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Abstract

Limited evidence suggests that the dietary inclusion of oligofructose, an inulin-type fructan with prebiotic properties, may increase satiety
and, thus, reduce energy intake and body weight in overweight and obese adults. The aim of the present study was to assess the effect of
oligofructose supplementation for 12 weeks on the BMI of overweight and obese children. A total of ninety-seven children aged 7-18
years who were overweight and obese (BMI > 85th percentile) were randomly assigned to receive placebo (maltodextrin) or oligofructose
(both at an age-dependent dose: 8 g/d for children aged 7—11 years and 15 g/d for children aged 12-18 years) for 12 weeks. Before the
intervention, all children received dietetic advice and they were encouraged to engage in physical activity. The primary outcome measure
was the BMI-for-age z-score difference between the groups at the end of the intervention. Data from seventy-nine (81 %) children were
available for analysis. At 12 weeks, the BMI-for-age z-score difference did not differ between the experimental (7 40) and control
(n 39) groups (mean difference 0-:002, 95% CI —0-11, 0-1). There were also no significant differences between the groups with regard
to any of the secondary outcomes, such as the mean BMI-for-age z-score, percentage of body weight reduction and the difference in
total body fat. Adverse effects were similar in both groups. In conclusion, oligofructose supplementation for 12 weeks has no effect on

body weight in overweight and obese children.
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The prevalence of obesity is now reaching epidemic pro-
portions worldwide, stimulating research to identify factors
that affect energy balance™. Current evidence suggests a
link between gut microbiota and obesity'®. It has been
shown that there are differences between the gut microbiota
of lean and obese individuals, suggesting the importance of
the Firmicutes:Bacteroidetes ratio®, although the data are
conflicting. Moreover, recent studies suggest the diet to have
an impact on the composition of the gut microbiota (showing
that dietary manipulation modifies bacterial profiles and
metabolism)®. Furthermore, the development of obesity
may be influenced by the exposure to a bacterial endotoxin
(lipopolysaccharide) derived from the gut microbiota®. The
resulting metabolic endotoxaemia is thought to contribute
to low-grade inflammation, a characteristic of obesity and
the metabolic syndrome. Although causality remains to be
confirmed, taken together, these findings support the view
that the gut microbiota plays some role in the development
of obesity. If so, it is logical to assume that manipulation
of the gut microbiota, e.g. through the administration of
prebiotics and/or probiotics, could potentially be a preventive
and/or therapeutic measure in the evolution of obesity.

Oligofructose, an inulin-type fructan, is a non-digestible,
fully soluble and fermentable carbohydrate, with known
prebiotic properties, which is found naturally in chicory,
onion and garlic'®. Data from previous animal studies have
shown that a high-fat diet enriched with oligofructose leads
to a decrease in energy intake, less weight gain, and a lower
concentration of TAG”. The mechanism by which oligo-
fructose may influence body weight remains unclear. However,
it has been shown that oligofructose fermentation modulates
the secretion of gastrointestinal hormones (i.e. glucagon-like
peptide-1 and glucagon-like peptide-2), thus promoting
satiety, and decreases the concentration of ghrelin, which
stimulates food intake”®. Moreover, two human trials have
reported that oligofructose consumption increases the concen-
trations of satiety hormones®'?.

We have recently carried out a systematic review of
randomised controlled trials (RCT) to evaluate the effects of
inulin-type fructan supplementation, including oligofructose,
on appetite, energy intake and body weight in children and
adults. Limited data suggest that the long-term supplementation
of inulin-type fructans may contribute to weight reduction in
adolescents and in overweight and obese adults"". Beneficial

Abbreviations: DXA, dual-energy X-ray absorptiometry; MD, mean difference; RCT, randomised controlled trials; RR, relative risk.
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effects of inulin-type fructans on metabolic disorders associated
with obesity, i.e. glucose intolerance and dyslipidaemia, have
been investigated in many studies, but the results of these
studies are inconsistent*!¥_ As inulin-type fructans are not
homogeneous, further RCT are recommended to determine
the type of substance that is the most effective. Furthermore,
studies in children are scarce and more studies are needed.
The present study aimed to assess the effect of oligofructose
supplementation for 12 weeks on the BMI of overweight
and obese children. The hypothesis was that oligofructose
supplementation would reduce BMI. The choice of oligo-
fructose was determined based on the findings from an earlier
study carried out in adults™?.

