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Abstract

Background & Aims—Dietary fructans exacerbate symptoms in some, but not all, adults with
irritable bowel syndrome (IBS). We sought to determine whether fructans worsen symptoms in
children with IBS and whether clinical and psychosocial factors, and/or gas production, can
identify those who are fructan sensitive.

Methods—We performed a double-blind placebo-controlled (maltodextrin) cross-over trial of 23
children with IBS, based on pediatric Rome I11 criteria, from September 2014 through December
2016. At baseline, participants completed 1-week pain and stool diaries and a 3-day food record
and psychosocial factors (depression, anxiety, and somatization) were measured. Subjects were
randomly assigned to groups that were provided meals for 72 hrs containing either fructans or
maltodextrin (0.5 g/kg; max 19 g). Following a washout period of 10 days or more, the subjects
received the meal they were not given during the first study period (crossed over). Gastrointestinal
symptoms and breath hydrogen and methane production were captured during each meal period.
Fructan sensitivity was defined as an increase of 30% or more in abdominal pain frequency
following fructan ingestion.

Results—Subjects had more mean episodes of abdominal pain/day during the fructan-containing
diet (3.4 = 2.6) vs the maltodextrin-containing diet (2.4 + 1.7) (/£<0.01), along with more severe
bloating (P<0.05) and flatulence (P=0.01). Hydrogen (but not methane) production was greater
while subjects were on the fructan-containing diet (617 = 305 ppm:-hr) than the maltodextrin-
containing diet (136 + 78 ppm-hr) (A<.001). Eighteen subjects (78.2%) had more frequent
abdominal pain while on the fructan-containing diet and 12 (52.2%) qualified as fructan sensitive.
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We found no difference between fructan-sensitive and fructan-insensitive subjects in baseline
abdominal pain or bowel movement characteristics, dietary intake, psychosocial parameters, IBS
subtype, or gas production.

Conclusion—In a randomized controlled trial of children with IBS, we found fructans to
exacerbate several symptoms. However, fructan sensitivity cannot be identified based on baseline
gastrointestinal symptoms, dietary intake, psychosocial factors, or gas production.
Clinicaltrials.gov no: NCT02842281.
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INTRODUCTION

Diet is an important clinical factor in both adults and children with irritable bowel syndrome
(IBS). Dietary triggers worsen gastrointestinal symptoms by self-report in up to 84% and
93% of adults and children with 1BS, respectively.l: 2 These may include fermentable
oligosaccharide, disaccharide, monosaccharide, and polyol (FODMAP) carbohydrates.
FODMAP carbohydrates can be malabsorbed leading to fermentation (with gas production)
and increased luminal water content.3 As in adults, a low FODMAP diet has been shown to
ameliorate symptoms in some, but not all children with 1BS.# > However, there is a paucity
of data examining dietary interventions which restrict specific carbohydrates in children with
IBS thus pointing toward the need for dietary intervention studies that evaluate the effect of
different types of FODMAPs in this population.®

Fructans are a commonly ingested FODMAP carbohydrate in the Western diet, particularly
in children.” Fructans are oligosaccharides comprised primarily of fructosyl-fructose
linkages which are unable to be hydrolyzed by human enzymes; therefore they arrive in the
colon essentially intact.®: © These oligosaccharides have been shown to exacerbate symptoms
in a subset of adults with IBS with the primary mechanism of action attributed to increased
gas production via colonic fermentation with subsequent luminal distention.10: 11 However,
predicting which subset of adults with IBS will have worsening symptoms when ingesting
fructans (i.e., are fructan sensitive) remains elusive.

A comprehensive low FODMAP diet (which includes fructan restriction) can be difficult for
patients to maintain and its long term effects are unknown given that it removes foods
considered healthy (e.g., wheat) and reduces the abundance of organisms associated with
health (e.q., Bifidobacteria).8: 12 Given that fructans are a common FODMAP carbohydrate
ingested by children,” we sought to determine whether fructans worsen symptoms in
children with IBS and if so, to what extent. We also wished to evaluate whether clinical
parameters and/or gas production could predict which children with IBS are fructan
sensitive.
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METHODS

Subjects

Children ages 7-18 years with pediatric Rome 111 IBS recruited from primary and tertiary
care were included from September 2014 through December 2016.# Children with potential
organic etiologies were excluded as previously described. IBS subtype was assigned per
Rome Il1 criteria.# Approval for the study was obtained from the Baylor College of
Medicine Institutional Review Board. Parental consent and child assent were obtained. The
trial was registered at clinicaltrials.gov (NCT02842281).

