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Abstract

Psyllium is a bulk-forming laxative and is high in both fiber and mucilage. The beneficial effect of dietary fiber in the management of type Il
diabetes, has not been totally demonstrated. The purpose of this study was to determine the plasma-lowering effects of 5.1 g b.i.d. of psylliur
husk fiber, as an adjunct to dietary and drug therapy on lipid and glucose levels, in patients with type Il diabetes. Patients were randomly
selected from an outpatient clinic of primary care to participate in a double-blind placebo-controlled study i®iwhigho ovata Forsk, or
placebo was given in combination with their anti-diabetic drugs. Forty-nine subjects were included in the study that were given diet counseling
before the study and then followed for 8 weeks in the treatment period. Fasting plasma glucose (FBS) was measured every 2 weeks, and to
plasma cholesterol (TC), LDL-cholesterol (LDL-C), HDL-cholesterol (HDL-C), triglyceride (TG), and insulin levels were measured every
4 weeks. Glycosylated hemoglobin (HbAlc) was also measured at the beginning and ending of the study. The test products (psyllium o
placebo) were supplied to subjects in identically labeled foil packets containing a 5.1 g dose of product, to consume two doses per day, hal
an hour before breakfast and dinner. Both products were well tolerated, with no serious adverse events related to treatment was reported
either. Better gastric tolerance to metformin was recorded in the psyllium group. FBS, and HbA1c, showed a significant reei@:0&i), (
whereas HDL-C increased significantpy< 0.05) following psyllium treatment. LDL/HDL ratio was significantly decreaged @.05). Our
results show that 5.1 g b.i.d. of psyllium for persons with type Il diabetes is safe, well tolerated, and improves glycemic control.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction Plantago psyllium can lower total cholesterol (TC), and
LDL-C (Anderson et al., 2000 Levels of HDL-C were
Psyllium seeds from th&lantago ovata Forsk., belong shown to increase by psyllium supplementati@s¢n et al.,
to the plantaginaceae family, contain 10-30% mucilage. 1997). The cholesterol-lowering effect of psyllium has been
Psyllium is a common ingredient in over-the-counter bulk reported in children@avidson et al., 1996 as well as in
laxative products leung and Foster, 1996 Numerous adults Florholmen et al., 1982 Psyllium supplementation
double-blind trials have found that supplementation with has also improved blood sugar levels in some people with
diabetes Florholmen et al., 1982; Rodriguez-Moran et al.,
* Corresponding author. Fax: +98 21 6465554. 1998; Anderson et al., 1999The soluble fiber component
E-mail address: saziai@gmail.com (S.A. Ziai). of psyllium is believed to account for this effect. The

0378-8741/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.jep.2005.06.042
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Tablel o o . FBS, total cholesterol and triglycerides more than 400, 300
Demographic characteristics of the patients in the groups studied and 500 mg/dI, respectively, were excluded from the study as
Parameter Psyllium(=21) Placebo{=15) p-Value well as HbAlc more than 13%.

Age (year) 51.9+ 2.2 53.6+ 2.1 0.586

BMI (kg/m?) 26.6+ 1.0 275+ 0.9 0.516 2.3. Interventions

Glibenclamide (mg/day) 8.6 1.3 9.8+ 1.8 0.597

Metformin (mg/day) 759 134 575+ 155 0.375

This study was double-blind, placebo-controlled, and par-
? Results are shown based on mea8.E. of mean for each group. allel. The study consisted of an 8-week treatment phase in

which subjects continued the diets and chemical drugs, but
beneficial effect of psyllium is dose relateféréti-Munari et \yere also randomly assigned to receive either 5.1 g psyllium
al., 1989 NeVertheleSS, the side effects of psylllum are also (psymum group) or microcrysta”ine cellulose p|acebo (Con-
dose related affecting the adheren€atlersal and Mansell,  tro| group) twice daily. Subjects were instructed to consume
1990; Nuttall, 1998 so, the benefits of a high-fiber diet the test product 20-30 min before the morning and evening
on reducing glucose levels are still controversitdt{ersal  meals, by stirring the content of one packet into 250 ml of
and Mansell, 1990; Nuttall, 199&nd has not been totally  water and drinking immediately. All patients completed a
studied or appropriately shown in type Il diabetes. Psyllium consent form, and all of these outpatients had been given diet
is nominated in Iran as ESFARZEH, and used mainly for its counselling and were visited regularly in diabetes care clinic
emollient effect. In Iranian folk mediCine, there is a report every 2 months at least for 1 year before the Study. A gues-
on its anti-diabetic effect. The objective of this study was to tjonnaire consisted of demographic, blood pressure, familial
determine the effects of 5.1 g b.i.d. Blantago ovata Forsk., history of disease; concurrent disease, cigarette smoking and
as an adjunct therapy, on fasting plasma glucose (FBS),drug therapy were completed at the screening time. All par-
glycosylated hemoglobin, cholesterol, and triglyceride ticipants were evaluated; blood pressure and weight were
levels, in patients with type Il diabetes. controlled and recorded in the screening period (at week 0)

and in the treatment period at weeks 2, 4, 6, and 8. Samples

of venous blood were taken for measurement of FBS, insulin,
2. Methods HbA1lc, TC, LDL-C, HDL-C, and triglyceride levels.