Methods

This is a randomised, double-blind, placebo-controlled trial
that was initiated by the investigators and was conducted
independently of any commercial entities. The trial protocol
was registered at ClinicalTrials.gov (NCT01673152). The trial
was conducted between January 2012 and December 2013
at the Department of Paediatrics, the Medical University of
Warsaw, Poland. Children aged 7-18 years with a BMI-
for-age >85th percentile were eligible to participate in
the study. Those with a BMI-for-age between 85th and
97th percentiles (equivalent to >1sp according to WHO
criteria™) were classified as overweight and those with a
BMI-for-age >97th percentile (equivalent to >2sp according
to WHO criteria) were classified as obese. Exclusion criteria
included overweight/obesity secondary to genetic syndromes,
endocrine diseases, and the use of drugs that influence
appetite or body weight. Eligible children were randomly
assigned to receive oligofructose (Orafti P95, Beneo-Orafti)
or a comparable placebo (maltodextrin). Both oligofructose
and placebo were prepared in identical sachets by the hospital
pharmacy. Dosing of oligofructose was age dependent.
Children aged 7-11 years received 8g daily and those aged
12—18 years received 15g daily. Maltodextrin was dosed in
equienergetic amounts. The study products were administered
twice daily orally for 12 weeks. The participants were advised
to dissolve the study products in water and to take them
preferably before breakfast and dinner. Data from previous
studies were used when making decisions regarding
dosing(lé’m A9 and the
choice of placebo™™. All parents and children received the
same dietary advice from the dietitian. The participants were
advised to follow a normoenergetic diet throughout the
study. The Nutrition Standards for Polish population
developed by the National Food and Nutrition Institute"®
were used to calculate energy considering the participant’s
age and low level of physical activity. All children were
encouraged to engage in physical activity for at least 1 h daily.

At study entry, all eligible children underwent a physical
examination, including evaluation of blood pressure and
anthropometric measurements (weight, height and BMI,
which were plotted on WHO 2007 growth curves; http://
www.who.int/growthref/en/). The laboratory examinations
were performed at baseline using standard methods at the

, the duration of the intervention

hospital laboratory of the Medical University of Warsaw and
included measurements of fasting glucose, total cholesterol,
LDL-cholesterol, HDL-cholesterol and TAG. Total body fat was
measured by dual-energy X-ray absorptiometry (DXA) using
Lunar Prodigy (GE Healthcare). Each participant maintained
a 3d food record over 2 weekdays and 1 weekend day,
which was then reviewed by the dietitian using the
computer DIETA 5.0; http://www.izz.waw.pl
(National Food and Nutrition Institute, Warsaw, 2011). Physical
activity was assessed using the International Physical Activity
Questionnaire (described in detail elsewhere(w)), which earlier
was modified and adopted for children®”. To assess tolerance
to the study products, children were asked to fill in a diary in
which listed symptoms, primarily gastrointestinal symptoms
such as abdominal pain and flatulence, were reported. In
addition, children were encouraged to report any other symp-
toms on their own initiative.

At the end of the intervention period (i.e. at 12 weeks),
anthropometric measurements were performed again. Total
body fat was measured using DXA. A 3d food record, an
activity questionnaire and a diary reporting adverse effects
were obtained from the participants. The laboratory examin-
ations were repeated only in case of abnormalities at baseline.
To assess compliance, the participants were asked to return
empty sachets. At the end of the follow-up period (i.e. at 24
weeks), only anthropometric measurements were performed.