General design

Measures

Subjects completed a double blind, randomized, placebo-controlled crossover trial.
Randomization was computer generated using www.randomization.com with blocks of 10
without stratification. Access to the scheme was only provided to the United States
Department of Agriculture (USDA) Children’s Nutrition Research Center (CNRC) research
dietitian. Subjects were provided low FODMAP foods to meet their nutritional needs during
two 72-hour intervention periods (fructan or placebo) which were separated by a minimum
10-day washout period. During these 72 hours they ingested either fructans (Jarrow
Formulas Inc., Inulin-FOS) 0.5 g/kg/day (up to 19 grams) or maltodextrin (Honeyville, Inc.)
placebo at the same dosage; both provided in water divided over three meals. The dose of
fructans was chosen as studies have demonstrated that 20-30 g/day fructans are well
tolerated (particularly when given in divided doses) in healthy adults and a dose of 19 g was
used in a previous adult IBS fructan challenge trial.1% 12 Inulin-FOS includes a mixture of
short and long inulin-type fructans with an estimated average degree of polymerization of 14
(range: 4-60).13

The primary outcome measure (abdominal pain frequency) was assessed using a validated
Pain and Stool Diary.# 14 Subjects recorded the number of discrete abdominal pain episodes
during each of three 8-hour time periods daily as previously described during a one-week
baseline period and during each 72-hour dietary intervention period.15:16 In addition, during
each diary time period subjects rated (using 0-10 Likert scale) several symptoms including:
abdominal pain severity, bloating, flatulence, nausea, and fatigue. The modified Bristol stool
form chart for children was used to characterize the form of each bowel movement during
the same timeframe.1” Children were IBS-subtyped based on their baseline stool diary.18
Based on FDA and expert recommendations regarding clinically meaningful thresholds,
fructan sensitivity was defined as a >30% higher number of abdominal pain episodes during
the fructan intervention relative to the number of abdominal pain episodes during the
maltodextrin intervention.19

A food record was kept for three days during the baseline period, and during each of the
dietary intervention periods with analysis of total energy, total fat, total carbohydrate, dietary
fiber, glucose, fructose, lactose, sucrose, and polyols as previously described.# In addition
subjects completed the Childhood Somatization Inventory2?, and the Behavioral Assessment
System for Children-2 (depression and anxiety scales).?!
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Subjects provided hourly breath samples to measure hydrogen and methane production
during the final 8 hours of each dietary intervention.* Gas chromatography (Quintron
Instrument Company, Milwaukee, W) was used to analyze the samples. Carbon dioxide
analysis was used to correct the hydrogen and methane concentrations. Values (ppm) were
plotted against time (8-hours) to calculate area under the curve for total hydrogen and
methane gas production using the trapezoidal method (expressed as ppm*hr).22

Statistical Analyses

RESULTS

Based on our previous work evaluating the low FODMAP diet in children with IBS, we
estimated that 23 children completing the trial would provide 90% power at a 2-sided a.=.05
level to detect a clinically significant change of one pain episode per day between the two
treatment periods (primary outcome — pain frequency).# SPSS Statistics version 23 (IBM
Corporation, Armonk, NY) was used for statistical analyses. Children completing the trial
(therefore having data for both dietary interventions) were included in the final data
analyses. Paired #test was used for intra-group comparisons during each dietary
intervention. Independent #test or Mann-Whitney U testing (depending on the normality of
the data) compared fructan sensitive vs. fructan insensitive participants. Data are presented
as mean + standard deviation. All the authors had access to the study data and have reviewed
and approved the final manuscript.

Thirty-one children were enrolled of whom 23 completed both dietary interventions and
were included for subsequent analyses (Supplementary Figure 1). Of the 8 children who did
not complete the study, 5 (62.5%) dropped out during the one-week baseline period, and the
remaining dropped out during dietary interventions due to non-compliance (e.g., did not
complete the pain/stool diary during the intervention).

Baseline patient characteristics of the 23 subject completers are found in Table 1. Subjects
had the following subtype delineations: 15 (65.2%) had IBS-constipation, 4 (17.4%) IBS-
mixed, 2 (8.7%) IBS-diarrhea, and 2 (8.7%) 1BS-undefined.

