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Fifty-one healthy, moderately hypercholesterolemic men
and women consuming their usual fat-modified diets
completed a 6-month, randomized, double-blind, plo-
cebo-controlled, parallel comparison of 15 g/day sup-
plemental water-soluble dietary fiber (WSDF; a mixture
of psyllium, pectin, guar gum, and locust bean gum} and
an inactive WSDF control (acacia gum). Compliance with
the treatments was >95%, adverse effects were mini-
mal, and body weights remained constant. The WSDF
mixture yielded 6.4% and 10.5% reductions in mean
plasma total and low-density lipoprotein cholesterol

concentrations, respectively, after 8 weeks, which were
sustoined at 16 and 24 weeks. Mean plasma high-den-
sity lipoprotein cholesterol and ftriglyceride concentra-
tions were unchanged. No significant changes in mean
plasma lipid or lipoprotein concentrations were ob-
served in the conirol group. These data demonstrate that
a WSDF approach to cholesterol management is effec-
tive as an adjunct to a fat-modified diet in healthy,
moderately hypercholesterolemic men and women.
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Avariety of water-soluble dietary fibers (WSDF)
consumed at levels in the range of approxi-
mately 5 to 30 g/day have been shown to signifi-
cantly lower plasma cholesterol concentrations in the
short term.' In fact, we previously demonstrated in
healthy hypercholesterolemic men and women, sta-
bilized on a fat-modified diet, that the addition of 15
g/day of WSDF from a mixture of psyllium, pectin,
guar gum, and locust bean gum significantly lowered
plasma cholesterol levels in a dose-dependent man-
ner over a 4-week period.' Fewer studies have ex-
amined cholesterol lowering over a period of =6
months,””® and there is some question of whether the
cholesterol-lowering effects are sustained over
time.®® Consequently, this placebo-controlled study
was designed to assess the cholesterol-lowering ef-
fects of WSDF administered to healthy hypercholes-
terolemic men and women over a period of 6 months.

METHODS

Subjects: The study was open to male and female
volunteers, 25 to 65 years of age, with plasma total
cholesterol concentrations in the range of 200 to 260
mg/dl, plasma triglycerides <350 mg/dl, fasting
blood glucose <120 mg/dl, and body weights
< 130% of ideal body weight according to the 1959
Metropolitan Life Insurance Tables. Subjects were
eligible if they were free of lipid-lowering medica-
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tions and had no history or evidence on medical ex-
amination of any disease that might influence lipo-
protein metabolism (gastrointestinal, thyroid, cancer,
and so forth). Persons were cligible who were re-
ceiving antihypertensive medications (blood pres-
sure stable at <160/95 mm Hg), oral contraceptives,
or estrogen replacement therapy if they had been on
a stable dose for at least 6 months and had no plans
to change.

Before the study, all subjects were stabilized on
self-selected, low-fat and low-cholesterol diets com-
parable to the National Cholesterol Education Pro-
gram (NCEP) Step One diet'® and were not taking
dietary fiber supplements of any kind. The study was
approved by Stanford University’s committee on the
use of hurnan subjects in medical research, and writ-
ten informed consent was obtained from each subject
after the study protocol had been explained.

Design: The study was a 24-week, randomized,
double-blind, placebo-controlled, parallel design
with 38 subjects, Subjects were randomized to treat-
ment or placebo groups after all baseline data were
collected, and were instructed to maintain their typ-
ical eating, physical activity, and medication patterns

“during the study.

Treatments: The WSDF treatment consisted of a
mixture of psyllium (2.1 g WSDF/serving), pectin
(1.3 g WSDF/serving), guar gum (1.1 g WSDF/serv-
ing), and locust bean gum (0.5 g WSDF/serving) pre-
pared as a powder in a carbohydrate base (approxi-
mately 15 g of fructose/serving) for palatability. The
control mixture consisted of acacia gum (5.0 g
WSDF/serving) prepared as a powder in the same
fructose base. We have previously demonstrated that
acacia gum, despite its WSDF classification, has no
significant impact on mean plasma lipid and lipopro-
tein concentration."!" Subjects were instructed to
mix a serving of their respective powders in 8 ounces
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of water and to consume the beverage with each of
3 major meals daily. The WSDF mixture treatment
provided 5 g of WSDF/serving for a total of 15
g/day.

