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Abstract

We conducted a randomized, double blind, crossover, placebo-controlled study to determine the effects of a combination

therapy including plant sterols (PS) and psyllium (PSY), provided via cookies, on plasma lipids and on the size and subfraction

distribution of VLDL, LDL, and HDL. Thirty-three healthy free-living individuals (11 males and 22 females), aged 35–65 y, with

a BMI between 25 and 35 kg/m2 and initial plasma LDL cholesterol (LDL-C) concentrations between 2.6 and 4.1 mmol/L

(100 and 160 mg/dL), were randomly assigned to receive treatment cookies (7.68 g/d PSY and 2.6 g/d PS) or placebo cookies

(0 g PSY1PS) for 4 wk. After a 3-wk washout period, subjects received the other cookies for an additional 4 wk. Plasma total

cholesterol concentrations were significantly reduced for all subjects, from 5.65 6 0.72 mmol/L after the placebo period to

5.2860.76 mmol/L after the PSY1PS cookie period (P,0.01). These reductions were primarily in LDL-C, which decreased

from 3.48 6 0.70 to 3.14 6 0.78 mmol/L after PSY1PS cookie consumption (P , 0.01). Intake of the PSY1PS cookie

decreased the number of intermediate density lipoprotein (IDL), LDL, and HDL particles (P , 0.05) and plasma apo

B concentrations (P , 0.01). The decreases in LDL and HDL particles were in the small subfractions. Because smaller LDL

particles are associated with an increased risk of heart disease and because smaller HDL particles are indicative of diminished

reverse cholesterol transport, we conclude that the combination therapy resulted in a less atherogenic lipoprotein profile. In

addition, the evaluation of lipoprotein subfractions resulting from the action of the fiber and plant sterols in the intestinal lumen

provides an insight on the secondary mechanisms of plasma LDL-C lowering. J. Nutr. 136: 2492–2497, 2006.

Introduction

Coronary heart disease (CHD)6 is associated with high morbid-
ity and mortality rates (1). Hypercholesterolemia is a major risk
factor for CHD and atherosclerosis and high serum lipid
concentrations are linked with the development of CHD (2,3).
The National Cholesterol Education Program (NCEP) Adult
Treatment Panel (ATP) III recognizes that elevated LDL choles-
terol (LDL-C) is a major cause of CHD and has highlighted
LDL-lowering as a primary therapy to reduce the risk for CHD.
The new guidelines released by NCEP emphasize dietary and

lifestyle changes as a primary therapy to maintain the desired
plasma LDL-C concentrations (4).

Dietary therapy has been shown to be effective in reducing
the cardiovascular risk and mortality associated with high
cholesterol (5,6). Soluble fiber and plant sterols (PS) have
therefore been recommended by the NCEP-ATP III (4) and the
American Heart Association (7) as options in the dietary strategy
to reduce blood cholesterol concentrations. The gel forming prop-
erties of dietary soluble fiber are responsible for its physiologic
responses (8,9) such as improved glucose homeostasis and lipid
and lipoprotein profiles (10). PS, on the other hand, closely re-
sembles the structure of cholesterol and competes with choles-
terol during micelle formation. This action of PS interferes with
the intestinal absorption of cholesterol (11).

The consumption of 2–10 g/d soluble fiber was reported to
cause significant decreases in total cholesterol, with an effect
independent of study design, treatment length, and background
dietary fat content (12). A significant reduction of serum total
and LDL-C concentrations was reported in men and women
with primary hypercholesterolemia after consumption of 5.1 g
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of psyllium (PSY) twice daily (13). Miettinen et al. (11) reported
that 1.8 or 2.6 g/d of sitostanol, supplied via margarine to
subjects with mild hypercholesterolemia, significantly reduced
serum cholesterol (14% reduction in the treatment group
compared with only 1% reduction in the control group). Katan
et al. (14), in a metaanalysis of 41 trials, reported that intake of 2
g/d of stanols independent of background diet resulted in a 10%
reduction of LDL-C.

