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Consumption of fructooligosaccharides does not favorably affect
blood glucose and serum lipid concentrations in patients with type 2
diabetes!

Martine S Alles, Nicole M de Roos, J Carel Bakx, Eloy van de Lisdonk, Peter L Zock, and Joseph GAJ Hautvast

ABSTRACT ucts of carbohydrate fermentation are gases, lactate, and short-
Background: Fructooligosaccharides have been claimed tochain fatty acids, such as acetate, propionate, and butyrate. Fer-
lower fasting glycemia and serum total cholesterol concentramentation of fructooligosaccharides probably takes place in the
tions, possibly via effects of short-chain fatty acids producedproximal colon, leading to a rapid increase in breath hydrogen
during fermentation. after consumption (3-5). The short-chain fatty acids that are prog
Objective: We studied the effects of fructooligosaccharides onduced during fermentation are thought to be readily absorbed b§
blood glucose, serum lipids, and serum acetate in 20 patientie colonic mucosa (6-8). It is known that butyrate serves as fuek
with type 2 diabetes. for the mucosa, whereas acetate and propionate enter the porkﬁ@l
Design:In a randomized, single-blind, crossover design, patientdblood and may influence systemic carbohydrate and lipid metab=
consumed either glucose as a placebo (4 g/d) or fructooligosaclism (7). Because acetate and propionate have dissimilar effec%
charides (15 g/d) for 20 d each. Average daily intakes of energyn glucose (9-14) and serum lipids (12, 15-17), the pattern of
macronutrients, and dietary fiber were similar with both treat-fermentation of fructooligosaccharides might be important when3
ments. predicting their metabolic effects. 2
Results: Compliance, expressed as the proportion of supple- Yamashita et al (18) studied the systemic effects of adding 8 &:
ments not returned, was near 100% during both treatments$tuctooligosaccharides to the daily diet of patients with type 22
Fructooligosaccharides did not significantly affect fasting con-diabetes whose blood glucose and serum lipid concentrations
centrations (mmol/L) of serum total cholesterol (95%-€0.07,  were uncontrolled. They found an 8% decrease in fasting bloo&
0.48), HDL cholesterol{0.04, 0.04), LDL cholesterol<0.06, glucose concentrations, a 6% decrease in total cholesterol, andga
0.34), serum triacylglycerols—0.21, 0.44), serum free fatty 10% decrease in LDL cholesterol. Several experiments in rat&
acids (-0.08, 0.04), serum acetate Q.01, 0.01), or blood glu- have been conducted since, all showing that fructooligosacchas
cose (-0.37, 0.40). rides lower serum triacylglycerol and total, LDL, and VLDL cho- §
Conclusions:We conclude that 20 d of dietary supplementationlesterol (17, 19-21). Two recent intervention studies were done iR
with fructooligosaccharides had no major effect on blood glu-healthy humans. A study by Luo et al (22) showed that chronic:
cose, serum lipids, or serum acetate in patients with type 2 dia&consumption of 20 g fructooligosaccharides/d increased bas&R
betes. This lack of effect was not due to changes in dietarjiepatic glucose production but had no effect on insulin-stimu->
intake, insufficient statistical power, or noncompliance of thelated glucose metabolism or serum lipids. Pedersen et al (23)
patients.  Am J Clin Nutr1999;69:64-9. studied the effect of inulin on blood lipids and did not find any
changes in either total cholesterol, HDL cholesterol, LDL choles-
KEY WORDS Fructooligosaccharides, serum cholesterol, terol, or triacylglycerol. Thus, the effects of fructooligosaccha-
serum triacylglycerol, serum acetate, blood glucose, type 2 diaides on blood glucose and serum lipids are not clear.
betes, Netherlands, adults, humans In the present study, we investigated in 20 patients with type
2 diabetes the effects of fructooligosaccharides on serum acetate