Measurements: All subjects completed a screening
medical history, including medications, and if their
plasma total cholesterol and triglyceride concentra-
tions were not known, a screening lipid panel was
performed. Eligible subjects underwent a cardiovas-
cular-oriented physical examination, with measure-
ment of blood pressure and body height and weight.
Venous blood samples were obtained after a 12- to
14-hour fast on 2 separate days within a period of 8
days for analysis of plasma lipid and lipoprotein con-
centrations. The values obtained were then averaged
and used as the baseline for each subject. Fasting
blood samples were obtained by venipuncture,
Plasma lipid and lipoprotein concentrations were
measured in the Stanford University Lipid Research
Laboratory. Laboratory methods were those of the
Lipid Research Clinics and were standardized
through the Centers for Disease Control and Preven-
tion lipoprotein standardization program.'? Total
cholesterol and triglyceride concentrations were
measured with enzymatic techniques,'>'* and high-
density lipoprotein (HDL) cholesterol concentrations
were determined on the remaining plasma after pre-
cipitation of very low density lipoprotein (VLDL)
cholesterol and tow-density lipoprotein (LDL) cho-
lesterol with dextran sulfate.'S LDL cholesterol was
delerﬂ"lined by the calculation method of Friedewald
et al.

Adherence to treatments and adverse effects were
monitored using diaries that were completed daily
and returned every 2 weeks for review by the project
staff. At 8, 16, and 24 weeks, subjects completed a
follow-up medical history and examination, and fast-
ing blood samples were obtained for measurement
of plasma lipid and lipoprotein concentrations. In ad-
dition, at baseline and 8 and 24 weeks, each subject
completed a self-administered, computer-scannable
food-frequency questionnaire.'” Questionnaires were
reviewed by the study dietitian and then sent to the
Fred Hutchison Cancer Research Center (Seattle,
Washington) for analysis.

Data anglysis: Two-sample ¢ tests were used to de-
termine whether differences between groups at base-
line were significant. Significance was set up at p
<().05. The changes in variables between baseline
and 16 and 24 weeks were tested for significance
using analysis of variance.

RESULTS

Adherence and adverse effects: Of the 58 subjects
(31 men, 27 women) who began the study, 5 com-
pleted the entire 24-week protocol (Table I). There
were 2 dropouts from the control group {1 man and
1 woman, both because of scheduling conflicts) and
5 dropouts from the treatment group (3 men and 2
women, 3 because of dislike of the WSDF treatment,
1 for medical reasons unrelated to the study protocol,
and 1 because of scheduling conflicts). According to

TABLE | Buseline Characteristics of Subjects Whe Completed
the Study

WSDF

Parameter Mixture Control
Male/Female ratio 14/10 13/14
Age lyr) 50095 54,0+ 8.1
Body height [m) 1.62 £0.13 1.66 017
Body weight (kg 738x144 745+ 1746
Body mass index (kg/m?) 258+ 3.5 257 £ 6,17
Fasting blood glucose mg/dl}  102.5 2125 103.4=x13.6

Values are given as mean > 5D,
WSDF = water-soluble dietary fiber.

subject diaries, adherence to the treatments was
96.4% in the control group and 98.2% in the treat-
ment group. Adherence was calculated as a percent-
age by dividing the number of servings consumed
by the number of servings prescribed and then mul-
tiplying by 100. No major adverse effects were
noted. Adverse effects reported were generally re-
lated to minor and transient gastrointestinal discom-
fort such as gas, bloating, and loose stools at the
beginning of the study.

Diets and body weights: Analysis of the food-fre-
quency questionnaires indicated similarity at base-
line between groups in consumption of calories, per-
centage of calories from fat and saturated fat,
cholesterol, and dietary fiber (Table II). There was
also consistency of intake relative to baseline
throughout the treatment period for both groups. No
significant differences in mean body weights were
noted at baseline and between or within treatment
groups during the treatment period (Table III).