Both PS and soluble fiber can be preferable for the long-term
management of hypercholesterolemia (15,16). In combination,
these functional components are more effective than either
component alone. A dietary portfolio including soluble fiber, PS,
soybean protein and nuts with a very low saturated fat has been
as effective as the cholesterol lowering drug lovastatin in
hypercholesterolemic subjects (6,17,18). Moreover, sex and
hormonal status have influenced lipid lowering response of
dietary soluble fiber in both human and animal models (9,19).
The combined effect of soluble fiber and PS to evaluate clinical
markers of CHD in free living and mildly hypercholesterolemic
subjects has not been tested. We have previously demonstrated
in humans that PSY intake affects the intravascular processing
of lipoproteins by reducing cholesteryl ester transfer protein
(CETP) activity, via changes in the composition of VLDL (19).
These alterations in lipoprotein metabolism partially explain the
hypolipidemic effect of PSY. However, to our knowledge, there
are no reports evaluating changes in lipoprotein morphology
and subclass distribution resulting from the primary action of
PSY and PS in the intestinal lumen.

This study was conducted with the following 2 main
objectives: 1) to determine the combined effects of PS and PSY
on lowering LDL-C, and 2) to evaluate whether this dietary
intervention modified lipoprotein size and subfraction distri-
bution, which could further explain the hypocholesterolemic
actions of these compounds. Our hypothesis was that the
combined nutritional therapy would lower plasma LDL-C in
hypercholesterolemic individuals and that lipoprotein metabo-
lism would be modified.

Materials and Methods

Materials. Placebo and test cookies were obtained from RD Foods.

Enzymatic cholesterol and triglyceride kits were obtained from Roche

diagnostics. EDTA, aprotinin, sodium azide, and phenyl methyl sulfonyl
fluoride were obtained from Sigma Chemical. Glucose kits were obtained

fromWakoChemicals.An insulinELISA (DSL-10–1600) kitwasobtained

from Diagnostics Systems Laboratories. The ELISA for plasma insulin

determination was obtained from Diagnostic Systems Laboratories.

Subjects. Thirty three healthy adults, 11 men, 8 premenopausal
women, and 14 postmenopausal women, aged 35–65 y with initial

plasma LDL-C between 2.6 and 4.1 mmol/L (100 and 160 mg/dL) and a

BMI between 25 and 35 kg/m2 were recruited. All participants

completed the study. The exclusion criteria were diabetes, cardiovascular
disease or lipid-lowering drug treatment, and fiber or sterol supplemen-

tation. All subjects gave a written informed consent to participate, and

the study protocol was approved by the Committee on the use of Human
Subjects in Research of the University of Connecticut.

Study design. This was a randomized, double blind, crossover,

placebo-controlled study that was designed to determine the effects of

PS and PSY, provided via cookies, on plasma lipids and on the size and

subfraction distribution of VLDL, LDL, and HDL. Participants were
randomly assigned to the test cookie (10 g of PSY yielding 7.68 g/d of

soluble fiber and 2.6 g/d PS) group or placebo cookie (0 g PSY 1 0 g PS)

group, in a crossover design. Participants were asked to consume 2

cookies (labeled A or B)/d, for a period of 30 d. The design included a 21-d
washout period. During the first treatment period, 17 subjects were

eating the test cookies and 16 subjects consumed the PSY1PS cookie.

Subjects were asked to maintain their habitual diet and level of exercise.

Dietary intake during both periods was assessed by the completion of 5-d
weighted dietary records that included 2 weekend days. Participants’

weight, height, and blood pressure were recorded at the beginning and

end of each treatment period.

Dietary supplement. Macronutrient, fiber, and plant sterol contents of

the cookies are listed in Table 1. A regimen of 2 cookies/d was packed in
individually labeled bags and provided to the subjects on a weekly basis.