GRIN

INTRODUCTION

Fructooligosaccharides are nondigestible oligosaccharide *From the Division of Human Nutrition and Epidemiology, Wageningen
that occur naturally in various edible food plants, such as onionAgricultural University, Netherlands, and the Department of General Practice
and leeks (1, 2). The recent use of fructooligosaccharides as a”‘i Social Medicine, University of Nijmegen, Netherlands.
food ingredient has triggered much research on their possibl Supported by the Netherlands Ministry of Agriculture, Nature Manage-

health ffect B fructooli harid ment and Fishery; the Dutch Dairy Foundation on Nutrition and Health;
ea efiects. ecause Iructooligosacchariaes are r]cAVEBE, Netherlands; Nutreco, Netherlands; and ORAFTI, Tienen, Belgium.

hydrolyzed by enzymes in the small intestine of humans, the'  :5q44ress reprint requests to MS Alles, Friesland Coberco Research,
reach the colon intact. In a previous study we showed that frutpg Box 87, 7400 AB Deventer, Netherlands. E-mail: ms.alles@fedf.nl.
tooligosaccharides, added to the diet of young healthy subject Received May 1, 1998.

are fully metabolized by the colonic microflora (3). End prod-  Accepted for publication June 22, 1998.
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concentrations, fasting glucose concentrations, free fatty acidsplit dose—half of the supplement at breakfast and the other half

triacylglycerol, and total, LDL, and HDL cholesterol in a 6-wk at dinner. The supplements were mixed with yogurt. Because

placebo-controlled experiment with a crossover design. there was no adaptation period, the dose of fructooligosaccha-
rides was gradually increased during the first 3 d, by 5 g/d, to
prevent adverse gastrointestinal side effects.

SUBJECTS AND METHODS )
Blood sampling and analyses

Patients and experimental design Blood samples were taken by medical assistants on days 1, 18,

We recruited patients, who were diagnosed with type 2 diaand 21 (period 1) and on days 39 and 42 (period 2) with subjects
betes on the basis of WHO diagnostic criteria (24), from 5 medsitting after having fasted overnight (12 h). For glucose meas-
ical practices of general practitioners in the area of Nijmegenyrements, capillary blood samples were taken from a finger. A
Netherlands. All practices were connected to the Nijmegen Mondrop of blood was placed on a test strip and blood glucose was
itoring Project, the registration network of the Department ofmeasured immediately with a blood glucose meter. The partici-
General Practice of the University of Nijmegen. Twenty patientspating medical practices used different glucose meters, but stan-
with type 2 diabetes (9 men and 11 postmenopausal womermlard procedures were used for each glucose meter and repeat
were selected. All patients had previous measures of fastingieasurements were made with the same equipment. All glucose
blood glucose concentrations exceeding 6.5 mmol/L and fastingheters were gauged before the experiment.
serum cholesterol concentrations exceeding 6 mmol/L. Partici- For the lipid analyses, blood was obtained by venipuncture
pants had no history of gastrointestinal disease and had not beaocording to a standardized protocol. After the blood samples
treated with antibiotics or laxatives in the 3 mo before the experhad been allowed to clot (15-30 min), the tubes were put on ice
iment. All patients received dietary advice aimed at treating theiand transported to the laboratory, where serum was obtained by
diabetes and 17 patients used oral blood glucose—-lowering metbw-speed centrifugation at 1500 g for 10 min at 4C (Sigma
ication. Patients were also treated for diabetes-related comorbidK10; Salm en Kipp BV, Breukelen, Netherlands). Within 2 h 2 5
ity with antihypertensive agenta € 9) and lipid-lowering drugs  after the samples were taken, serum was stored88fC until
(n=1). analyzed.

The study protocol was approved by the Medical Ethics Com- Lipids were analyzed enzymatically for total cholesterol (27)
mittee of the Division of Human Nutrition and Epidemiology. HDL cholesterol (28), and triacylglycerol (29) with a Spectrum s»_
The protocol and aims of the study were fully explained to theAnalyzer (Abbott Laboratories, Chicago). The CV within runs S
patients, who gave their informed, written consent. After sucwas 1.0% for total cholesterol, 1.4% for HDL cholesterol, andg
cessfully completing the study, the patients received a smal).5% for triacylglycerol. The mean bias with regard to the targetv_g‘*:
financial reward. values from serum pools provided by the Centers for Diseasg