2.1. Trial organization 2.4. Test products and dosages

This was a 8-week, parallel group, double-blind, placebo  The active medication wasPlantago ovata Forsk.
controlled trial undertaken in an diabetes care clinic in the (Diamed®, Iran Darouk Co., Tehran), containing by weight

Shariati hospital during June 2003—April 2004. Overall coor- 5.1 g psyllium seed husk and inactive excipients that, in order
dination of the trial was from the Institute of Medicinal Plants, of descending amount, were CMC, citric acid, artificial fla-

Tehran. vor, aspartame, and coloring agents. The placebo test article
matched the active product except that it contained an inert
2.2. Participants bulk fiber purified from microcrystalline cellulose in place of

psyllium. The test products (psyllium or placebo) were sup-
A total of 57 patients, age 3570 years, whose diabetesplied to subjectsinidentically labelled foil packets containing

were controlled with diet only or diet plus glibenclamide a5.1gdose of product. Adherence to the dosing regimen was
or metformin and volunteered to participate in the study monitored by conducting interviews with the subjects on each
were admitted initially Table J). Forty-nine of them qual-  visit, by counting the number of returned unopened packages,
ified for random assignment to treatment. Patients were of psyllium or placebo, in each period of 2 weeks.
excluded from the study if they were receiving lipid-lowering
drugs, corticosteroids, other soluble fiber treatment, lithium, 2.5. Outcomes
carbamazepin, warfarin, digoxin or patients with clinically
significant renal, hepatic, gastrointestinal, pulmonary, and Parameters measured were body weight, blood pressure
thyroid disease. Individuals with a history of myocardial and fasting serum levels of glucose, HbAlc, insulin, and
infarction or major surgical procedures within the previ- lipid profile. FBS, HbAlc, TC, HDL-C, LDL-C, and triglyc-
ous 6 months, as well as, a history of allergy to aspartame erides levels were measured with commercial kits by Roche-
or psyllium seed, or phenylketonuria were also excluded. hitachi 717 clinical chemistry autoanalyzer (Roche Diagnos-
The trial was carried out in accordance with the Declara- tics, Germany). Serum insulin and TSH levels were measured
tion of Helsinki and subsequent revisions, and approved by by radioimmunoassay (Immunotech, France). All of the mea-
the ethics committee at the Endocrinology and Metabolism surements were done by Bahar clinical laboratory in Tehran.
Research Center of Tehran University of Medical Sci- FBS was determined at weeks 0, 2, 4, 6, and 8; TC, HDL-C
ences. The patient provided written informed consent for and LDL-C insulin, and triglycerides levels at weeks 0, 4,
participation. and 8; HbAlc at weeks 0 and 8.
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2.6. Safety evaluation 260-

—e— Psyllium
All adverse events, reported or observed were recorded at

each visit. Routine physical examination was conducted on
each clinical visit.

—o— Placebo

FBS (mg/dl)

2.7. Statistical analysis

A one-way repeated measures analysis of variance with a
two-tailed post hoc Tukey mean comparison test was under- 120

taken on the change in FBS, TC, LDL-C, HDL-C, TG, 100 . ‘ . . . ‘ . .
and insulin from baseline. To compare the change in FBS, o+ 2 3 4 5 6 7 &8 9
TC, LDL-C, HDL-C, TG, and insulin at week 8 in rela- Weeks

tion to week 0, a p.aIrEd two sided Studentiests, was Fig. 2. Mean £S.E.M.) of FBS levels in psyllium and placebo groups. FBS
used'_ Kruskal-Wallis test was employed to compare the decreased significantly in the psyllium group and in the weeks 6 and 8 the
baseline data and frequency of side effects between twogiterence between psyllium and placebo groups were significart0:05.
groups.
ning and end of the study, in psyllium and placebo group,
respectively.
3. Results

3.1. Glucose profile
From 57 patients admitted, 49 diabetic patients were

included in the study, 27 and 22 in psyllium and placebo  There were no significant differences between the two
group, respectively. Thirty-six of them completed the study groups at the baseline (week 0) on the FBS 1.617,
and 13 were dropout{g. 1). Demographic characteristics d.f.=34,p=0.115). Aone way repeated measures analysis of
for both groups, at the week 0 without statistical differences variance showed a significant change from week 6 onthe FBS
between them, were shownTable 1 There was no signifi-  (p<0.05). The changes at the end point compared to base-
cant difference between glibenclamid and metformin dosageline were (mean (SD))}-52.77 (52.33) and 31.36 (85.74) for
in two groups Table J). psyllium and placebo, respectivellyi§. 2andTable 2.
Counting their unopened psyllium or placebo foils, Insulin was not changed between and within the study
checked patients’ compliance. Patients did not modify the groups.
composition of their diets and drug regimen along the study.  Glycosylated hemoglobin measured, as HbAlc was sig-
Subjects in the treatment group completed the study, with nificantly different between the grougs< 0.05). It was sig-
excellent tolerance to psyllium. Gastric tolerance to met- nificantly decreased from 10.50.73)t0 8.9%+40.23) inthe
formin was recorded in the psyllium group. No significant psyllium group <0.001) and increased from 9.20.51)
changes were observed in the patient’s weight at the begin-to 10.5% @0.59) in the placebo group € 0.05) (Table 2.