The primary outcome measure was the BMI-for-age z-score
difference between the groups at 12 weeks (baseline v. end
of the intervention). The secondary outcome measures at
12 weeks included the mean BMI-for-age z-score; percentage
of body weight reduction; difference in total body fat measured
by DXA; number of children with a BMI-for-age <85th
percentile; self-reported energy intake; number of children
with abnormal fasting glucose concentrations (>6-11 mmol/l;
>110 mg/dD"; number of children with dyslipidaemias (i.e.
total cholesterol concentrations >5-18 mmol/l (>200 mg/dD,
LDL-cholesterol concentrations >3-37 mmol/l (>130mg/dD),
HDL-cholesterol concentrations <091 mmol/l (<35 mg/dD
and TAG concentrations >1-70 mmol/l (>150 mg/d1)*?; per-
centage of children with hypertension (according to the criteria
of the European Society of Hypertension)(%) ; physical activity;
and adverse effects. The secondary outcomes measured at
24 weeks (end of the follow-up period) included the BMI-for-age
z-score difference; the mean BMI-for-age z-score; and the
number of children with a BMI-for-age <85th percentile.

Randomisation was based on computer-generated numbers
and was performed in blocks of six. The randomisation list
was prepared by an investigator with no clinical involvement
in the study. The randomisation sequence and codes were
secured until all data were analysed. All participants and
investigators were blinded to the assigned treatment through-
out the study. The study products were white powders similar
in terms of texture, smell and colour and were packaged in
identical sachets. To ensure concealment, the study products
were weighed, packaged and signed by consecutive number
according to the randomisation list generated by the hospital
pharmacy at the Medical University of Warsaw by independent
personnel not involved in the conduct of the study.

software
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Fig. 1. Flowchart depicting the progression of participants through the study.

Sample size

The primary endpoint was the difference in BMI-for-age
z-scores between the groups. Considering data from the litera-
ture®? , it was assumed that the mean difference (MD) would
be 0-17, with a sp of 0-267. To detect this difference, with a
power of 80% and a significance level of 5% and taking
into account that 20% of the patients will be lost to follow-
up, it was calculated that forty-eight patients would be
needed to be studied in each group.

Statistical analyses

Student’s ¢ test was used to compare the mean values of
continuous variables approximating a normal distribution.
The Mann—Whitney U test was used to compare the mean
values of non-normally distributed variables. Data that were
not normally distributed are reported as medians and ranges.
The x? test was used to compare percentages. Differences
between the study groups were considered significant when
the P value was <0:05, when the 95% CI for the MD did
not include 0, or when the 95% CI for the relative risk (RR)
did not include 1 (equivalent to P<0:05). The analyses were
carried out based on allocated treatment, i.e. all the participants
in a trial for which outcome data were available were analysed
according to the intervention that they were assigned, whether
or not they received it. Statistical analyses were performed
using the data analysis software system STATISTICA (version
10, 2011; StatSoft, Inc.; http://www.statsoft.com).

Ethical approval

The present study was conducted according to the guidelines
laid down in the Declaration of Helsinki, and all procedures
involving human subjects were approved by the ethics
committee of the Medical University of Warsaw. Written
informed consent was obtained from at least one parent and
from children aged =16 years.

Results

A flowchart depicting the progression of participants through
the study is shown in Fig. 1. Of the 123 eligible children,
ninety-seven underwent randomisation. Among them, forty-
eight were assigned to the experimental oligofructose group
and forty-nine were assigned to the placebo group. At
12 weeks (end of the intervention), data from seventy-nine
(81%) children were available for analysis. Dropouts com-
prised children who did not arrive for the study visit and
were lost to follow-up. The dropout rates were similar in
both groups. None of the dropouts had reported adverse
effects before discontinuation. Data on total fat mass
measured by DXA were available from only sixty-three
(65%) children; the remaining children refused to undergo
the second assessment. Compliance was similar in the experi-
mental and control groups (approximately 90% of the empty
sachets were returned after the intervention period).

The baseline demographic and clinical characteristics did
not differ between the groups (Table 1). All outcome
measures, including within-group and between-group differ-
ences, are summarised in Table 2. At 12 weeks, the BMI-for-age
z-score difference did not differ between the experimental
(n 40) and control (7 39) groups (MD 0:002, 95% CI —0-11,
0-1). There were also no significant differences between the
groups with regard to any of the secondary outcomes, such
as percentage of body weight reduction (MD —0-57, 95% CI
—2:34, 1-20), mean BMlI-for-age z-score (MD 0-14, 95% CI
—0-16, 0-44), self-reported energy intake (P=0-06), number
of children with a BMI-for-age <85th percentile (RR 0-33,
95% CI 0-01, 8:43), number of children with dyslipidaemias

