-analy-
ses of clinical trials of garlic unanimously demonstrated statistically significant bene-
fits over placebo. More recently, however, several placebo-controlled trials® 8616264
have failed to confirm garlic’s lipid-lowering efficacy. This discrepancy may be rooted
in methodologic differences such as the lack of diet protocols or well-defined diet con-
trol. Moreover, blinding may have been compromised in placebo-controlled trials,
because many participants complained of altered body odor or garlic breath.” A meta-
analysis® was conducted to consider the negative results of several recently published
studies. Although plasma total cholesterol levels dropped significantly by 6%, no sig-
nificant reduction was observed if only diet-controlled trials were analyzed. To date,
a conclusive assessment of the lipid-lowering efficacy of garlic preparations is not pos-
sible. One report™ pointed out that long-term studies of dosage and preparation types
are required to confirm the efficacy of garlic in lowering cholesterol levels and to fully
understand its potential role in cardiovascular disease.

The efficacy of the studies reviewed is iltustrated by summaries of results with
each natural product in terms of the LDL:HDL. ratios (Table 8) and their mean (not
weighted) effect (Table 9). All studies with Abacor and Abalon led to reproducible,
statistically significant decreases in lipid parameters, especially LDL and total cho-
lesterol and the LDL:HDL ratio. In all studies as well, a reliable increase in HDI. cho-
lesterol occurred with Abacor and Abalon, which stands in contrast to many other
studies (eg, with plant sterols/stanol esters) in which HDL did not clearly change.
HDL never decreased when Abacor or Abalon was added to the diet. ISP with stan-
dardized, fixed, high levels of isoflavones, soy fiber, and soy phospholipids posi-
tively affects blood cholesterol levels. The new products Abacor and Abalon there-
fore effectively reduce cardiovascular risk factors.

K. Hermansen et al
70 Efiects of Say on Lipids
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Abacor and Abalon
Tonstad et al!3

Puska et alT1

Abacor 397 CTR data

Hermansen et al 18
Soy products

Wong et al 19

Baumn et g[16

Crouse et al17

Washburn et al18

Teixeira et al1?

Merz-Demiaw et a]20

Wangen et al21

Kurowska et al23

Ashton, Ball22
Psyllium

Romero et ai33

Rodriguez-Moran ef a}32

MacMahon, Carless3?
Davidson et ai
Anderson et a]30

Oats, Beta %Iucan
Beer et {20
Pick et ai39
Gerhardt, Gallo34
Behall et ai3>
Onning et 236 _
Lovegrove et aj37
Romero et /33

Plant stanols/sterals
Miettinen et a[42
Miettinen et a}43
Blair et al**

Hallikainen, Uusitupa45

Halfikainen et 4146
Gylling et al?’
Denke>1

Westrate, Meijer4 8

Hendriks et al52
Jones et al49

Ayesh et al>3
Jones et 3120

Garlic preparations
Neil et ai-
Simons et al58,
Gardner et aiﬁ,l
Superko et af2
Lash et ai®3

IF=isoflavones; CTR=clinical trial report,

Net changes.
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Preparation

LDL:HD1 Ratio,
% Decrease

Abacor 115 mg IF
Abacor 192 mg IF
Abacor 192 mg IF
Abacor 152 mg IF
Abalon 165 mg IF

Suprasoy
ISP 56/SP 90
Soy protein 62 mg IF
Soy protein 34 mg IF
Supro Plus 675 HG
Soy protein 129 mg [F
Soy protein 65 mg IF
Soy protein 132 mg {F
Soybean product
Tofu

Psyllium
Psyllium
Psyltium
Psyilium
Psyllium

Beta giucan
Oat bran
Qat bran
Oat fiber
Oat milk 3.8 g beta giucan
(at bran
Qat bran

Sitostano!
Benecol
Benecol

Plant stanals
Plant stanols
Sitostanoi
Beta sitostercl
Phytosterol (Take Contral)
Benecol
Take Control
Sitostano! ester
Beta-sitosterol ester
Phytosterol mixture
Phytrol/Reducol

Kwail garlic tablets
Kwai garlic tablets
Carlic powder tablets
Kwai garlic tablets
Pure-Gar garlic tahlets

22
27
18

22

4-10
10-14

1-3

14
13
11
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11-12
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30-35

Study Duration,
wk
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