Plasma lipid and lipoprotein concentrations: There
were no differences between groups at baseline for
any of the plasma lipid and lipoprotein measures
(Table IH). Changes in mean plasma lipids and li-
poproteins were not significant from baseline to each
of the follow-up periods for the control group (Table
IIT). For the treatment group, the mean plasma total
cholesterol concentration declined significantly by
week 8 (—6.4%, —15 mg/dl), and this reduction was
sustained throughout the 24-week study. The decline
was largely due to a reduction in the mean plasma
LDL cholesterol concentration, which was apparent
at week 8 (—10.5%, ~16 mg/dl) and was also sus-
tained throughout the study period. Mean plasma
HDL cholesterol and triglyceride concentrations did
not change significantly over the course of the study.
However, triglycerides were quite variable and
tended to be higher over the course of study in the
treatment group.

A post hoc analysis of response to the {reatments
by gender was performed. Sample sizes were rela-
tively small in each group, and there was significant
between-visit variability in plasma lipid and lipopro-
tein measures. Nonetheless, no significant changes
from baseline were observed for men or women in
the control group, and the maximum cholesterol-
lowering effects of the WSDF treatment were similar
for men and women. The maximum reductions in
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TABLE Il R d Daily Intake of Selected Nutri t Baseli d at FollowU DISCUSSION
eported Daily Intake ot Selecte: utrients ot Baseline and at Follow-Up Compliance with the WSDF
at 8 and 24 Weeks :
supplementation protocol was ex-
) Calories - Sururc:rer Fat Cholest?rd ) . cellent (:>>95%), and adverse effects
Time (keal Fat (%) ) (gl Fiber lg) were minimal according to subject
Water Saluble Dietary Fiber mixture diaries. These results suggest that
Baseline 1,842 =627 31.6+127 11.4+62 209+ 146 145+9.3 WSDF supplementation is feasible
8 wk 1,748 586 303+134 120x57 248143 154=10] as an adjunct to managing hyper-
24 wk 1,827 613 299+142 109+460 197=151 150+ 103 cholesterolemia in otherwise
healthy subjects.
Centrol group The food-frequency data indi-
Baseline 1,902 +708 332148 117=68 227=x164 161=113 | cated that the subjects were con-
8 wk 1,878 2742 340151 123=53 216=132 168+129 [ suming a fat-modified, NCEP Step
24wk 1.840>696 313x143 118258 241x176 158=119 [ QOne-type diet, and that regular in-
*Parcentoge of calories from total fat. take Of WSDF in beverag_e form dld
TPercentage of calories from soturated fat. not Slgmﬁcamly alter their usual di-
*Cholesterol itake per day. etary patterns or lead to significant
iDietary fiber intake per day, excluding treatments. changes in bOdy weight for the
Values are given a5 mean = 5D. .
groups overall. Because exercise
patterns and medications were also
held constant, it is reasonable to as-
TCA?\ir::Iqueds o‘;gestmxtf\ c;:: Mean Plasma Lipid and Lipoprotein eribe changes in plasma lipopro-
oncentrations and Body Y¥eights teins to the added WSDF mixture.
Total C HDL C Body Weight The 6.4% and 10.5% reductions
Time fmg/dl}  IDLCimg/dll  {mg/dil TG (mg/dy tka) from baseline in mean plasma total
Woater Soluble Diefary Fiber mixture and LDL cholesterol concentrations
Boseline 235+ 19 152 = 22 54x15 142264 7382144 | ODSCrved in the treatment group af-
8 wk 220 18*'  136+20*" 51 %15 200-207 73.8=139 | fer 8 weeks are within a range typ-
16 wk 220+ 19*" 1422 21*'  52+17 153x108 73.4=136 | ical of various WSDF preparations
24 wk 219 + 246 137 £25*7 51214 14686 7282135 | fed in the short term.' The fact that
these reductions were sustained
Control group over the 6-month study period
Baseline 232 x22 14423  60x21 137x70 7452177 | (—6.8%and —9.9%, respectively) is
8 wk 235+ 28 142 + 27 63+22 149x118 747 =175 | consistent with studies that have ex-
16 wk 234 = 22 145 = 27 62 £ 22 133 £ 85 750178 amined WSDF Supp]ementa{ion for
24 wk 242 = 31 152 =31 6220 140+70 74B+17.6 =6 months in diabetics, hyper-
*Within-group changes from baseline are significant at p < 0.05. cholesterolemic adults,‘m and chil-
TBetwaen-group changes from baseline are significant at p < ©.05. dfel'l4 (Tab]e IV)
Values are given as mean = 5D .
C = cholesteral; HDL = high-density lipoprotein; D1 = low-density lipoprotein; TG = triglycerides. T_here are 2 pUbllS}}Ed. l.on_g_tem]
studies that suggest a diminishing ef-