=

A single-blinded, placebo-controlled, crossover design withControl and Prevention, Atlanta, was1.4% for total choles- &
two 20-d treatment periods was used; there was no washoterol, 0.8% for HDL cholesterol, and 9.7% for triacylglycerol. €
period between treatments. Each participant used each of 2 supbL cholesterol was calculated by using the equation of Friede%
plements in random order. Blood samples were collected at theald et al (30). Free fatty acids in serum were measured enzy&
end of each treatment period. Patients kept a diary in which theyatically (catalog no. 1383 175; Boehringer Mannheim GmbH,S
recorded time of supplement consumption, possible diseases btannheim, Germany). The mean recovery of the standarc§
discomfort, medications used, and deviations in usual eatingjpalmitic acid) was 69% and a correction factor of 1.44 was useﬁ,

drinking, or lifestyle behavior. Complaints of flatulence were for all data.

umo

woy papeo)

rated on a 4-point scale (none, mild, moderate, or severe). Serum acetate was measured after deproteinizing the samples.
. Perchloric acid (0.5 mL, 1 mol/L) was added to the serum sam®
Supplements and food intake ples (0.5 mL). After centrifugation (1500 g for 15 min at 4C),

Patients were instructed to maintain their habitual eatingpotassium hydroxide (45 mL, 4 mol/L) was added to the super-
drinking, and lifestyle behavior. They were asked to not eat pronate (0.6 mL), and, after a second centrifugation step (2600
biotic dairy products that contain microorganisms able to survivéor 10 min at 4C), acetate was measured enzymatically in the
passage through the upper gastrointestinal tract or to consunseipernate (catalog no. 148 261; Boehringer Mannheim). Values
products containing large amounts of fructooligosaccharidesyere corrected for volumes, for specific gravity, and for the lig-
such as onions and leeks. Subjects were given a list of these pnaid fraction of serum. The mean recovery of the standard was
biotic and high-fructooligosaccharide—containing foods. Patientd00%. For all blood variables, samples from one particular
recorded their habitual dietary intakes for 2 d in each treatmergatient were analyzed in one run.
period. These food records were coded and nutrient and ene
intakes were calculated with use of the modified version of th
1993 release of The Netherlands Nutrient Data Bank (25). The statistical analysis package SAS, version 6.09 (Statistical

On day 1 of the study, the patients were randomly assigned tanalysis Systems Institute, Inc, Cary, NC), was used to perform
daily treatment with 15 g fructooligosaccharides (Raftilose P95the statistical analyses. The concentrations of lipids, glucose,
ORAFTI, Tienen, Belgium) or 4 g glucose as a placebo (Cerestaand acetate in 2 blood samples per person, taken at the end of
Pur 01934; Cerestar Benelux BV, Sas van Gent, Netherlandsgach period, were averaged. Complaints of flatulence were aver-
The supplements were aimed to be isoenergetitO(kJ/d) (26) aged over the last 2 wk of each supplement period. The differ-
and of equal sweetness (A Franck-Frippiat, unpublished obseences between the 2 treatments were normally distributed as
vations, 1995). Ten patients initially received fructooligosacchajudged by visual inspection of the normal probability plots (uni-
rides and 10 placebo. Patients consumed the supplements invariate procedure). We used an analysis of variance model

(%ytatlstlcal analyses
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TABLE 1 TABLE 2
Patient characteristics and baseline blood values Reported dietary intake of 20 diabetic patients after supplementation with
Men (n= 9) Women ( = glucose (placebo) or fructooligosaccharides
11) Glucose
Characteristics (placebo)  Fructooligosaccharides
Age (y) 56+ 5.2 62+ 4.1 Energy intake (MJ) 6.6 3.2 6.1+ 2.1
Height (m) 1.76+ 0.07 1.65+ 0.07 Carbohydrate intake (% of energy) 3&5%.5 39.4+ 7.2
Weight (kg) 91.1+ 14.4 74.3t 9.05 Fat intake (% of energy) 3999.0 36.7£ 9.6
Body mass index (kg/f 29.4+4.22 27.4+£2.72 Protein intake (% of energy) 21456.2 23.2+6.1
Baseline blood values Dietary fiber (g/MJ) 2.1+0.9 2.1+0.8
Total serum cholesterol (mmol/L) 5.611.34 6.26+ 0.89 1z + SD; supplements were not included.
Serum triacylglycerol (mmol/L) 2.66 1.46 2.95+1.53
Blood glucose (mmol/L) 8.83+2.30 8.06t 1.75 did not show any differences between the sexes by treatment

