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SUMMARY

Background—A low fermentable oligosaccharides, disaccharides, monosaccharides, and
polyols (FODMAP) diet can ameliorate symptoms in adult irritable bowel syndrome (IBS) within
48 hours.

Aim—To determine the efficacy of a low FODMAP diet in childhood IBS and whether gut
microbial composition and/or metabolic capacity are associated with its efficacy.

Methods—In a double-blind, crossover trial, children with Rome 111 IBS completed a one-week
baseline period. They then were randomized to a low FODMAP diet or typical American
childhood diet (TACD), followed by a 5-day washout period before crossing over to the other diet.
Gl symptoms were assessed with abdominal pain frequency being the primary outcome. Baseline
gut microbial composition (16S rRNA sequencing) and metabolic capacity (PICRUSt) were
determined. Metagenomic biomarker discovery (LEfSe) compared Responders (=50% decrease in
abdominal pain frequency on low FODMAP diet only) versus Non-Responders (no improvement
during either intervention).

Results—Thirty-three children completed the study. Less abdominal pain occurred during the
low FODMAP diet versus TACD (1.1 + 0.2 (SEM) episodes/day versus 1.7 + 0.4, P<0.05).
Compared to baseline (1.4 £ 0.2), children had fewer daily abdominal pain episodes during the
low FODMAP diet (P<0.01) but more episodes during the TACD (P<0.01). Responders were
enriched at baseline in taxa with known greater saccharolytic metabolic capacity (e.g.,
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Bacteroides, Ruminococcaceae, Faecalibacterium prausnitzii) and 3 KEGG orthologs, of which
two relate to carbohydrate metabolism.
Conclusions—In childhood IBS, a low FODMAP diet decreases abdominal pain frequency. Gut

microbiome biomarkers may be associated with low FODMAP diet efficacy.
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INTRODUCTION

Childhood irritable bowel syndrome (IBS) is a common functional gastrointestinal (GI)
disorder affecting up to 20% of school-aged children and characterized by abdominal
discomfort associated with defecation, or changes in stool frequency or stool form.1
Children with functional Gl disorders frequently attribute some of their symptoms to
specific foods, which negatively affect their quality of life.2

Fermentable carbohydrates such as lactose and fructose may be difficult to absorb and have
been blamed for causing symptoms in children with chronic abdominal pain.3 The onset of
these symptoms may be rapid, with an increase in GI symptoms in lactose intolerant adults
with IBS occurring within three hours following a lactose challenge.? The potential role of
fermentable carbohydrates becomes more intriguing given their ever increasing consumption
in the typical American childhood diet (TACD).2> However, controlled carbohydrate
restriction dietary intervention trials in children with IBS have not demonstrated clear
efficacy to date but primarily have focused on the restriction of only one (e.g., lactose)
substrate at a time.® Recently, the low FODMAP (fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols) diet, which comprehensively lowers the intake
of several fermentable carbohydrates concurrently, has been shown to decrease Gl
symptoms in adults with IBS.” The length of time needed for Gl symptom amelioration on a
low FODMARP diet in adult IBS is as little as 48 hours.® A randomized controlled trial of a
low FODMAP diet has not been conducted to date in children with IBS.

Despite the evidence supporting low FODMAP diet efficacy, = 25% of adult IBS subjects
do not improve on the diet.® Although compliance may contribute to low FODMAP
efficacy0, there is little information regarding other factors which may play a role. The
hypothesized mechanism of action of a low FODMAP diet is related to decreased microbial
fermentation of dietary carbohydrate leading to lower luminal osmolality and gas (e.g.,
hydrogen) generation.1! Several adult IBS studies have reported changes in specific stool
bacterial composition while on the low FODMAP diet.12: 13 However none of the studies
have determined whether baseline gut microbiome composition may relate to low FODMAP
diet efficacy or have completed comprehensive metagenomic evaluations of gut microbiome
composition. Being able to predict who will respond to a low FODMAP diet may help avoid
beginning this relatively challenging diet in those unlikely to respond.14

In a small, open label, pilot study, we previously demonstrated the potential benefit of a low
FODMARP diet in children with 1BS.1> Those who responded robustly to the diet were found
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to have a different microbiome composition as compared to those who did not. Given these
results, in a separate group of children, we carried out a randomized, double blind, crossover
trial to determine the effectiveness of a low FODMAP diet in childhood IBS. We
hypothesized that a low FODMAP diet would decrease abdominal pain frequency and that
children who responded to the diet would have a different microbiome composition and
associated microbial metabolic capacity as compared to those who did not respond.

Children, ages 7 to 17 years, with Pediatric Rome I11-defined IBS determined by completion
of the pediatric Rome I11 GI symptom questionnaire were eligible. Potential subjects were
identified by screening referrals to tertiary pediatric gastroenterology care for chronic
abdominal pain and via community newsletters and internet advertisements. Parents and
children were further screened by phone for inclusion and exclusion criteria and to establish
current symptoms prior to enrollment as previously described.1® Study recruitment began
September 2011 and ended December 2013. Baylor College of Medicine Institutional
Review Board approval was obtained. The study was registered as ClinicalTrials.gov
identifier NCT01339117.