Comparisons within the Entire Subject Cohort (Table 2)

Pain frequency (primary outcome) and bloating were significantly greater during the fructan
as compared with the placebo (maltodextrin) intervention. Hydrogen, but not methane
excretion, also was significantly greater during the fructan (vs. maltodextrin) intervention.
Bowel movement frequency and mean stool type did not differ between interventions.
Neither hydrogen nor methane gas excretion after fructan ingestion correlated with the
severity of any symptom (data not shown). Adverse events included worsening of skin
eczema for one child during the trial which was not felt to be related to the dietary
interventions.

Patterns of Response to the Dietary Interventions

Twelve (52.2%) subjects were fructan sensitive, 6 (26.1%) subjects had more frequent
abdominal pain during fructan ingestion but did not meet the 30% increase threshold relative
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to the maltodextrin period for fructan sensitivity, and 5 (21.7%) subjects had a 30% increase
in abdominal pain frequency with placebo relative to fructans. There were no differences
(see Supplementary Figure 2) in clinical response during the first or second intervention
phases when comparing the overall number of daily abdominal pain episodes (2.9 £ 1.9 vs.
2.9 £ 2.5, respectively).

Comparison of Fructan Sensitive vs. Fructan Insensitive Subjects at Baseline (Table 3)

Fructan sensitive subjects did not differ from fructan insensitive subjects with respect to
demographics (age, gender, race, ethnicity). Fructan sensitive subjects had less gas at
baseline compared with fructan insensitive subjects. Other baseline characteristics (pain
frequency, pain severity, bloating, nausea, fatigue, stooling characteristics, 1BS subtype,
somatization, depression, anxiety) did not differ between groups. There were no differences
in baseline dietary consumption between fructan sensitive and fructan insensitive subjects
(Table 4).

Fructan sensitive subjects did not differ from fructan insensitive subjects with respect to
hydrogen or methane excretion during either the fructan or maltodextrin intervention (Figure
1).

DISCUSSION

To our knowledge this is the first study to prospectively evaluate fructan sensitivity in
children with IBS. Within the context of a rigorous randomized, double blind, placebo
(maltodextrin) controlled, crossover trial we report that as a group, children with IBS
experience worse abdominal pain frequency, bloating, and gas in response to dietary
fructans. As defined by FDA and expert recommendations, we identified that a subset of
children with IBS who can be identified as fructan sensitive based on their change in
abdominal pain frequency compared with baseline following fructan ingestion. Baseline
diet, clinical parameters, and psychosocial characteristics were not associated with fructan
sensitivity (Table 3). Similarly, hydrogen and methane excretion during fructan ingestion
could not distinguish fructan sensitive vs. fructan insensitive children with IBS. These
findings have potential implications with respect to personalized nutrition strategies for
children with IBS as not all children are fructan sensitive and therefore may respond poorly
or not at all to a low FODMAP diet. Indeed, 24-50% of adults and children do not respond
to a low FODMAP diet; whether this is related to specifically to fructan insensitivity needs
to be determined.23. 24

Given the results of previous breath hydrogen and magnetic resonance imaging studies, the
mechanism by which fructans may exacerbate symptoms in those with IBS was previously
attributed to luminal distention due to increased gas production.1! Adults with IBS (vs.
controls) have been found to have increased hydrogen excretion when given fructans or
other malabsorbed carbohydrates such as sorbitol, similar to our current findings (Table 2).
25,26 However, in our study, hydrogen and methane production increased to the same degree
following fructan ingestion regardless of whether or not the subject had fructan sensitivity
(Figure); therefore, gas production alone does not appear to be the sole mechanism by which
fructans exacerbate IBS symptoms. These findings are supported by a recent study by Major
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et al. in adults with 1BS given inulin (a fructan).2” During both breath testing and magnetic
resonance imaging subjects had the same increase in both colonic luminal distention and
breath hydrogen production in those meeting a predefined symptom threshold vs. those who
did not meet the same symptom threshold.2” Given the above, additional factors beyond gas
production are likely playing a role in determining fructan related symptoms in children with
IBS.

While gas production is one byproduct of microbial carbohydrate fermentation, additional
microbial carbohydrate fermentation metabolites may be produced which have direct
biological effects.?8 We have previously demonstrated that children with IBS who improve
(vs. those who did not improve) on a one-week low FODMAP diet (which avoids fructans)
have both a baseline different fecal microbiome composition and metabolite profile.23
Mclntosh et al. demonstrated altered urine metabolite profiles in adults with IBS on a low
vs. high FODMAP diet.2% Whether microbiome composition - which has been associated
with low FODMARP diet efficacy in both children and adults with IBS* 30 - or other
microbial related factors are associated with childhood IBS fructan sensitivity remains to be
determined.

