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THE EFFECTS OF OLIGOFRUCTOSE AND
POLYDEXTROSE ON METABOLIC CONTROL
PARAMETERS IN TYPE-2 DIABETES

Betul Cicek!, Perihan Arslan?, Fahrettin Kelestimur?

ABSTRACT

Objective: This study investigated the effects of oligofructose and polydextrose on metabolic
control in Type-2 diabetes.

Methodology: Twenty voluntary, postmenopausal, total cholesterol (TC)/HDL-cholesterol
(HDL-C) ratios >4.5, female, Type-2 diabetes patients were included. The study was performed
in four periods, with the baseline as the period one. In periods two and four, the patients
consumed individual diabetic diets for eight weeks. In period three, they consumed 20g of
oligofructose and polydextrose mixture in 40g sweetener (in powdered form), added to their
diets for six weeks.

Results: Prebiotic soluble fiber sources (oligofructose and polydextrose) significantly decreased
fasting and postprandial (2-hour) blood glucose, glycosylated hemoglobin, TC, LDL-cholesterol
(LDL-C), TC/HDL-C and LDL-C/HDL-C ratios, triglyceride, VLDL-cholesterol, lipoprotein (a),
systolic and diastolic blood pressures (p<0.001), apolipoprotein B (p<0.05), and increased
HDL-C, insulin (p<0.05), and C-peptide levels (p>0.05) compared to the initial values,
respectively.

Conclusion: Individual diabetic diets supplemented with prebiotics improved metabolic control in
Type-2 diabetes.
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INTRODUCTION

Dietary intervention is one of the main thera-
pies proposed to patients with Type-2 diabe-
tes. The aim of the diet therapy is not only to
decrease body weight but also to exert specific
actions on the main abnormalities of Type-2
diabetes such as hyperglycemia, hyperlipi-
demia and insulin resistance. Dietary fibers of
natural or synthetic origin have gained in-
creasing attention because of their beneficial
effects on decreasing blood glucose and lipids.!
Inulin and oligofructose are called as
fructooligosaccharides and are natural food
ingredients commonly found in >36000 plant
species including wheat, onion, garlic,
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bananas, leek, asparagus, Jerusalem artichoke
and chicory. The unique aspect of their struc-
ture is its b (2—1) bonds which prevent them
being digested like a typical carbohydrate and
are responsible for their reduced caloric value
and dietary fiber effects.?” Inulin and
oligofructose are resistant to digestion in the
upper gastrointestinal tract, they reach the
large intestine intact, where they are fermented
by indigenous bacteria and exert bifidogenic
properties.>®

Polydextrose is a water soluble mixture of
glucose, sorbitol and citric acid (approximate
ratio 90:10:1). Because the 1-6 bond predomi-
nates in the polymer, polydextrose is resistant
to hydrolysis by amylase, not absorbed in the
intestine similarly with oligofructose and a
large portion is excreted in the feces. There-
fore, it is considered as a low-calorie bulking
agent as dietary fiber.”!’ In healthy Chinese
subjects, the glycemic index of polydextrose
was determined as 89 and ingestion of 12g/d
polydextrose improved bowel function,
increased fecal weight, decreased fecal pH."

Recent evidence has highlighted not only
plasma Total Cholesterol (TC) but also plasma
triglyceride (TG) as lipid risk factors for coro-
nary heart disease. This has generated a lot of
interest, since studies in rats have shown mark-
edly reduced fasting TC and TG concentrations
with diets containing significant amounts of
oligofructose.’** Fructooligosaccharides are
non-digestible carbohydrates which are fer-
mented by the gut microflora, in particular,
bifidobacteria and lactobacilli. Previous work
suggested that the mechanism of action of
oligofructose was associated with the modu-
lation of de novo cholesterol synthesis by short-
chain fatty acids produced by the gut microf-
lora during the fermentation process. Recent
evidence has suggested that the TG-lowering
effect of oligofructose occurs via reduction in
VLDL-TG secretion from the liver as a result
of the reduction in the activity of lipogenic en-
zymes and in the case of fatty acid synthase
via modification of lipogenic gene expression.'

In healthy subjects 20g/d fructooligosa-
ccharide consumption for 4 weeks decreased
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basal hepatic glucose production but had no
detectable effect on either Fasting Blood Glu-
cose (FBG) and lipids or insulin-stimulated glu-
cose metabolism.'® In patients with Type-2 dia-
betes, consumption of fructooligosaccharides
resulted in either unchanged,"'” or lowered FBG
and serum TC concentrations.'®

Thus, this study was performed to determine
whether consumption of oligofructose and
polydextrose could improve abnormal glucose,
lipid concentrations and blood pressure in post-
menopausal, female Type-2 diabetes patients.