Participants returned empty bags or bags containing the uneaten portion

of the cookies, and the weight was recorded to calculate the amount of

cookies consumed per individual during each dietary period. We
developed a questionnaire to evaluate whether subjects had any difficulty

adhering to the supplementation protocol. Subjects were asked about

any gastrointestinal disturbances or physiological changes. At the end of
each treatment period, participants completed the questionnaire,

reporting any discomfort or side effects.

Dietary analysis. The nutrient intake and nutrient composition of the

cookies was calculated using the Nutrition Data System for Research

(NDS-R) software version 5.0, developed by the Nutrition Coordinating
Center, University of Minnesota, Minneapolis, MN, Food and Nutrient

Database 28. If an analytic value is not available for a nutrient in a food,

NDS calculates the value based on the nutrient content of other nutrients

in the same food or on a product ingredient list, or it estimates the value
based on the nutrient content of similar foods. Nutrient intake was

calculated as a mean of the 5-d dietary records, including 2 test cookies/d

for both dietary periods. Energy derived from total fat, saturated fat,

monounsaturated fat, polyunsaturated fat, carbohydrates, and protein
were also calculated.

Data collection. At the end of each treatment period, 2 blood samples

drawnondifferent days to control for day-to-day variabilitywere collected.

Plasma was separated by centrifugation at 2000 3 g for 20 min, and
aprotinin (0.5 mL/100 mL), sodium azide (0.1 mL/100 mL), and phenyl

methyl sulfonyl fluoride (0.1 mL/100 mL) were added for preservation.

Plasma was stored in individual aliquots at –80�C for later analysis.

Plasma lipids. Our laboratory has been participating in the Centers for

Disease Control–National Heart, Lung, and Blood Institute (CDC-
NHLBI) Lipid Standardization Program since 1989 for quality control

and standardization for plasma total cholesterol and TG assays. CVwere

1.53–2.02 for total cholesterol, 1.91–2.62 for HDL-C, and 1.7–3.78 for

TG during the time of this study. Plasma TC and TG concentrations were
determined by enzymatic methods (20,21). HDL-C concentration in the

supernatant was measured by an enzymatic method after selective

precipitation of apo B-containing lipoproteins, by magnesium chloride

and dextran sulfate (22). LDL-C was calculated as described by
Friedewald et al. (23). Apo B was measured using an immunoturbidi-

metric method with turbidity determined at 340 nm (24).

VLDL, LDL, and HDL size and subfraction distribution. H-NMR

analysis was performed on 400MHzNMR analyzer (Bruker BioSpin) as

TABLE 1 Nutrient composition of placebo and test cookies

Placebo cookie Test cookie

Total energy, kJ/cookie 652 644

Total fat, g/cookie 7.6 6

Total saturated fat, g/cookie 2.2 1.9

Total monounsaturated fat, g/cookie 3.4 2.6

Total polyunsaturated fat, g/cookie 1.6 1.2

Total carbohydrate, g/cookie 20 23

Protein, g/cookie 1.88 1.96

Total fiber, g/cookie 1.42 4.67

Soluble fiber, g/cookie 0.19 3.8

Plant sterols, g/cookie 0 1.3

Cholesterol, mg 13.1 10.3
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previously described (25). Briefly, lipoprotein subclasses of different sizes

produce a distinct lipid methyl signal, whose amplitude is directly pro-

portional to lipoprotein particle concentration. NMR simultaneously
quantifies.30 lipoprotein subclasses that are empirically grouped into 9

smaller subclasses based on particle diameters: large VLDL (.60 nm),

medium VLDL (27–35 nm), small VLDL (23–27 nm), large LDL (21.2–

23 nm), medium LDL (19.8–21.2), small LDL (18–19.8 nm), large HDL
(8.8–13 nm), medium HDL (8.2–8.8 nm), and small HDL (7.3–8.2 nm).

Weighted mean lipoprotein particle sizes in diameters were calculated

based on the diameter of each lipoprotein subclass multiplied by its

respective relative concentration.