A host-related factor which may be related to fructan sensitivity is visceral hypersensitivity.
Visceral hypersensitivity was implicated in the previously mentioned study by Major et al.
as peak colonic gas excretion correlated with peak symptom intensity in those with
worsening symptoms in response to inulin ingestion.2” In parallel, both Yang et al. (via
lactose challenge) and Le Neve et al. (via lactulose challenge) reported that adults with IBS
with the most pronounced challenge-related symptoms had visceral hypersensitivity.3: 32
Though visceral hypersensitivity was not formally assessed in our study, we found that study
subjects had an increase in symptoms (bloating and flatulence) following fructan ingestion
which may be attributed, in part, to visceral hypersensitivity. Central sensitization, as occurs
in visceral hypersensitivity, is induced by repeated or sustained nociceptor inputs.33 For
example, headache frequency has been shown to correlate positively with pain thresholds.3*
We speculate that the increased pain frequency triggered by fructan ingestion may contribute
to visceral hypersensitivity and the associated symptoms experienced by the subjects
(bloating and flatulence).

While we found an increase in abdominal pain frequency during fructan ingestion, we did
not find a change in the severity of abdominal pain episodes. The length of the interventions
(72 hours) was short in the setting of IBS (a chronic disorder); a longer intervention period
may be required to affect pain severity. In addition, the relatively low level of baseline pain
severity (1.9/10) likely blunted the ability to detect differences in pain severity between the
two challenges. Future studies evaluating visceral sensitivity in children with IBS
undergoing food challenges for longer time periods are needed.

We did not identify any significant changes in stool form or frequency when comparing the
fructan vs. maltodextrin interventions. This may be due in large part to the fact that the
majority of subjects in our cohort had the most common pediatric IBS sub-type: IBS with
constipation.18 This is supported by previous FODMAP intervention studies (albeit of
longer duration) in adults with IBS found that when given higher FODMAP content foods,
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only those with IBS with diarrhea had more bowel movements and looser stools.® In
addition it should be noted that our study used a validated pediatric stool scale measure
which has fewer stool form categories than the standard Bristol Stool Form Scale; thereby

potentially decreasing the ability of children to discern more subtle changes in stool form.
17,18

Our study has some limitations. Though we used abdominal pain frequency as our a priori
primary outcome measure in this study, others have recommended the usage of abdominal
pain intensity as a primary measure, particularly for pediatric IBS pharmacological
intervention trials.1® However, we note that pediatric self-reported abdominal pain intensity
(as compared to identification of the presence of pain) may not be reliable with low inter-
rater agreement.3° Therefore, we chose abdominal pain frequency in order to provide an
objective assessment of abdominal pain (which has a significant negative impact on children
with IBS) within the context of short interventions, and to maintain consistency with our
previous work evaluating the role of fermentable carbohydrates in children with IBS.4 36
Not all enrolled subjects completed the trial. However, we note that the vast majority of
dropouts occurred during the baseline period and therefore are unlikely to have significantly
affected the dietary intervention results. Another limitation inherent in crossover design
trials relates to a potential carryover effect; however, we note that the minimum 10-day
washout period far exceeded the dietary intervention lengths thus allowing for a return to
symptom baseline prior to the next challenge as recommended by experts in the field.3”

One of the major strengths of this study relates to its prospective, double blind, randomized,
placebo controlled design. This design follows expert recommendations with respect to
dietary intervention trials in functional gastrointestinal disorders.38: 39 Further study
strengths include the use of validated childhood pain and stooling measures, and
psychosocial distress measures. Finally, subjects met Rome 111 pediatric IBS criteria which
is likely to increase the generalizability of the study findings to other children meeting the
same diagnostic criteria.