Table 1. Baseline characteristics of the study groups
(Mean values and standard deviations; medians and ranges)

Oligofructose Placebo
(n 48) (n 49)
Mean SD Mean sSD
Age (years) 12.3 2:9 12.4 2.7
Body weight (kg) 70-1 21-3 70-7 220
Height (cm) 155.8 15.2 157 14.3
BMI (kg/m?) 281 41 279 4.4
Female (n) 20 28
Male (n) 28 21
Overweight (n) 8 8
Obese (n) 40 41
Total body fat measured
by DXA (g)
Median 28292 27157
Range 8802—-56 836 14529-54 371

DXA, dual-energy X-ray absorptiometry.
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Table 2. Effect of oligofructose and placebo on outcome measures
(Mean values and standard deviations; number of patients and percentages; medians and ranges)

Oligofructose (n 40) Placebo (n 39)
n % n % P
Primary outcome
BMI-for-age z-score difference at 12 weeks 0-97
Mean —0-247 —0-249
sD 0-24 0-2
Secondary outcomes (at 12 weeks)
BMI-for-age z-score
Baseline
Mean 2.7 25
SD 0-7 0-6
At 12 weeks 0-37
Mean 2-49 2.35
SD 0-76 0-6
P (baseline v. 12 weeks) 0-14 0-16
Percentage of body weight reduction 0-53
Mean 1.42 1-99
SD 3-89 412
Difference in total body fat (DXA; g) 0-24
Mean 1341 2063
SD 2602 2239
Children with a BMI-for-age <85th percentile
Baseline 0 0
At 12 weeks 0 0 1 25 0-49
P (baseline v. 12 weeks) 0-41
Energy intake (kJ/d)
Baseline
Median 7339 6519
Range 4098-14 566 3429-13791
At 12 weeks 0-06
Median 6431 5430
Range 3433-10990 2981-9851
P (baseline v. 12 weeks) 0-02 0-008
Children with glucose intolerance
Baseline 0 0 1 2
At 12 weekst 0 0 0 0
P (baseline v. 12 weeks) 0-58
Children with dyslipidaemias
Baseline 12 25 13 26
At 12 weekst 6 15 7 18 0-72
P (baseline v. 12 weeks) 0-26 0-35
Children with hypertension
Baseline 4 8 1 2
At 12 weekst 2 5 0 0 0-49
P (baseline v. 12 weeks) 0-54 0-58
Physical activity (h/week)
Baseline
Median 1 10
Range 3-5-41 1-39
At 12 weeks 0-36
Median 13 10
Range 2-41 0-57
P (baseline v. 12 weeks) 0-06 0-45
Secondary outcomes (at 24 weeks) n29 n22
BMI z-score differences 0-36
Mean -0.37 -0-29
SD 0-28 0-32
BMI z-score 0-04
Mean 2-29 2.48
SD 0-79 0-80
Children with a BMI-for-age <85th percentile 1 3 1 4.5 0-84

DXA, dual-energy X-ray absorptiometry.
* P value for a comparison between the oligofructose and placebo groups.
1 Measured only in children with abnormalities at baseline.
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Table 3. Adverse effects reported during the intervention
(Number of patients and percentages)

Oligofructose Placebo
(n 40) (n 39)

n % n % P
Abdominal pain 12 30 5 128 0.08
Flatulence 8 20 6 15-4 0-59
Diarrhoea/loose stool 4 10 7 17-9 0-32
Borborygmi 3 7-5 1 2:6 0-34
Feeling of fullness 3 7-5 2 51 0-66
Loss of appetite 3 7-5 0 0-08
Nausea 2 5 0 0-16
Heartburn 1 25 0 0-32

(RR 0-84, 95% CI 0-31, 2-:27), number of children with hyper-
tension (RR 4-88, 95% CI 0-24, 98-47), and physical activity
(P=0-36). Only one child presented with glucose intolerance
at baseline; however, glucose tolerance improved after the
intervention. In a subset of participants for whom data were
available for analysis, there was also no significant difference
between the groups with regard to the difference in total body
fat measured by DXA (P=0-24). Adverse effects were similar
in both groups (RR 165, 95% CI 0-98, 2:79) (Table 3).