Plasma glucose and insulin. Plasma glucose was determined enzy-
matically (25). Insulin concentrations were determined in duplicate using

an ELISA. The intra-assay CV was 1.6%.

Statistical analysis. A 1-way ANOVA was used to test for baseline

differences among the subjects in body weight, plasma lipids, and sys-
tolic and diastolic blood pressures. A 2-way repeated measures ANOVA

was performed to test the significant effects of PSY1PS intake (test vs.

placebo), group effects (men, premenopausal women, and postmeno-

pausal women) or their interaction on plasma lipids, VLDL, LDL, or
HDL size and subfraction distribution, insulin, glucose, apolipoprotein

B, and nutrient intake. Tukey’s post-hoc test was used to find differences

among means. A paired t test was used to compare placebo vs. test

periods. Data are presented as means6 SD. Differences of P, 0.05 were
considered significant.

Results

Baseline measurements. Participants were grouped depend-
ing on sex and hormonal status (Table 2). Baseline character-
istics, including BMI, systolic and diastolic blood pressures,
plasma LDL, HDL, and total cholesterol, and plasma TG did not
differ among the subjects except for HDL-C, which was higher
in postmenopausal women than in men. Plasma HDL-C in pre-
menopausal women did not differ from either men or postmen-
opausal women.

Dietary intake and compliance. There was high dietary
compliance during both treatment periods. Subjects collected
their respective cookies every week and returned the package
with or without uneaten portions of the cookies. Total energy
intake and energy distribution in carbohydrate, fat, and protein
did not differ between treatment and placebo periods (Table 3).
Total and soluble fiber intakes were higher during the PSY1PS
period (P , 0.0001). The Nutrition Data System does not pro-
vide analysis for plant sterols in food. However, the additional

2.6 g/d of plant sterols that the subjects consumed during the
treatment period indicates that consumption of plant sterols
would have been greater during the placebo period.

Symptoms. Symptoms reported in the questionnaire did not
differ between the placebo and test periods (data not shown).

Body weight and plasma lipids. Body weights did not change
during either period (Table 4). PSY1PS lowered plasma total
and LDL-C (P , 0.01) in all subjects compared with the
placebo. In contrast, there were no changes in HDL-C or TG.
There was no significant influence of sex and hormonal status or
their interactions on plasma lipid concentrations (data not
shown).

Plasma apoprotein B and lipoprotein size and subfraction

distribution. The mean size of VLDL, LDL, and HDL particles
did not change during the test or placebo periods (data not
shown). However, dietary treatment significantly affected the
total number of lipoprotein particles (Table 5). The combined
effects of PSY1PS reduced the number of intermediate density
lipoprotein (IDL), LDL, and HDL particles (P , 0.05) in all
subjects. In contrast, the number of VLDL particles was not
affected by the treatment. In agreement with these observations,
there was a significant reduction of plasma apo B concentrations
due to PSY1PS (Table 6), which was linked with a reduction in
the medium-small LDL subfractions (P , 0.05). Similarly, the
reductions in HDL numbers were associated with lower concen-
trations of the small HDL (Table 7). There was a significant
correlation between changes in LDL particles and IDL particles
from the placebo to the PSY1PS periods (Fig. 1), suggesting that
the lower concentrations of medium LDL particles during the
treatment period were due to a reduction in the conversion of
IDL to LDL.

Glucose and insulin. Plasma glucose concentration was lower
during the treatment period for all subjects (5.0 6 0.5 mmol/L)
than during the placebo period (5.3 6 0.5 mmol/L) (P , 0.05).
Plasma insulin concentrations were not influenced by diet or
gender/ hormonal status (data not shown).

Discussion

In this study, we sought to assess the efficacy of a combination
of functional components provided via a novel delivery vehicle
to reduce LDL-C, rather than aiming to evaluate the separate
contribution of individual components. This was a weight
maintenance study in which test cookies were consumed without
changing the background diet and physical activity.