(data not shown). The sample size was too small to perform
including patient and treatment. When period was added to thignalyses in smaller subgroups, eg, in patients who took similar
model, the significance of the differences did not change, indimedications.
cating that there were no significant effects of time or sequence
of the treatments (SAS, general linear models procedure). We
then used paired tests to test for differences between the DISCUSSION
placebo and fructooligosaccharide treatments. One-ddeal- Our findings showed that consumption of 15 g fruc-
ues <0.05 were considered significant. SDs of the effects wermoligosaccharides/d did not significantly affect blood glucose or
calculated and used to estimate the detectable effect of the treaerum lipid concentrations in patients with type 2 diabetes.

ment with a given probability (31).
g P y 3D Patient compliance, statistical power of the experiment, and

dietary intakes

RESULTS We believe that the lack of effect in our study could not beS
Characteristics of the study population are giveifable 1 explained by insufficient compliance of the participants, by low g
Cholesterol concentrations were lower than we had anticipatestatistical power, by changes in intakes of other nutrients, or by3
based on the patients’ records; half of the baseline values wetke fact that we studied both men and women. Both reporte@
<6 mmol/L. Two participants had blood glucose concentrationgompliance and compliance judged on the basis of supplemen§
<6.5 mmol/L at baseline. All participants completed the studythat were not returned were near 100% and did not differg
successfully. Complaints of flatulence were significantly higherbetween treatment groups. Furthermore, consumption of the&
(P = 0.008) during fructooligosaccharide supplementation tharfructooligosaccharide supplements was confirmed by the ant|C|<
during the placebo treatment. No other gastrointestinal compated increase in flatulence during this treatment. c
plaints were reported. On the basis of studies with soluble dietary fibers, such a#’,
Compliance, expressed as the proportion of supplements ngectin and guar gum, we hypothesized that 15 g fructooligosacS
returned, was 100% during both treatments. The food diaries didharides would decrease serum cholesterol by 10%. In our stud§
not indicate relevant differences in physical activity patternswe were able to detect a decrease of 6.1% with 80% confidencd
medications used, or eating, drinking, and lifestyle behaviorand a decrease of 7.2% with 90% confidence. We we were ab%
between the 2 treatment groups. Body weight decreased signifie detect changes of <10% in 3 of 6 of the other indexesQ
cantly over time and was 0.6 kg lower at the end of the studfecause the variation in response was high for the variable®
than at baseline®(= 0.008). However, there were no significant acetate, free fatty acids, and triacylglycerol, the detectable
differences in meant(SD) body weight between the treatment effects were also higher (15-21% with 90% confidence). We
groups: 81.7+ 14.0 kg in the placebo group and 8%+94.4 in  conclude that the study design was powerful enough to detect
the fructooligosaccharide group. There were no significant difbiologically relevant changes in our main outcome variables.
ferences in the average daily intakes of energy, protein, fat, car-
bohydrates, or dietary fiber between the 2 grodpable 2).

woJy papeojumoq

TABLE 3
Blood indexes Fasting serum lipids, serum acetate, and blood glucose in 20 diabetic
patients after 20 d of daily supplementation with glucose (placebo) or

Average fasting concentrations of blood glucose, serunfruCtoo”go%mha1ridés

acetate, serum total cholesterol, HDL and LDL cholesterol, anc

triacylglycerol did not differ significantly between treatment Glucose (placebo) Fructooligosaccharides
groups Table 3). Mean differences and 95% ClIs are shown in mmol/L