METHODOLOGY

Subjects: The study was conducted at the Out-
patient Clinics of Endocrinology (Erciyes Uni-
versity) on twenty postmenopausal, TC/HDL-
C ratios >4.5, voluntary female patients with
Type-2 diabetes between March 2002 and June
2003. The mean ages were 54.0+2.3 years, Body
Mass Index (BMI) 32.2+2.9 kg/m? waist/hip
ratios 0.9+0.3 and duration of diabetes 5.5+2.2
years, respectively. The women spend nearly
1/3 of their lives in postmenopausal phase. The
morbidity and mortality risk of coronary heart
disease are less for women at reproductive
phase compared to men at the same age, but
in postmenopausal phase the risk dramatically
increases and the increment was reported to
be three-four fold in diabetic females.” There-
fore, we recruited postmenopausal Type-2 dia-
betes patients for this study. All subjects gave
written and verbal informed consent. This
study was approved by the Ethics Committee
of School of Medicine, University of Erciyes
(Approval date and no: 16.04.2002, 02/128)
and the procedures followed were in accor-
dance with Helsinki Declaration.

Experimental Design: This study was conducted
for 14 weeks, consisting of four periods,
baseline as the first period. In the second and
fourth periods, the patients were given indi-
vidual diabetic diets meeting all energy and
nutrient requirements for eight weeks. In the
third period, they consumed 20g of
oligofructose and polydextrose mixture in 40g
of sweetener added to their diets for six weeks.
The patients consumed oligofructose and



polydextrose mixture as sweetener in tea and
herbal tea. The sweetener containing
oligofructose and polydextrose was obtained
from the manufacturer (Dalya Dora Foreign
Trade, Istanbul, Turkey). The composition of
the sweetener (FibreCal) was shown in Table
1. All the patients continued taking their oral
antidiabetics during all periods of the study.

Anthropometric Measurements: Body height and
weight were measured using a calibrated scale.
Height was measured to the nearest 0.5 cm and
weight to the nearest 0.1 kg and BMI (kg/m?)
was calculated. Waist and hip circumferences
of subjects were measured twice to the nearest
0.5 cm and waist-to-hip ratios were calculated
with the mean was used for subsequent analy-
sis. Waist circumference was measured half
way between the xiphisternum and the
umblicus; hip circumference was measured at
the level of the greater trochanters. Two con-
secutive measurements of blood pressure were
taken on the right arm two-three minutes apart
with the subject being seated at least 10 min-
utes by the nurse. Systolic blood pressure was
tirst checked by palpation prior to the auscul-
tatory measurements. Systolic and diastolic
blood phase V pressures were recorded to the
nearest two mmHg. Normal mercury
sphigmomanometers (Boehringer-Mannheim,
Germany) were used with standard sized cuffs.
The average of the two blood pressures mea-
sured at 9.30 am and 15.30 pm was used for
subsequent analysis.

Table-I: The composition of the sweetener (FibreCal)

Ingredient /40 g of product
Polydextrose 13.2
Oligofructose 6.8

Poliols 10.8
Fructose 7

Sucrose + glucose 0.72*
Total carbohydrate 38.5
Energy (kcal) 80
Aspartame 0.04
Asesulphame-K 0.04

*unseperatable, trace amount of sugar found in
the natural structure of the product

The effects of prebiotics in NIDDM

Sample Collection: Venous blood samples were
collected after overnight fasting. Postprandial
Blood Glucose (PPBG) was measured at two
hours after breakfast. Blood samples were in-
cubated for one hour at room temperature and
sera were separated and stored at -20C until
assayed.

Biochemical Analysis: Serum FBG and PPBG lev-
els were determined by Mega Merck
autoanalyzer (Finland) with glucose oxidase
method. Serum TC, LDL-C, HDL-C, TG,
VLDL-C levels were determined by Beckman
Coulter, Syncron LX 20/LX20 pro, USA) with
enzymatic reactions in Department of Bio-
chemistry Laboratories. HbA,_levels were de-
termined using high performance liquid chro-
matography by Bio-Rad Variant (England)
commercial kits. Insulin and C-peptide analy-
sis were performed with BioSource (Belgium)
commercial kits by immunoradiometric assay
(IRMA) in Department of Nuclear Medicine
Laboratories. Apo B and Ip (a) analysis were
performed by immunochemical assays with
Sigma (Italy) commercial kits in Department
of Biochemistry Laboratories.