Within-group analyses (baseline v. 12 weeks) showed no
differences with one exception. There was a significant
reduction in energy intake in the oligofructose (P=0-02) and
placebo (P=0-:008) groups (Table 2).

At 24 weeks, data from fifty-one (53 %) children were avail-
able for analysis. There was no significant difference between
the groups with regard to anthropometric measurements after
the follow-up period. The BMI-for-age z-score difference did
not differ between the oligofructose and control groups (MD
—0-08, 95% CI —0-25, 0-:09). The mean BMI-for-age z-score
was also similar in both groups (MD —0-18, 95% CI —0-65,
0-25), as well as the number of children with a BMI-for-age
< 85th percentile (RR 0-76, 95% CI 0-05, 11-47).

Discussion

The results of the present study showed that 12 weeks
of supplementation with oligofructose, a soluble inulin-type
fructan with known prebiotic properties, was not effective
for body weight reduction in overweight and obese school-
aged children. The study groups did not differ with regard
to anthropometric (BMI-for-age
difference, mean BMI-for-age z-score and percentage of
body weight reduction) and total body fat measured by DXA
after the intervention. Energy intake assessed using a 3d

measurements Z-Score

food record after the experimental period was similar in both
groups. There were also no significant differences between
the groups with regard to the prevalence of obesity-
related co-morbidities such as dyslipidaemia and hypertension.
Adverse effects were comparable in both groups.

The major strength of the study is its design; a RCT is the
design of choice for intervention studies. Appropriate methods
were used to generate allocation sequence and allocation
Follow-up was adequate at

concealment. 12 weeks.

Data obtained from 81 % of the participants were available for
analysis. All these features minimise the risk of systemic bias.

However, the present study has some limitations. In contrast
to the 12-week follow-up visit, only 53% of the participants
were available at the 24-week follow-up visit. However, as
there was no effect of oligofructose supplementation at
12 weeks, it would be unrealistic to expect such an effect
after stopping the intervention. The lack of perfect blinding
is another potential limitation of the present study. The
participants received oligofructose or placebo (both products
were white powders) in identical sachets prepared by the
hospital pharmacy. However, some participants reported that
the study product became lumpy after being stored at room
temperature. After unblinding, it was discovered that the
problem was linked to oligofructose supplementation only.
Another limitation is the assessment of compliance, which
was not ideal. The study participants were asked to only
return empty sachets; however, it would have been more
appropriate to ask for half-empty as well as full sachets.
Despite oligofructose clumping, compliance was similar in
both groups. The biochemical laboratory examinations were
performed only in children with abnormal values at the initial
testing. This was based on current recommendations to test
after 6 months of dietary intervention if abnormalities
exist®. However, one may argue that this is a limitation, as
it does not allow one to identify children who initially tested
healthy but whose health deteriorated over the course of the
study. Only a very small number of children were included
in these analyses. Given these considerations, caution is
needed when interpreting data on hypertension, glucose
intolerance and dyslipidaemias. A self-reported physical
activity questionnaire was used to assess physical activity.
Although it is convenient and cheap to use, there are some
well-known limitations to its use, including item inter-
pretation, recall and social desirability effects®.

To our knowledge, this is the first study to assess the
effect of oligofructose supplementation on body weight in
overweight and obese children. The results of the present
study are in contrast to the findings of one RCT conducted
in overweight and obese adults®. This trial, involving for-
ty-eight subjects, showed that compared with placebo
(maltodextrin), oligofructose supplementation (21 g/d) resulted
in a significant body weight reduction after a 12-week inter-
vention period. The researchers also assessed energy intake
every 3 weeks during the experimental period. They reported
no significant differences between the experimental and pla-
cebo groups with one exception. By week 6, a 29 % reduction
in total energy intake was reported in the oligofructose group
compared with the control group (P=0:002). In the present
study, the same study product was used for the same duration;
however, it was used at a lower dose. The latter may be one of
the explanations for the lack of an effect of oligofructose
supplementation in the present study. In one double-blind,
cross-over RCT conducted in thirty-one subjects (mixed
population with normal-weight and overweight adults), no
significant differences were observed in body weight after
treatment with oligofructose (10 or 16 g/d for 13d) compared
with the placebo (maltodextrin). There was also no difference
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in appetite sensations and energy intake among the three
treatment groups"”.