PSYand PS significantly decreased the plasma TC and LDL-C
concentrations by ;7 and 10%, respectively. According to the
literature, when these dietary components are consumed to-
gether, each is suggested to individually contribute to a 4- to 7%
LDL-C lowering (6). Our results suggest that there might be an
additive effect of psyllium and plant sterols, because the decrease
in LDL-C was 10%. Dietary intervention in adults,65 y aiming
to reduce LDL-C concentrations by 10% would decrease the
number of people who qualify for drug therapy by as much as
7% (26). This study produced modest but sustained reductions
in LDL-C.

The treatment cookies improved the plasma glucose concen-
tration. Associations between soluble fiber and glucose and
insulin responses have been reported (10,27). Riguad et al. (28)

TABLE 2 Baseline plasma lipids, BMI, and systolic and

diastolic blood pressures of participating subjects1

Men PreMW2 PostMW

n 11 8 14

BMI, kg/m2 31.4 6 5.0 33.7 6 3.9 30.0 6 4.4

Diastolic blood pressure, mm Hg 79.6 6 8.0 85.0 6 4.0 81.4 6 3.0

Systolic blood pressure, mm Hg 124.0 6 10.5 132.4 6 9.7 123.3 6 10.9

Total cholesterol,3 mg/dL 203.2 6 23.2 216.8 6 18.9 214.9 6 44.8

LDL cholesterol,3 mg/dL 131.0 6 20.6 129.8 6 28.1 125.8 6 39.7

HDL cholesterol,3 mg/dL 51.8 6 28.9a 60.4 6 9.9ab 65.2 6 17.5b

Triglycerides,4 mg/dL 105.4 6 51.0 143.3 6 65.4 116.9 6 46.8

1 Data are presented as means 6 SD. Means in a row without a common letter differ,

P , 0.05.
2 PreMW, premenopausal women; PostMW, postmenopausal women.
3 To convert to mmol/L, divide by 38.67.
4 To convert to mmol/L, divide by 88.54.

2494 Shrestha et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article-abstract/136/10/2492/4746685 by guest on 02 M

arch 2020



found that consumption of 7.4 g PSY/d significantly reduced
postprandial increases in serum glucose, TG, and insulin
concentrations. PSY also been improves both glycemic and lipid
profiles in diabetic individuals (29,30).

Sex and hormonal status influence the lipoprotein changes, as
evidenced by the fact that men are at higher risk of CVD than
women at younger ages, whereas postmenopausal women are at
a higher risk than their younger counterparts (31,32). Vega-
Lopez et al. (19) reported that sex and hormonal status influence
the PSY-induced responses to plasma lipids by increasing plasma
TG concentrations in postmenopausal women, whereas there is
a decrease in plasma TG in men, and no change in premeno-
pausal women. We did not find any influence of sex and hor-
monal status on PSY and PS effects on plasma lipids. One
possible explanation could be that combination of PSY and PS
may have outweighed the effects of PSY alone as influenced by
sex and hormonal status.

PSY, PS, and LDL metabolism. Normal blood lipid profiles
are not always connected with a lower risk for CVD. Lipopro-
tein subclasses may be other risk factors that cause CHD in
individuals with normal lipid profiles (33). Studies have shown
that small, dense LDL particles are associated with the etiology
of atherosclerosis and larger, less dense LDL particles are less
atherogenic (34,35). Elevated apo B as an indicator of elevated
LDL particle number could also be involved in CVD risk (34).

There are limited reports on soluble fiber supplementation in
diet and LDL phenotype. Behall et al. (36) reported that the
addition of barley to a healthy diet revealed favorable changes in

