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Fifty-one healthy, moderately hypercholesterolemic men concentrations, respectively, after 8 weeks, which were
and women consuming their usual fat-modified diets sustained at 16 and 24 weeks. Mean plasma high-den-
completed a 6-month, randomized, double-blind, plo- sity lipoprotein cholesterol and triglyceride concentra-
cebo-controlled, parallel comparison of 15 g/day sup- tions were unchanged. No significant changes in mean
plemental water-soluble dietary fiber (WSDF; a mixture plasma lipid or lipoprotein concentrations were ob-
of psyllium, pectin, guar gum, and locust bean gum) and served in the control group. These data demonstrate that
an inactive WSDF control (acacia gum). Compliance with a WSDF approach to cholesterol management is effec-
the treatments was >95%, adverse effects were mini- five as an adjunct to a fot-modified diet in healthy,
mal, and body weights remained constant. The WSDF moderately hypercholesterolemic men and women.
mixture yielded 6.4% and 10.5% reductions in mean © 1997 by Excerpta Medica, Inc.
plasma total and low-density lipoprotein cholesterol (Am J Cardiol 1997;79:34-37)

A variety of water-soluble dietary fibers (WSDF) tions and had no history or evidence on medical ex-
A consumed at levels in the range of approxi- amination of any disease that might influence lipo-
mately 5 to 30 g/day have been shown to signifi- protein metabolism (gastrointestinal, thyroid, cancer,
cantly lower plasma cholesterol concentrations in the and so forth). Persons were eligible who were re-
short term.' In fact, we previously demonstrated in ceiving antihypertensive medications (blood pres-
healthy hypercholesterolemic men and women, sta- sure stable at < 160/95 mm Hg), oral contraceptives,
bilized on a fat-modified diet, that the addition of 15 or estrogen replacement therapy if they had been on
g/day of WSDF from a mixture of psyllium, pectin, a stable dose for at least 6 months and had no plans
guar gum, and locust bean gum significantly lowered to change.
plasma cholesterol levels in a dose-dependent man- Before the study, all subjects were stabilized on
ner over a 4-week period.' Fewer studies have ex- self-selected, low-fat and low-cholesterol diets com-
amined cholesterol lowering over a period of Ž6 parable to the National Cholesterol Education Pro-
months 2/8 and there is some question of whether the gram (NCEP) Step One diet'0 and were not taking
cholesterol-lowering effects are sustained over dietary fiber supplements of any kind. The study was
time.6'9 Consequently, this placebo-controlled study approved by Stanford University's committee on the
was designed to assess the cholesterol-lowering ef- use of human subjects in medical research, and writ-
fects of WSDF administered to healthy hypercholes- ten informed consent was obtained from each subject
terolemic men and women over a period of 6 months. after the study protocol had been explained.

Design: The study was a 24-week, randomized,
METHODS double-blind, placebo-controlled, parallel design

Subjects: The study was open to male and female with 58 subjects. Subjects were randomized to treat-
volunteers, 25 to 65 years of age, with plasma total ment or placebo groups after all baseline data were
cholesterol concentrations in the range of 200 to 260 collected, and were instructed to maintain their typ-
mg/dl, plasma triglycerides <350 mg/dl, fasting ical eating, physical activity, and medication patterns
blood glucose < 120 mg/dl, and body weights during the study.
<130% of ideal body weight according to the 1959 Treatments: The WSDF treatment consisted of a
Metropolitan Life Insurance Tables. Subjects were mixture of psyllium (2.1 g WSDF/serving), pectin
eligible if they were free of lipid-lowering medica- (1.3 g WSDF/serving), guar gum (1.1 g WSDF/serv-

ing), and locust bean gum (0.5 g WSDF/serving) pre-
From the Deportment of Heo ath Sciences, Shoklee Corporation (a di- pared as a powder in a carbohydrate base (approxi-
vision of Yamanouch, Pharmaceutical Co., [tdj1, San Francisco; and mtl 5go rcoesrig o aaaiiy h
Stanford University Schoo of Medicine, Center for Research in Dis- mately 15 g of fructose/serving) f abit
ease Prevention, Stanford, Co ifornia This study was supported by a control mixture consisted of acacia gum (5.0 g
grant from Shaklee Corporation, a division of Yamonouchi Phorma WSDF/serving) prepared as a powder in the same
ceuticol Co., San Francisco, California. Manuscript received May fructose base. We have previously demonstrated that
13, 1996; revised manuscript received and accepted July 10, acacia gum, despite its WSDF classification, has no
1996.