At least one recent study confirms that the dosage may be of
importance. This is a 5-week escalating study performed by
Pedersen et al.*” who found oligofructose supplementation
in the home environment at doses of 35g/d or higher to
suppress hunger, although it did not affect energy intake.
Moreover, it was found that oligofructose increased the con-
centrations of peptide YY and decreased those of pancreatic
polypeptide, but did not influence the appetite profile
during the appetite study session. The authors suggested a
need for high doses of oligofructose to influence appetite.

Appetite was not assessed in the present study. However,
Cani er al’®® found that consumption of oligofructose (16 g/d)
compared with placebo (dextrin maltose) significantly
increased satiety following breakfast and dinner and also
reduced hunger and prospective food consumption following
dinner. No significant differences were observed in the
remaining tests performed after breakfast and dinner and in
all tests performed after lunch. Simultaneously measured
energy intake was lower by 5% (P<<0-05) after oligofructose
supplementation compared with placebo. The authors
hypothesised that oligofructose promotes satiety and reduces
energy intake by influencing gut hormones involved in appe-
tite regulation. However, no effect of oligofructose on appetite
sensations and energy intake was found in another RCT®.

Some studies have evaluated the effect of the administration
of oligofructose and inulin. In one RCT involving ninety-seven
non-obese adolescents aged 9-13 vyears, a significant
reduction was observed in body weight (1-3 (sp 0-6)kg,
P=0:048), BMI difference (0:52 (sp 0-16) kg/mz, P=0-016)
and BMI z-score difference (0-13 (sp 0-06), P=0:048) in the
oligofructose plus inulin (8g/d) group compared with the
control (maltodextrin) group after 1 year®. Notably, in this
study, the anthropometric measurements were the secondary
outcomes. The study was planned to assess the effect of
inulin-type fructans on Ca absorption. Compared with the pre-
sent study, the dose of oligofructose was similar; however, the
duration of the intervention was significantly longer. Whether
the longer administration and/or addition of inulin may
explain the beneficial effect remains unclear.

In one recent RCT carried out in thirty obese women,
treatment with an oligofructose/inulin 50/50 mix or placebo
(maltodextrin) for 3 months was found to have no effects on
BMI and the waist:hip ratio. However, these were the second-
ary outcomes; the study was not designed and powered suffi-
ciently to demonstrate a difference if one actually exists. The
primary endpoint of this study was to assess the prebiotic effect
of inulin-type fructans on gut microbiota composition®”.
The effect of fructo-oligosaccharide supplementation on body
weight was assessed in three RCT. Fructo-oligosaccharides are
inulin-type fructans consisting of short chains of maximally
five monomeric units, while oligofructose has chains with
up to ten units. In the first cross-over RCT, involving twelve
normal-weight adults, it was found that compared with con-
sumption of cookies enriched with sucrose, consumption of
cookies enriched with short-chain fructo-oligosaccharides
(20g/d) for 4 weeks had no effect on body weight®V.

In the second cross-over RCT involving thirty normal-weight
and overweight adults also, no difference was observed after
2 months of short-chain fructo-oligosaccharide (10-6g/d)
supplementation compared with placebo (maltodextrin
plus aspartame)®?. In contrast, in one RCT conducted in
thirty-five obese women, a significant difference was found
between the fructo-oligosaccharide group (0-14 g/kg per d for
4 months) and the placebo group with respect to body
weight (MD —16-1kg, P<0-05) and BMI (MD —4-0kg/m?,
P<0-05)%_ Finally, two RCT investigated the effect of inulin.
Both reported no significant difference in body weight
between the inulin groups (10 g/d) treated for 2 months®® or
3 months®> and their respective control groups.

Data from the literature suggest that adverse effects,
especially side gastrointestinal effects, occur more often in
subjects receiving fructans with a shorter chain such as oligo-
fructose®®. In the present study, adverse effects were similar
in both groups. However, no standardised measurement
instrument was used for adverse events, and the study lacks
power to determine adverse effects.

Conclusion

Our findings do not support the hypothesis that oligofructose
supplementation, as dosed in the present study, is effective for
body weight reduction in overweight and obese school-aged
children.
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