mean plasma total cholesterol concentrations for
men were seen at 24 weeks (—=7.7%, —18 mg/dl) and
for women at 16 weeks (—8.9%, —21 mg/dl). Max-
imum reductions in mean plasma LDL cholestero}
concentrations for men were seen at 8 weeks
(—14.9%, ~23 mg/dl) and for women at 16 weeks
(—12.2%, — 18 mg/dl).

fect over time, or no effect of WSDF
on plasma total cholesterol concentrations (Table V),
Guar gum administered at 15 to 30 g/day to severely
hypercholesterolemic men and women produced an
18% reduction in mean plasma total cholestero! after
8 weeks, but the effect was attenuated thereafter. At
14, 18, 30, and 50 weeks, the reductions were approx-
imately 15%, 14%, 9%, and 11% below baseline, re-

TABLE IV Effacts of Long-Term Water-Soluble Dietary Fiber Supplementation on Mean Plasma Total Cholesterol Concentrations

Reference WS5DF Saurce and Dose Subjects DM Duration [mo) Change |%) Teb [mg/dl) Tcf [mg/dl)

2 Guar gum (14-24 g/d) 8 + 6 -8 193 178

3 Guar gum {12 g/d) 13 4} 12 -13 302 263

4 Psyllium [5-10 g/d) 36 0 8 —17 249 207

5 Food fiber {40 g/d) é + 15 -9 200 183

6 Guar gum (15-30 g/d} 23 0 12 -1 388 347

7 Guar gum (31 g/d) 16 + 6 0 NA NA

8 Mixture of WSDF (20 g/d) 59 0 12 -5 234 223

Current study Mixture of WSDF (15 g/d} 51 0 6 -7 235 219
DM = diobetes mellitus; NA = no information available; Tch = baseline meon plosma total cholesterot concentration; Tef = final mean plasma total cholesterol

concentration; WSDF = watersolubie dietary fiber.
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spectively.® In addition to the possibility that WSDF
has a diminishing cholesterol-lowering effect over
time, the investigators suggested that variations in the
daily fiber dose and/or diminished subject compliance
may have contributed to the attenuated response. In the
second study, guar gum administered at approximately
30 g/day to 16 men and women with non-insulin-
dependent diabetes mellitus elicited no effect on mean
serum total and LDL cholesterol concentrations after
6 months.” Measures were taken only at baseline and
after treatment, so it is not possible to determine
whether a cholesterol-lowering effect might have oc-
curred within the first 2 or 3 months. In addition, the
guar gum was fed in the form of a bar, presumably
taken all at once and not necessarily with meals. This
contrasts with other fiber studies in which significant
cholesterol lowering was observed and in which the
fiber was consumed with each meal. Consumption of
WSDF with meals may be important for cholesterol-
lowering efficacy. Although the mechanisms by which
WSDF lowers plasma cholesterol are unknown, one
proposed mechanism invoives binding of WSDF to
bile acids secreted in response to food intake, resulting
in increased fecal absorption of bile acids, which may
affect hepatic cholesterol synthesis,!®

Previousiy published long-term WSDF studies
have not examined cholesterol-lowering response by
gender. Post hoc analysis of mean plasma lipid and
lipoprotein responses to the WSDF treatments in this
study showed similar effects in men and women.
However, the sample sizes were small and reductions
were not consistent across all follow-up periods, so
these trends should be confirmed in larger studies.

Finally, men and women with moderately ele-
vated LDL cholesterol who go on the NCEP Step
One diet generally achieve a 5% to 10% reduction
in LDL cholesterol.”” Going from the NCEP Step
One to the Step Two diet usually produces a 3% to
7% reduction in LDL cholesterol.2021 Thys, the de-
crease in LDL cholesterol obtained with WSDF in
this study and in other studies testing WSDF in hy-
percholesterolemic men or women (Table IV} is of
the magnitude achieved when such persons go on a
reduced-fat diet as recommended by the NCEP.
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