Address for reprints Christopher D. Jensen, MS, RD, Director of significant impact on mean plasma lipid and lipopro-
Health Sciences, Shakiee Corporation, 444 Market Street T-3 8, tein concentration.'- Subjects were instructed to
San Francisco, California 9411 1 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 TABLE I Baseline Characteristics of Subjects Who Completed
provided 5 g of WSDF/serving for a total of 15 udy
g/day . WSDF

Measurements: All subjects completed a screening Parameter Mixture Control
medical history, including medications, and if their Male/Female ratio 14/10 13/14
plasma total cholesterol and triglyceride concentra- Age (yr) 50.0 ± 9.5 54.0 8.1
tions were not known, a screening lipid panel was Body height (m) 1.62 ± 0.13 1.66 0.17Body weight (kg) 73 8 ± 14A.4 74.5 ±17.6
performed. Eligible subjects underwent a cardiovas- Body mass index (kg/mr) 25.8 ± 3.5 25.7 ± 6.17
cular-oriented physical examination, with measure- Fasting blood glucose (mg/dl) 102.5 ± 12.5 103.4 + 13.6
ment of blood pressure and body height and weight. Values are givn as mean - SD.
Venous blood samples were obtained after a 12- to WSDF = wtsublediety iber.
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 subject diaries, adherence to the treatments was
and used as the baseline for each subject. Fasting 96.4% in the control group and 98.2% in the treat-
blood samples were obtained by venipuncture. ment group. Adherence was calculated as a percent-
Plasma lipid and lipoprotein concentrations were age by dividing the number of servings consumed
measured in the Stanford University Lipid Research by the number of servings prescribed and then mul-
Laboratory. Laboratory methods were those of the tiplying by 100. No major adverse effects were
Lipid Research Clinics and were standardized noted. Adverse effects reported were generally re-
through the Centers for Disease Control and Preven- lated to minor and transient gastrointestinal discom-
tion lipoprotein standardization program.'' Total fort such as gas, bloating, and loose stools at the
cholesterol and triglyceride concentrations were beginning of the study.
measured with enzymatic techniques,' 3 '4 and high- Diets and body weights: Analysis of the food-fre-
density lipoprotein (HDL) cholesterol concentrations quency questionnaires indicated similarity at base-
were determined on the remaining plasma after pre- line between groups in consumption of calories, per-
cipitation of very low density lipoprotein (VLDL) centage of calories from fat and saturated fat,
cholesterol and low-density lipoprotein (LDL) cho- cholesterol, and dietary fiber (Table II). There was
lesterol with dextran sulfate.'5 LDL cholesterol was also consistency of intake relative to baseline
determined by the calculation method of Friedewald throughout the treatment period for both groups. No
et al.' 6 significant differences in mean body weights were

Adherence to treatments and adverse effects were noted at baseline and between or within treatment
monitored using diaries that were completed daily groups during the treatment period (Table III).
and returned every 2 weeks for review by the project Plasma lipid and lipoprotein concentrations: There
staff. At 8, 16, and 24 weeks, subjects completed a were no differences between groups at baseline for
follow-up medical history and examination, and fast- any of the plasma lipid and lipoprotein measures
ing blood samples were obtained for measurement (Table III). Changes in mean plasma lipids and li-
of plasma lipid and lipoprotein concentrations. In ad- poproteins were not significant from baseline to each
dition, at baseline and 8 and 24 weeks, each subject of the follow-up periods for the control group (Table
completed a self-administered, computer-scannable III). For the treatment group, the mean plasma total
food-frequency questionnaire.' Questionnaires were cholesterol concentration declined significantly by
reviewed by the study dietitian and then sent to the week 8 (-6.4%, -15 mg/dl), and this reduction was
Fred Hutchison Cancer Research Center (Seattle, sustained throughout the 24-week study. The decline
Washington) for analysis. was largely due to a reduction in the mean plasma

Data analysis: Two-sample t tests were used to de- LDL cholesterol concentration, which was apparent
termine whether differences between groups at base- at week 8 (-10.5%, -16 mg/dl) and was also sus-
line were significant. Significance was set up at p tained throughout the study period. Mean plasma
<0.05. The changes in variables between baseline HDL cholesterol and triglyceride concentrations did
and 16 and 24 weeks were tested for significance not change significantly over the course of the study.
using analysis of variance. However, triglycerides were quite variable and

tended to be higher over the course of study in the
RESULTS treatment group.