plasma lipids in both men and women. The result showed large
LDL fractions and increased mean LDL particles in postmen-
opausal women. Lambarche et al. (37) reported that dietary
portfolio of plant sterols, vegetable protein, viscous fiber, and
almonds had a favorable effect on reducing cholesterol concen-
trations from all LDL subfractions and reduced serum concen-
tration of all LDL subfractions, including small dense LDL. Oat
fiber supplementation produced lower concentrations of small,
dense LDL particles than placebo wheat cereal (38). Despite the
lack of effect of phytosterols on LDL size phenotypes (39,40),
dietary manipulation has been shown to modify LDL electro-
phorotic characteristics by shifting the LDL particles toward a
less atherogenic pattern A (41). Pedersen et al. (42) showed that
rapeseed and sunflower oil containing sterol had favorable
effects on LDL size and subfractions compared with olive oil.
Varady et al. (43) reported that PS significantly decreased the
cholesterol content in small, medium, and large LDL particles;
however, the changes were not linked with an increase in LDL
particle size. In our study, PSY1PS supplementation resulted in a
decrease in LDL-C that was associated with a decrease in the
number of LDL particles, but not in the amount of cholesterol
per particle. Further, the reduction in LDL occurred in the small
subfractions. The decrease in the number of LDL particles was in
conjunction with decreases in apo B concentration and with a
decrease in IDL particles, suggesting less conversion of IDL to
LDL during the test period. Gyalling and Miettinen (44) re-
ported the similar results, that supplementation of sitostanol
lowered LDL apo B production rate that was associated with
decrease in LDL-C concentration in plasma.

TABLE 3 Total energy intake, distribution of energy intake, and intakes of cholesterol, fiber, and plant sterols by men and pre-

and postmenopausal women during the test and placebo periods1,2

Men, n ¼ 11 PreMW, n ¼ 8 PostMW, n ¼ 14

Placebo Test Placebo Test Placebo Test

Total energy, kJ/d 9601 6 2454 9025 6 2029 8277 6 2203 8394 6 1613 9390 6 2272 8794 6 2080

Fat, % energy 39 6 8.3 38.4 6 9.1 35.3 6 5.4 36.4 6 6.4 41.1 6 6.4 39.2 6 8.7

SFA, % energy 13 6 4.4 12.7 6 5 11.9 6 2.6 11.7 6 3.7 13 6 3.2 13.3 6 2.4

MUFA, % energy 14.4 6 3.8 14.1 6 4 12.5 6 2.6 12.5 6 3.5 16.1 6 3 15.2 6 4.6

PUFA, % energy 7.4 6 1.2 7.4 6 1.3 7.9 6 4.2 8.6 6 5.5 7.3 6 2.2 8.4 6 6.1

Carbohydrate, % energy 44.5 6 8.3 46 6 9.2 49.4 6 6.1 49.5 6 8 41.1 6 8.5 44.6 6 9.2

Protein, % energy 16.5 6 3.4 16.5 6 2.7 13.6 6 1.8 15.1 6 2.3 16.2 6 3.3 17 6 2.1

Cholesterol, mg/d 373 6 97.6 407.9 6 162.3 238.9 6 138.5 210.5 6 144 372.4 6 124 345.4 6 156

Total fiber,g/d 22.5 6 9 28 6 7.2* 14.6 6 5.3 22 6 6.2* 19.6 6 6.5 26.6 6 5.1*

Soluble fiber, g/d 5 6 2 11.6 6 1.8 4.4 6 2.4 10.7 6 1 3.8 6 1.7 11.2 6 1.2

Plant sterols,2 g – 2.6 – 2.6 – 2.6

1 Data are presented as means 6 SD. *Different from placebo period, P , 0.05.
2 2.6 g/d PS was provided via test cookies. The evaluation of plant sterols was not included in the NSD program.

TABLE 4 Body weight and plasma lipid concentrations of all

subjects at the end of the placebo and test periods1

Variable Placebo Test

Body weight, kg 84.4 6 13.9 84.0 6 13.9

Total cholesterol,2 mg/dL 217.4 6 27.8 203.2 6 29.6*

LDL cholesterol,2 mg/dL 132.7 6 27.1 119.8 6 30.1*

HDL cholesterol,2 mg/dL 59.9 6 16.5 59.6 6 14.9

Triglycerides,3 mg/dL 128.0 6 56.0 121.4 6 54.4

1 Data are presented as means 6 SD as determined by paired t test, n ¼ 33.

*Different from placebo period, P , 0.01.
2 To convert to mmol/L, divide by 38.67.
3 To convert to mmol/L, divide by 88.54.