Eigure 1. Eight patients had higher total cholestergl concentrfa-.l.Otal cholesterol 6.0% 1.18 6.21+ 1.29

tions after the placebo treatment than after fructooligosaccharidyp cholesterol 1.0% 0.25 1.12+ 0.23
supplementation, 1 patient showed no differences, and 1| pi cholesterol 3.8 1.04 3.99+ 0.91
patients had lower values after the placebo. Eleven patients hiTriacylglycerol 2.44+ 0.79 2.56+ 1.22

higher blood glucose concentrations after the placebo treatme Free fatty acids 0.880.28 0.75+ 0.26

than after fructooligosaccharide supplementation, 1 patienAcetate 0.11%0.02 0.11+0.02
showed no differences, and 8 patients had lower concentratiorGlucose 8.59+ 2.66 8.61+2.61

after the placebo. Data analyses for men and women separate X+ SD.
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FIGURE 1. Mean (and 95% CIs) of differences in fasting concentrations of serum lipids, serum acetate, and blood glucose in 20 patient
type 2 diabetes, calculated as the effect of fructooligosaccharide supplementation for 20 d minus the effect of a placebo (glucose).
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Contrary to our expectations, we observed small, nonsignificanspecies differences or incomparable doses. In all rat studies, arni-
increases in all variables studied, except free fatty acids. Thmals were fed a diet consisting of 10% fructooligosaccharide$s
9.2% decrease in free fatty acids might have been a true changed providing a mean food intake of 23 g/d, resulting in an aver{Ei
but was not detectable with the study design we used. age body weight of 300 g at the end of the study. For rats, th%:
We assessed the dietary intakes of the patients by analyzing 2ittake of fructooligosaccharides per kilogram of metabolicg
food records completed during both treatment periods. Reportedeight (body weigtt’®) was thus 5.7 g/kg. For our diabetic <
energy intakes were low in both men (8 MJ/d) and women (Patients, who had a mean body weight of 81 kg, the averag€
MJ/d) compared with the mean intake of Dutch men (10.5 MJ/djntake was 0.6 g/kg metabolic weight. Thus, rats consumed %
and women (7.9 MJ/d) (32), probably because of underreportinglose of fructooligosaccharides comparable with a dose of 15&
The results, however, showed no significant differences in thg/d in humans, which is clearly not a feasible intake in humansS
average intakes of energy, macronutrients, or dietary fiber In the study by Yamashita et al (18), 8 g fructooligosaccha-§
between treatments. There were also no significant differences nides/d lowered fasting glucose concentrations and serum Iipid§,
body weight between treatments. It is thus unlikely that the parin humans. The control group in their study consumed 5 g:
ticipants adjusted their dietary habits in response to the treatmerstucrose/d, which provides a somewhat higher energy conterf
Both men and women were included in our study populationthan does 8 g fructooligosaccharides, but this difference was to8
It is often believed that women are less suitable patients fosmall to explain their results. Participants in the study of
studying dietary effects on colonic fermentation or serum lipidsyamashita et al had uncontrolled diabetes, with a mean blood
because of confounding effects of the menstrual cycle (33, 34) alucose concentration of 11 mmol/L at baseline and a mean cho-
of the use of oral contraceptives (35). However, all women weréesterol concentration of 6.3 mmol/L at baseline. The greatest
postmenopausal and none used oral contraceptives. treatment effects were found in the most hypercholesterolemic
patients. The participants in our study were under strict medical
control for their diabetes. Their mean baseline blood glucose
The study tested the effects of daily supplementation with 15 goncentration was 8.4 mmol/L and that of total serum cholesterol
fructooligosaccharides for 20 d. This dosage and duration of thevas 5.95 mmol/L. We used patients’ blood concentrations deter-
treatment may have influenced the results. In our experience, mined at their most recent medical check-up as a criterion for
dose of 15 g results in gastrointestinal complaints, particularlynclusion in the study. Baseline concentrations, however, were
flatulence, but is still acceptable to healthy humans (3). By supmostly lower, possibly because of differences in the analytic
plementing the diet with 15 g fructooligosaccharides, we at leaginethods between the Human Nutrition Laboratory and the
doubled the average daily intake of inulin plus fructooligosacchaNijmegen Hospital Laboratory or because our patients fasted
rides, which is estimated to be 1-10 g/d, depending on the popwvernight before blood was taken. The apparent effectiveness of
lation and the method of food analysis used (1). It is thus unlikelynedication in our patients may have masked a possible effect of
that effects of the fructooligosaccharide supplements were maskede fructooligosaccharides.
by effects of naturally occurring fructooligosaccharides. It is possible that 20 d of supplementation may have been too
Our results do not agree with those of several studies in rathort a time to induce differences in glucose and lipid metabo-
(17, 19-21). However, this discrepancy can be explained bjism. However, we think this was unlikely because serum lipid