Adherence and adverse effects: Of the 58 subjects A post hoc analysis of response to the treatments
(31 men, 27 women) who began the study, 51 com- by gender was performed. Sample sizes were rela-
pleted the entire 24-week protocol (Table I). There tively small in each group, and there was significant
were 2 dropouts from the control group (I man and between-visit variability in plasma lipid and lipopro-
I woman, both because of scheduling conflicts) and tein measures. Nonetheless, no significant changes
5 dropouts from the treatment group (3 men and 2 from baseline were observed for men or women in
women, 3 because of dislike of the WSDF treatment, the control group, and the maximum cholesterol-
I for medical reasons unrelated to the study protocol, lowering effects of the WSDF treatment were similar
and I because of scheduling conflicts). According to for men and women. The maximum reductions in
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DISCUSSION
TABLE 11 Reported Daily Intake of Selected Nutrients at Baseline and at Follow-Up Compliance with the WSDF

_t 8 and 24 Weeks supplementation protocol was ex-
Calories Saturated Fat Cholesterol cellent (>95%), and adverse effects

Time lkcal) Fat 1%)* (%f (mg), Fiber (91 were minimal according to subject
Water Soluble Dietary Fiber mixture diaries. These results suggest that

Baseline 1,842 ± 627 31.6 ± 12.7 11.4 ± 6.2 209 146 14.5 - 9.3 WSDF supplementation is feasible
8 wk 1, 748 ± 586 30.3 ± 13.4 12.0 ± 5.7 248 ± 163 15.4 - 10.1 as an adjunct to managing hyper-
24wk 1,827± 613 29.9 ± 14.2 10.9 6.0 197 151 15.0± 10.3 cholesterolemia in otherwise

healthy subjects.
Control group The food-frequency data indi-

Baseline 1,902 ± 708 33.2 + 14.8 11,7 ± 6.8 227 164 16.1 11.3 cated that the subjects were con-
8 wk 1,878 ± 742 34.0 ± 15. 12.3 ± 5.3 216 132 16.8 ± 12.9 suming a fat-modified, NCEP Step
24wk 1,840± 696 31.3±14.3 11.8 ± 5.8 241 176 15.8 ± 119 One-type diet, and that regular in-

5Percentage of calries fr.n total fot take of WSDF in beverage form did
tPe0nm e of caoies o turoed fat not significantly alter their usual di-
'Choleserol imke per day. etary patterns or lead to significant

V fluesr iven os mean d . changes in body weight for the
.i",, SD. groups overall. Because exercise

patterns and medications were also
held constant, it is reasonable to as-

TABLE Ill Effects of Treatments on Mean Plasma Lipid and Lipoprotein cribe changes in plasma lipopro-
Concentrations and Body Weigts teins to the added WSDF mixture.

Total C HDLC Body Weight The 6:4% and 10.5% reductions
Time (mg/dl) LDL C {mg/dl) (mg/dl) TG (mg/dl) (kg) from baseline in mean plasma total

Water Soluble Dietary Fiber mixture and LDL cholesterol concentrations
Baseline 235 - 19 152 ± 22 54 t 15 142 ± 64 73.8 ± 14.4 observed in the treatment group af-
8 wk 220± ]3*t. 136 ± 20' 51 ± 15 200±207 73.8 13.9 ter S weeks are within a range typ-
16 wk 220 - 19- 142± 21 5 52 ± 17 153 ± 108 73.4 ± 13.6 ical of various WSDF preparations
24 wk 219 ± 26" 137± 25't 51 14 166 86 72.8 ± 13.5 fed in the short term.' The fact that

these reductions were sustained
Control group over the 6-month study period

Baseline 232 - 22 144±23 60 ± 21 137 ± 70 745± 17.7 (-6.8% and -9.9%, respectively) is
8 wk 235 - 28 142 + 27 63 ± 22 149 - 118 74.7 ± 17.5 consistent with studies that have ex-
16 wk 234 - 22 145 27 62 ± 22 133 ± 85 75.0 17.8 amined WSDF supplementation for
24 wk 242 - 31 152 ± 31 62 ± 20 140 - 70 74.8 ± 17.6 Ž6 months in diabetics,2' 5 hyper-