57 Patients screened |

8 Excluded before or during run in

A

49 Randomized

27 Assigned to 22 Assigned to
Psyllium Placebo

6 Discontinued: 7 Discontinued:

5 lost to follow up ——— | 2 lost to follow up
1consent withdrawn 5 adverse effect

A

w
21 Completed trial 15 Completed trial

Fig. 1. Trial profile.
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Placebo

216.2+ 25.3
216.5+ 11.3
36.2+ 24
142.1+ 10.4
193.4+ 20.9
9.1+ 0.8
10.5+ 0.6
4.1+05

Week 8
Psyllium
161.6+ 10.7 207.5+ 19.8 155.6+ 9.5
216.2+ 8.3
429+ 2.0°
131.3+ 8.1
186.0+ 22.4
744 1.1

Placebo

Psyllium

Week 6

Placebo
193.6+ 10.9
204.4+ 9.7

40.24+ 2.5
119.24+ 9.7
239.3+ 25.3

8.9+ 0.8

Psyllium
39.84 1.9
108.3+ 6.8
8.0+ 0.7

194.1+ 13.4 169.3f 11.0
207.6+ 18.6

Week 4
193.9+ 7.2

Placebo

Week 2
Psyllium
178.4+ 12.7

179.1+ 10.8
224.3+ 15.4
48.9+ 3.9
131.8+ 11.6
219.0+ 17.0
8.3+ 1.2

Placebo

75+0.8
10.5+ 0.7
3.24+£0.2

207.2 8.5
40.2+ 2.1
217.6t 20.2

208.2t 12.7
126.0+ 8.2

Week ¢
Psyllium

Glucose and lipid profiles in the study groups

Total Cholesterol (mg/dl)

HDL-C (mg/dl)

LDL-C (mg/dl)
Triglycerides (mg/dl)

Insulin (wU/ml)

HbALc (%)

FBS (mg/dl)
LDL/HDL

Table 2
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Table 3
Study of side effects in psyllium and placebo group

Effect Psyllium Placebo p-Value

Flatulence 4 13 0.000
Diarrhoea 1 1 0.809
Constipation 1 1 0.809
Reduced flushing 11 0 0.002

89+ 0.7
3.2+ 0.3

3.2. Lipid profile

Total serum cholesterol levels, low-density lipoprotein
fraction, and triglycerides levels showed no significant
changes. The high-density lipoproteins decreased signifi-
cantly in the placebo group and increased non-significantly
in the psyllium group, but overall it was different in the week
8 between the study group$able 2. LDL/HDL ratio was
also significantly different in week 8.

3.3. Safety and tolerance

Adverse effects were recorded in each visit, which are
shown inTable 3 Flatulence was significantly high in the
placebo group. Psyllium group tolerated metformin better
than placebo and hot flushing was significantly abolished in
the psyllium group.

31+03

28+ 0.2

4. Discussion

High-fiber supplements, such as psylliuridrholmen et
al., 1982; Rodriguez-Moran et al., 1991ar gum (found in
beans) Landin et al., 199Ppectin (from fruit) Schwartz et
al., 1988 oat bran Hallfrisch et al., 1995 and glucoman-
nan Qoi et al., 1979; Vuksan et al., 20p@ave improved
glucose tolerance in some studies. Psyllium fiber as a meal
supplement reduces proximate and second meal postprandial
glucose and insulin concentrations in NIDDMgstors et al.,
1991). Plantago psyllium and acarbose, both significantly
reduce glycemic index of carbohydrate fogudti Munari et
al., 1999. Our results showed that 8 weeks treatment with
5.1g psyllium Qlantago ovata) two times daily half an hour
before breakfast and dinner, could reduce FBS, and con-
trol glucose fluctuations by reducing HbAlc significantly.
It also reduced TG non-significantly but had no effect on the
total cholesterol and LDL-C. HDL-C was reduced in placebo
group while itincreased in psyllium group, and overall HDL-
C changed significantly between two treatment groups. In
calculation, LDL/HDL ratio decreased significantly. In a
double-blind trial, men with diabetes type Il took 5.1 g of
psyllium (Plantago psyllium) twice daily for 8 weeks. HDL-C
increased significantly in the outpatients and glucose, HbAlc,
TC, LDL-C and TG didn't change any, but in metabolic
ward they showed significant improvement in glucose and
lipid profile compared to the placebo growjnderson et al.,
1999. In one study, 6 weeks treatment with 14 g/day psyl-
lium, glucose absorption significantly decreased, and HbAlc

9.1+ 0.5
28+ 0.2

p <0.05 significant difference between placebo and psyllium groups.

@ Results are shown based on meta8.E. of mean for each group.

*
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