Statistical Analysis: Data were expressed as
meantstandard deviation (SD). Data were
analyzed by SPSS 9.0 (Chicago, Illinois, USA)
version for Windows. Repeated measures of
variance analysis were used for determination
of the difference between measurements prior
to oligofructose and polydextrose supplemen-
tation and at the end of the study. Student’s
t-test was used for dual comparison of the

Table-II: Demographic characteristics
of the patients (n=20)

Variable Meanzxstandard
deviation
Age (year) 54.0+2.3
Body weight (kg) 81.3+6.6
Height (cm) 159.3+5.7
BMI (kg/mv?) 32.242.9
Waist circumference (cm) 104.3+14.6
Hip circumference (cm) 117.5+15.6
Waist-to-hip ratio 0.9+0.3
Duration of diabetes (year) 5.5+2.2
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Table-III: The changes in the glucose control parameters*

Periods  FBG (mg/dl)* PPBG(mg/dl)* HbA, (%)* Insulin (microlU/ml)** C-peptide (ng/ml)***
1 173.3£18.9 179.0£14.3 7.5%1.2 7.3+3.9 2.0+1.6
2 165.5+15.4 173.5+14.5 7.3%£1.1 7.5+3.7 2.1+1.5
3 160.6£15.1 170.2+13 .4 71£1.1 7.5%3.7 2.0+1.5
4 165.5£12.7 173.3£12.3 6.9+1.1 7.613.7 2.1+1.7
For overall periods *: p<0.001 ~ **: p<0.05 ***: p>0.05

*Dual comparisons for; FBG and PPBG were significant for all periods except periods 2-4. HbA, were
significant for periods 1-2 (p<0.05), and other periods (p<0.001). Insulin were significant for periods 1-3

(p<0.05) and non-significant for the remaining. C-peptide were non-significant for all periods.

periods. The level of significance was set at 0.05
for overall statistical analyses.

RESULTS

The mean age, BMI and duration of diabetes
were 54.0+2.3 years, 32.2+2.9kg/m?> and
5.5+£2.2 years, respectively (Table-II).
Oligofructose and polydextrose caused signifi-
cant changes in the glucose control parameters
(Table-III), lipid control parameters (Table-IV)
and blood pressure (Table-V). Oligofructose
and polydextrose decreased FBG, PPBG and
HbA, _levels (p<0.001) and increased insulin
(p<0.05) and C-peptide levels (p>0.05). Also,
TC, LDL-C, TG, VLDL-C, Ip (a) levels, dias-
tolic and systolic blood pressures, TC/HDL-C
and LDL-C/HDL-C ratios (p<0.001) and apo
B (p<0.05) significantly decreased and HDL-C
significantly increased (p<0.05). Oligofructose
and polydextrose consumption also signifi-
cantly decreased the body weight and BMI of
the patients (p<0.001).

It is known that polydextrose above 15g of
intake may cause abdominal distention,
abdominal cramps, diarrhea.® In our study,
although the consumed amount was close to
15¢ (13.2g/d) no gastrointestinal discomfort
was reported by the patients. On the contrary,
because of the self-reported chronic constipa-
tion problem, the patients reported ease of def-
ecation by the consumption of oligofructose
and polydextrose mixture.

DISCUSSION

To the best of our knowledge, this was the
only study evaluating the effects of
oligofructose and polydextrose together as a
supplement in Type-2 diabetes patients with
parameters regarding glucose and lipid me-
tabolism and also blood pressure. In the litera-
ture the effects of oligofructose"*'® was more
focused on than polydextrose.'* So we specu-
late that the synergy between two prebiotic
soluble fiber sources may improved glucose

Table-IV: The changes in the lipid control parameters*

Periods TC LDL-C HDL-C TG VLDL-C TC/HDL-C LDL-C/ Apo B Ip (a)
(mg/dl)* (mg/dl)* (mg/d)**  (mg/dl)* (mg/dl)*  ratio* HrEt?OS (mg/dl)*  (mg/dl)*
1 217.7#37.5 142.2432.3 39.3£5.0 180.9+65.9 36.2413.2 5.6%1.2 3.7£1.0 82.6+6.6 19.3+4.0
2 214.0£437.2  139.6£31.9 39.0+4.9 177.8£65.1 35.6+13.0 5.5t1.0 3.610.9 81.747.0 19.243.9
3 207.54£36.2 132.8430.3 40.2+4.9 172.7+61.4 34.5+12.3 5.2+0.9 3.310.8 80.5£6.8  18.9£3.9
4 203.7£36.1  129.44£30.2 40.5+4.9 169.3+61.4 33.9£12.3 5.1£0.9 3.6£0.8 79.846.7 18.8£3.9
For overall periods, *p<0.001 **p<0.05