'Withinop changes om baselne ar significnt at p < 0.05. cholesterolemic adults,"' and chil-
t wenlroup chnesrm bseline are significont at p < 05. dren' (Table IV).
Vaue ar givenxml asL mih-ean ± pSD. t~fodmtyfmitm T ~ y-d There are 2 published long-term

studies that suggest a diminishing ef-
fect over time, or no effect of WSDF

mean plasma total cholesterol concentrations for on plasma total cholesterol concentrations (Table IV).
men were seen at24 weeks (-7.7%, -18 mg/dl) and Guar gum administered at 15 to 30 g/day to severely
for women at 16 weeks (-8.9%, -21 mgldl). Max- hypercholesterolemic men and women produced an
imum reductions in mean plasma LDL cholesterol 18% reduction in mean plasma total cholesterol after
concentrations for men were seen at 8 weeks 8 weeks, but the effect was attenuated thereafter. At
(-14.9%, -23 mg/dl) and for women at 16 weeks 14, 18, 30, and 50 weeks, the reductions were approx-
(-12.2%, -18 mg/ld). imately 15%, 14%, 9%, and 11% below baseline, re-

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

Reference WSDF Source and Dose Subjects DM Duration mo) Change (`x) Tcb Img/dl) Tcf lmg/dl

2 Guargumn(14-269/d) 8 + 6 8 193 178
3 Guorgum(Il2g/d 1I3 0 12 -13 302 263
4 Psyllium (5-109/d) 36 0 8 -17 249 207
5 Food fiber (>40 g/d) 6 + 15 -9 200 1 83
6 Guorgum(15-309/d) 23 0 12 -11 388 347
7 Guar gum (31 g/d) 16 + 6 0 NA NA
8 Mixture of WSDF (20 g/d) 59 0 1 2 -5 234 223
Current study Mixture of WSDF 15 g/d) 51 0 6 -7 235 219

DM = diabetes mellitus; NA = no infomamtion available; Tcb = baseline neon plasma tol cholesterol concentraion; Tcf = final mean plasma tota1 cholesterol
concentraon; WVSDF = aterIsolubie dietay fiber.
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spectively. 6 In addition to the possibility that WSDF 1. H.askell WL, Spiller GA, Jensen CD, Ellis BK, Gates JE. Role of water-has a diminishing cholesterol-lowering effect over soluble dietary fiber in the management of elevated plasma cholesterol in
has a dimin shing chol stero-loweing e fect over healthy subjects. A m]J Cordial 1992;69:433-439.time, the investigators suggested that variations in the 2

.Jerkin SDJAWOceV TMS TYo I rRH9R9ynOS4D3NihamRHckddaily fiber dose and/or diminished subject compliance TD, Diabetic glucose controls, lipids, and mtrce elements on long-tent guar.may have contributed to the attenuated response. In the 3. Simens LA. Gayst 5, Balasubramanat 5, Ruys J. Long-term treatment ofsecond study, guar gum administered at approximately hypercholesterolemida witl, a new palatable formulation of guar gum. Atlhero-30 g/day to 16 men and women with non-insulin- sclerosis 1982;45:101-108.
4. elasstan M, Spark A, Berpin p, Schwvartz t, Me dow M. Newman L.