In conclusion, in children with IBS, dietary fructans exacerbate symptoms including
abdominal pain frequency, bloating, and flatulence. However, not all children are fructan
sensitive and commonly used clinical parameters are not predictive of those who are/are not
fructan sensitive. Further studies are needed in children (and adults) with IBS to better
define factors which contribute to sensitivity to fructans (and other dietary components).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Hydrogen and Methane Gas Production in Children who were Fructan Sensitive vs. Fructan
Insensitive Following A) Fructan Ingestion and B) Maltodextrin Ingestion. Data are
presented as mean + standard deviation.
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Baseline Demographic Characteristics, Gastrointestinal Symptoms, Stooling Characteristics, and Psychosocial

Factors in Children with Irritable Bowel Syndrome Completing Both Dietary Interventions

Baseline Characteristic

Study Cohort (n=23)

Age (years)

Gender

Race

Ethnicity

Pain Frequency (episodes/day)
Pain Severity (0-10)
Bloating (0-10)

Gas (0-10)

Nausea (0-10)

Fatigue (0-10)

Bowel movements per day
Mean Stool Type (1-5) 4
Somatization &
Depression (T-score) €

Anxiety (T-score) €

12422
19 (82.6%) Female/4 (17.4%) Male
20 (87%) White/2 (8.7%) Mixed/1 (4.3%) African-American
12 (52.2%) Hispanic
2721
19+13
09+0.9
14+13
03+04
1.7+18
09+0.5
25+0.7

30.8+15.2
50.0+9.9

56.5 +14.7

Data presented as number (percentage) or mean + standard deviation

aMeasured using the modified Bristol Stool Scale for children

bMeasured using the Childhood Somatization Inventory

DMeasured using the Behavioral Assessment System for Children-2
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Table 2

Page 13

Comparison of Symptoms, Gas Production, and Stooling Habits in children with irritable bowel syndrome
(n=23) during 72-hour Fructan vs. Maltodextrin Interventions

Symptom/Gas Production Fructan

Maltodextrin

P-Value

Pain Frequency (episodes/day) 3.4 +2.6

Pain Severity (0-10)% 27+19
Bloating (0-10)* 1921
Gas (0-10)7 27%29
Nausea (0-10)7 1.0+15
Fatigue (0-10)* 23+20
Hydrogen (ppm*hr.) 617 + 305
Methane (ppm*hr.) 149 + 99
Bowel movements per day 1.0+0.6
Mean Stool Type (1-5) 25+07

24+17
23+16

14+16
19+24
0.8+0.9
18+19

136 +78
133+ 161
08+0.5
26+0.7

<0.01
0.33

<0.001
0.43
0.08
0.56

Two subjects with missing data for these items during both dietary intervention periods.
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Table 3

Page 14

Comparison by Fructan Sensitivity of Baseline Gastrointestinal Symptoms, Stooling Habits, and Psychosocial

Distress in Children with Irritable Bowel Syndrome

Baseline Characteristic Fructan Sensitive (n=12)  Fructan Insensitive (n=11)
Pain Frequency (episodes/day) 2824 26+18
Pain Severity (0-10) @ 16+10 22415
Bloating (0-10) 2 10£10 08+0.8
Gas (0-10) ¥ 0.8+038 20+147#
Nausea (0-10) © 0.2+£0.2 0.3+06
Fatigue (0-10) 2 19+18 15+18
Bowel movements per day 09+0.5 09+04
Mean Stool Type (1-5) 25+0.6 25+0.7
Somatization € 31.1£17.9 305+126
Depression (T-score) & 493+109 506+ 9.4
Anxiety (T-score) 55.5 + 16.4 57.5+13.4

P<0.05 comparison between fructan sensitive and fructan insensitive subjects

aData missing for one individual in fructan sensitive group
b . Lo .

Data missing for one individual in each group
C . . R~

Measured using the Childhood Somatization Inventory

dMeasured using the Behavioral Assessment System for Children-2
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Table 4

Comparison of Baseline Dietary Intake (per day) in fructan sensitive (n=12) vs. fructan insensitive (n=11)
children with irritable bowel syndrome.

Dietary Component  Fructan Sensitive  Fructan Insensitive

Energy (kcal/kg) 41.6£12.0 38.1+13.7
Protein (g/kg) 1.4+0.3 1.4+06
Fat, (9/kg) 1.7+£05 15+0.6
Carbohydrate, (g/kg) 53+18 48+18
Dietary Fiber, (g/kg) 0.3+0.1 0.3+0.1
Glucose, (g/kg) 05+0.2 04+0.2
Fructose, (g/kg) 05+0.3 0.4+0.2
Lactose, (g/kg) 02+0.1 02+0.2
Sucrose, (g/kg) 0.8+0.5 0.7+04
Polyols, (g/kg) 0.01+0.1 0.01+0.01
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