Dose and duration of the treatment
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concentrations stabilize within 2 wk after a dietary change irREFERENCES
healthy humans and hypercholesterolemic patients (36—38).1. Van Loo J, Coussement P, De Leenheer L, Hoebregs H, Smits G. On

Dietary effects on fasting glucose concentrations in patients with

type 2 diabetes can be established within 2 wk (39).

Effects of short-chain fatty acids on glucose and lipid
metabolism

The potential effect of fructooligosaccharides on glucose and 3
lipid concentrations is based on the hypothetical effects of short-
chain fatty acids produced during fermentation on glucose ands,
lipid metabolism. Several researchers found increased serum
concentrations of acetate after treatment with other types of
nondigestible carbohydrates (6, 40—42). We did not observe this;
however, we might have missed the effect because we measured-
fasting and not postprandial serum concentrations of acetate.
Fructooligosaccharides are rapidly fermented and a peak con-

. 6. Pomare EW, Branch WJ, Cummings JH. Carbohydrate fermentation
centration of serum acetate would be expected after a few hours,

as is seen with lactulose (6, 42).

Acetate and propionate have dissimilar effects on glucose andy,

lipid metabolism. Acetate is thought to facilitate the cellular

uptake of glucose by suppressing lipolysis and thereby lowering
the amount of free fatty acids in serum. Free fatty acids compete8.

with glucose to enter the cell (9-11). The in vivo effect of propi-

onate on fasting glucose concentrations seems to depend on th&
route of administration. Rectal infusion of propionate stimulates
gluconeogenesis (12), whereas orally administered propionate
tends to reduce glycemia (13, 14). Acetate may act as a precuty,
sor for cholesterol synthesis (12, 15), whereas propionate might
decrease the use of acetate as a precursor of cholesterol synthe-
sis (12, 15-17). Thus, acetate is thought to decrease glucose and.
increase cholesterol concentrations, whereas fermentation-
derived propionate probably increases glucose production and

decreases cholesterol concentrations.
The in vitro fermentation of both lactulose and fruc-

tooligosaccharides was tested by Luo et al (22). These authors>
concluded that the ratio of acetate to propionate is higher after
lactulose fermentation (11.4) than after fructooligosaccharide.
fermentation (5.4), which was confirmed by Wang and Gibson
(43). In vivo, acetate seems to dominate the net effects of lactu-
lose. Jenkins et al (41) showed increased concentrations of total
cholesterol after lactulose supplementation. With fructooligosac-15.
charides, the net effect on glucose and lipid concentrations

seems to be zero.

Conclusions

We conclude that fructooligosaccharides do not have importan
effects on blood glucose and serum lipid concentrations in
patients with type 2 diabetes, who are under strict medical con-
trol. The lack of effect in our study could not be explained by g
changes in dietary intake, insufficient statistical power, or non-
compliance of the patients. Thus, our findings do not suggest that
fructooligosaccharides are an effective means to favorably affect9.
serum lipids or glucose. However, it remains possible that other
types of nondigestible oligosaccharides, with different fermenta-

tion patterns, do affect serum lipid or glucose concentratEahs.

We are indebted to the participants for their cooperation. We thank the
general practitioners and other staff members of the practices for participat-
ing in the study, Robert Hovenier and Marga van der Steen for performing th&1.
lipid analyses, JJ Rumessen for advising us on the determination of acetate in

serum, and Jan Harryvan for helping us with the acetate analyses.
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