TABLE 5 Plasma total VLDL, IDL, LDL, and HDL particle

concentrations of all subjects after the test

and placebo periods1

Variable Placebo Test

VLDL, nmol/L 84.7 6 40.0 79.8 6 37.7

IDL, nmol/L 66.1 6 55.4 48.6 6 53.1*

LDL, nmol/L 1390.4 6 333.7 1300.2 6 376.1*

HDL, mmol/L 34.3 6 6.1 33.4 6 5.0*

1 Data are presented as means 6 SD as determined by paired t test, n ¼ 33.

*Different from the placebo period, P , 0.05.
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A previous study in our laboratory showed that PSY supple-
mentation induced formation of phospholipid (PL) enriched
LDL particles. This compositional modification of LDL was
connected with reduced CETP activity (45). The decrease in
LDL-C and the number of smaller LDL subfractions seen in our
study may be due to compositional modification of PSY1PS-
induced LDL particles and associated intravascular processing.
It is possible that PSY1PS could decrease plasma LDL-C by an
increase in receptor mediated endocytosis of LDL. PSY inter-
rupts bile acids absorption and PS inhibits cholesterol absorp-
tion. The action of both reduces the bile acid pool in the
hepatocyte, leading to increase in bile acid synthesis to com-
pensate for the loss of bile acids through the actions of these
components. To supply more free cholesterol as a substrate for
the bile acid synthesis pathway, the hepatocytes express more
LDL receptors, through which LDL is removed from the
circulation, resulting in a decrease in LDL-C concentration. The
increased expression of mRNA for LDL receptors, in hepato-
cytes as well as in mononuclear cells, by PS1PSY have been
well documented (9,46,47). The correlation between decreases
in LDL and IDL during the PSY1PS supplementation suggests
that an up-regulation of the receptor may have contributed to
the decreased conversion of IDL to LDL, as we previously ob-
served in guinea pig studies (8,9).

PSY, PS, and HDL metabolism. Like LDL, HDL particles are
heterogeneous, and HDL subclasses play interrelated metabolic
functions. Changes in HDL subclasses distribution might be
linked with atherosclerosis. Studies have suggested that an
increased CETP activity and a diminished LCAT activity are
associated with variation of HDL subclasses distribution. CETP
plays a role in exchanging neutral lipids, cholesteryl ester, and
TG between triglyceride rich lipoproteins and HDL particles.
Increased activity of CETP leads to TG-rich HDL particles,
which by the action of hepatic lipase are modified into smaller
HDL particles. Smaller HDL particles can create an environ-
ment of reverse cholesterol transport (48). In this study, although
plasma HDL-C concentrations were not affected by the treat-
ment, HDL subfraction distribution was changed, with a

reduction in the small HDL particle concentration. This has
been linked with diminished reverse cholesterol transport. Vega-
Lopez et al. (19) reported that PSY supplementation significantly
decreased CETP activity, whereas LCAT activity was not
affected. We, therefore, contend that the decrease in smaller
HDL subfractions in our study may be associated with a
decrease in CETP activity during the treatment period.

In summary, this study presents novel information regarding
the effects of a PSY1PS nutrition therapy on plasma lipoprotein
subfraction distribution. We provide evidence that dietary inter-
ventions affect plasma lipoprotein metabolism in the intravas-
cular compartment, resulting in the formation of lipoprotein
subclasses with distinct associations with CHD risk. The reduc-
tions in LDL-C induced by PSY1PS treatment were expected,
and these results by themselves are beneficial for CHD risk.
However, the more detailed evaluation of LDL and HDL sub-
fraction distribution provides more precise information regard-
ing the formation of less atherogenic LDL and HDL subclasses,
important results which should be considered when this com-
bined therapy is recommended.
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