dependent diabetes mellitus elicited no effect on mean Treatment of type Ila hyperlipidemia in childhood by a simplified Americanserum total and LDL cholesterol concentrations after Heart Association diet and fiber supplementation. An J Dis Child6 months.' Measures were taken only at baseline and 1990; 144 973-976.5. Anderson JW. Ward K. Long-term effects of high carbohydrate, high fiberafter treatment, so it is not possible to determine diets on glucose and lipid metabolism: a preliminary report on patients withwhether a cholesterol-lowering effect might have oc- diabetes. Diabetes Care 1978;1:77-82.curred within the first 2 or 3 months. In addition, the 6. Tuomitehto J, Silvasti M, Aro A, Kostineo A, Kantunen P. GCef GC, Ehn-holmn C. Uiusitupa M. Long-termt treatment of severe hYpercholestrolemia withguar gum was fed in the form of a bar, presumably gur gum. Atherosclerosis 1988;72:157-162taken all at once and not necessarily with meals. This 7. Behall KM. Effect of soluble fiber on plasma lipids, glucose tolerance andcontrasts with other fiber studies in which significant mineral balance. Aut Evp Med Bior 1990;270:7- 16.8. H unninghake DB, Miller VT, LaRosa JC, Kinosian B, Jacobson T, Brown
cholesterol lowering was observed and in which the V, Howard WI. Edelman DA, O'Connor RR. Long-tent treatment of hyper-fiber was consumed with each meal. Consumption of cholesteolemia with dietary fiber. AmJ Med 1994;95:504-508.WSDF with meals may be important for cholesterol- 9. Superko RH, Haskell WL, Sawrey-Kubicek L, FasquhaiJW. Effects of solidand liquid gumr gum on plasma cholesterol and triglyceride concentrations, inlowering efficacy. Although the mechanisms by which moderate hypercholesterole dia Am J Cordiol 198862:51-55WSDF lowers plasma cholesterol are unknown, one 10. The Report of the National Cholesterol Education Program Expert Panelproposed mechanism involves binding of \VSDF to on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults.proposed echanism involves inding o WSDF to Arch Inten Med 1988;148:36-69~bile acids secreted in response to food intake, resulting I 1. Jensen CD, Spiller GA, Gates IE, Miller AF, Whittam ill. The effect ofin increased fecal absorption of bile acids, which may acacia gum and a water-soluble dietary fiber mixture on blood lipids in humans.J A. Call Nun, 1993:12:147.-154.affect hepatic cholesterol synthesis." 12. National Heart, Lung and Blood Institute, Lipid Research Clinics Program,Previously published long-term WSDF studies Hainline A Jr, Kaon J, Lippel K, edst Manual of Laboratory Operaions: Lipidhave not examined cholesterol-lowering response by and Lipoprotein Analysis, 2nd ed. Washington, DC: Government Printing Of-fice, 1982, (DHEW publication no. (NIH) 75-628 [revised].)gender. Post hoc analysis of mean plasma lipid and 13. Allain CC, Poan LS. Cham CS, Richmond W, Eu PC. Enz)ymatic determilipoprotein responses to the WSDF treatments in this nation of total senrm cholesterol. Clo Chem 1974;20:470-475.study showed similar effects in men and women. 14. Sampson El, Demers LM, Krieg AFR Faster enzymatic procedure for scramtriglycerides. Clin Cher i975;21: 1983-1985.However, the sample sizes were small and reductions 15. Wanick R, Benderson 1, Abers J. Dextroan sulfate-Mg 2

precipitationwere not consistent across all follow-up periods, So procedure for qu.ntitation of high-density lipoprotein cholesterol, Cli Chethese trends should be confirmed in larger studies. 1982;28:1379-1388.16. Friedewald WT, Levy RI, Fredrickson DS. Estimnation of the concentratioFinally, men and women with moderately ele- of iow-density ipoprotein cholesterol in plasma, without use of the pceparativevated LDL cholesterol who go on the NCEP Step ulthacentrifuge. Clin Chen 1972:18:499-509.One diet generally achieve a 5% to 10% reduction I ShatmekAL, William AE Ftd FrquenyQuesior rOne diet enerally chieve a % to 10% eduction Diet Intervention Research: 17th National Nutrient Databank Conference Pro-in LDL cholesterol.t Going from the NCEP Step ceedings. June 1-20' 1992:1 10-125.One to the Step Two diet usually produces a 3% to 18. Anderson JW. Dietary fiber, lipids and therosclerosis. Am J Cardiol7% reduction in LDL cholesterol.20,21 Thus, the de- 19. Hunmnighake onB. Stei EA, Dujovne CA, Harris WS, Feldman EB. Millercrease in LDL cholesterol obtained with WSDF in VT, Tobert JA, Laskarzewski PM. Quiter E, Held J, Taylor AM, Hopper S.this study and in other studies testing WSDF in hy- Leonard SB, Brewer BK, The efficacy of intensive dietary therapy alone orcombined with lovastatin in outpatients with hyperholesterolema. N Eogt Jpercholesterolemic men or women (Table IV) is of Med 1
99

3;328:1213-1t219the magnitude achieved when such persons go on a 20. National Cholesterol Education Program. Summary of the Second Reportreduced-fat diet as recommended by the NCEP.20
of the Expert Panel on Detection, Evaluation, and Treatment of High BloodCholesterol in Adults (Adult Treatment Panel ii). NIH publication no. 93-3095,
September 1993 (and JAMA 1993;269:3015-3023).
21. Schaefer EJ, Lichsenstein AH, Lanson-Fava 5. Canotos JH. Li Z, Rasmuss.enAcknowledgment We wish to thank Brenda Ellis, H, McNamara, JR, Ordvas IJM. Efficacy of .National Cholesterl EducationJoy Knapp, and Dr. Gene Spiller for their contribu- Program Step 2 Diet in nonmolipidemic and hypercholesterolemic middle-agedand elderly men and women. Aterioscer Thlromh Vsc Biol 1995;15:1079-tions to the study. lIER.
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