*Dual comparisons for; TC, TG, VLDL and apo B were significant for all periods

LDL, Ip (a) were significant for periods 1-2 (p<0.05), significant for the remaining periods (p<0.001)
TC/HDL ratio were non-significant for periods 1-2, significant for the remaining periods (p<0.001)
LDL/HDL ratio were non-significant for periods 0-1, 0-3, and 1-3; significant for the remaining periods (p<0.001)
Abbreviations: TC: total cholesterol, LDL-C: LDL-cholesterol, TG: triglyceride, VLDL-C: VLDL-cholesterol, TC/
HDL-C: total cholesterol/HDL-cholesterol, Apo B: apolipoprotein B, Ip (a): lipoprotein (a)
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Table-V: The changes in blood pressure*

Periods Systolic blood Diastolic blood
pressure (mmHg)* pressure (mmHg)*
1 166.5£15.6 110.0+£17.2
2 162.0£13.9 105.5+15.7
3 154.0£13.1 100.0+£13.4
4 157.5+¢11.2 105.0£10.9

For overall periods *: p<0.001

*Dual comparisons for; systolic blood pressure
were significant for all periods diastolic blood pres-
sure were significant for periods 1-2, 1-3, and 3-4
(p<0.001); periods 1-4, and 2-3 (p<0.05), and non-
significant for periods 2-4 (p>0.05)

and lipid metabolism and blood pressure in
Type-2 diabetes patients apart from the stud-
ies reporting no significant effects.

In this study, consumption of 20g
oligofructose and polydextrose mixture for 6
weeks reduced body weight and BMI signifi-
cantly (p<0.001). Few studies have compared
different fiber types and their association with
body weight. In a longitudinal study, fiber in-
take was inversely associated with BML* On
the other hand, the addition of dietary fiber to
alow calorie diet significantly improved weight
loss.?? When postmenopausal women con-
sumed high fiber diets as a part of a study of
very-low fat diets and weight loss, the high fi-
ber diets were associated with significant
weight loss.”

Recent studies have shown the effects of
serum TG to be due to reduced secretion of
VLDL particles from the liver and to be associ-
ated with reduced activiy and gene expression
of the key regulatory enzyme, fatty acid syn-
thase.” Dramatic reductions in serum TG have
been reported in rats consuming relatively high
doses of oligofructose although reductions in
cholesterol have been seen only with long-term
feeding.

In the previous studies investigating the
effects of chronic consumption of
fructooligosaccharides on plasma glucose and
lipid concentrations gave divergent results in

The effects of prebiotics in NIDDM

Type-2 diabetes patients."'”'® Alles et al.'”
found no major effects on glucose and lipids
with consumption of 15g fructooligosac-
charides for 20 days in Type-2 diabetes patients.
Similarly, Luo et al.! found no modifications
in FBG and insulin concentrations or basal he-
patic glucose production in Type-2 diabetes
patients who were administered 20g/d
fructooligosaccharides for four weeks. Incon-
sistent with these findings, Yamashita et al.'®
demonstrated that daily intake of 8 g
fructooligosaccharides for 14 days caused a
significant decreases in FBG and serum TC lev-
els in Type-2 diabetes patients. Furthermore it
has been shown that the decreases in TC lev-
els are mainly due to the reduction in LDL-C
levels. Similarly, in the present study we de-
tected significant decreases in FBG, PPBG and
HbA,_ (p<0.001) while insulin (p<0.05) and C-
peptide levels increased (p>0.05) in Type-2 dia-
betes patients who consumed 20 g
oligofructose and polydextrose for six weeks.
Lipid abnormalities associated with diabetes
are very important, because of the vulnerabil-
ity of these patients to coronary heart diseases.
Treatment of diabetes by low energy diets, oral
hypoglycemic agents and insulin therapy
frequently is not sufficient for perfect control
of lipid metabolism. Several biological and epi-
demiologic studies have implicated lipid dis-
orders and diabetes in the etiology of athero-
sclerosis and cardiovascular diseases.'**?¢ In
diabetic patients plasma lipid control was im-
proved by diets rich in fibers.'*#? In this study
TC, LDL-C, TG, VLDL-C, apolipoprotein B, li-
poprotein (a) levels, diastolic and systolic blood
pressures, TC/HDL-C and LDL-C/HDL-C
ratios decreased, while HDL-C levels
increased.

In conclusion; individual diabetic diets
supplemented with prebiotic soluble fiber
sources (oligofructose and polydextrose) may
improve glycemic and lipidemic parameters of
metabolic control as well as hypertension in
Type-2 diabetes patients, without any side ef-
fects. Further multi-center studies with a large
sample size are needed to elucidate the exact
mechanism.
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