General Design

Subjects completed a 7-day period in which they continued ingesting their habitual
(baseline) diet (Figure 1). Following this baseline period, we employed a randomized,
double-blind, crossover study design. Subjects received either a low FODMAP or typical
American childhood diet (TACD) for 48 hours. After 48 hours on the first assigned diet,
they returned to their habitual diet for 5 days. Following this 5-day washout period, they
were crossed over to the other intervention diet for 48 hours. The randomization scheme was
computer generated (www.randomization.com) with blocks of ten without stratification and
with access to the scheme only provided to the United States Department of Agriculture
(USDA) Children’s Nutrition Research Center (CNRC) research dietitian.

Stool Collection

Diets

A stool sample was collected while the subjects were on their habitual diet (baseline period)
as previously described.16 Briefly, a stool “hat” was placed on the toilet to capture the stool.
The stool was immediately transferred to a sterile container and placed in the subjects’
freezer. The stool then was transported on ice via courier to the investigators and stored at
-80° C.

FODMAPs were defined as previously described.8 The low FODMAP diet contained 0.15
g-kg~L-day~! (maximum 9 g/day) of FODMAPs. The TACD contained 0.7 g-kg~1-day~?
(maximum 50 g/day) of FODMAPs. Subjects were not informed that FODMAP content was
being altered between the two provided diets. The meals were prepared at the USDA CNRC,
and we attempted to match the two study diets with the baseline diet in terms of daily
number of calories, protein, fat, and type of liquid/food consumed. Foods were selected from
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a general checklist of acceptable options that the child and a parent agreed could be
consumed. When possible the same type of food or drink with different FODMAP content
was provided during both dietary interventions. For example lactose-free vs. lactose
containing milk or diet soda (with less fructose) vs. regular soda of the same brand were
provided. At times, due to child preference, foods containing fats such as meats were
increased to provide extra calories in cases where the FODMAP diet precluded adding more
carbohydrate containing food. Children were provided a list of low FODMAP foods to
consume if they remained hungry. The prepared foods were delivered to the subjects’
residence for consumption. Following each diet, all food containers were returned to the
CNRC and weighed to calculate the amount of food consumed during each dietary period.
The Nutrition Data System for Research (University of Minnesota) version 2012 was used to
analyze the food records.

The primary outcome measure (number of pain episodes) was captured through a Pain and
Stool Diary over 24-hour periods for the seven days of the baseline period and for the two
days of each dietary intervention.1” Abdominal pain location, severity, and duration were
captured over three 8-hour time periods daily as previously described.1” Pain severity was
measured on a 0-10 Likert scale with 0 being "no pain at all" and 10 representing the "worst
pain you can imagine.”17 Stools were characterized using the modified Bristol stool form
chart for children.18 Children were subtyped based on stool form.1

Secondary outcome measures included associated daily GI symptoms (abdominal
discomfort, bloating, flatus, nausea, heartburn) captured using a 0-10 Likert scale with 0
being “none” and 10 being “the worst.” A composite Gl symptom score was calculated by
summing the associated daily GI symptoms in a manner consistent with other investigators
evaluating dietary interventions.’

A food record was kept for three days during the baseline period and during each day of the
intervention periods as previously described.1> The dietary components measured are shown
in Table 1.

On the second day of each dietary intervention period, subjects collected hourly breath
samples for hydrogen and methane. Samples were collected for = 8 hours, up to 15 hours.
Breath samples were collected using a standard collection kit (Kidsampler System®,
Quintron Instrument Co., Milwaukee, WI) and were analyzed for hydrogen, methane, and
carbon dioxide (for normalization) as previously described (MicroLyzer® Model SC,
QuintTron Instrument Company, Milwaukee, W1).1> Three children did not complete the
breath testing and were not included in the gas production analyses.

Composition and Metabolic Capacity

DNA extraction, bacterial 16S rRNA gene amplification, and 454 sequencing of 16S rRNA
gene libraries were performed at the Texas Children’s Microbiome Center as previously
described.1® In brief, DNA was extracted from stool samples using a commercial DNA
extraction kit (MO-BIO PowerSoil® DNA Isolation Kit, MO-BIO Laboratories) following
the modified protocols described by the Human Microbiome Project.1? Individual sequence
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libraries were generated using bar-coded primers targeting the VV3-V5 region of the 16S
rRNA gene. Following emulsion PCR, the PCR products were pooled and sequenced on the
GS-FLX platform (454 Life Sciences/Roche).

The pooled sequence data were quality filtered, parsed by barcode, and screened for
chimeras using the Quantitative Insights Into Microbial Ecology (QIIME) software package
v 1.7.0.20 Sequences were screened for chimeras using the ChimeraSlayer algorithm?!, and
all potential chimeras were excluded from downstream analysis. Sequences with lengths
shorter than 200 bp, average quality scores <20, ambiguous base calls, or mismatches to
their barcode or sequencing primer also were excluded from downstream analysis. The
quality filtered sequences were assigned to operational taxonomic units (OTUs; sequences
that share 297% similarity) using a closed reference approach in QIIME with the UCLUST
algorithm?2 and Greengenes reference database (version 13_5).23 In cases where more than
one OTU was assigned to the same organism at the species level, re-evaluation of all
individual sequences belonging to those OTUs was performed using the UCLUST algorithm
to confirm that the correct taxonomic attribution was made.

An average of 5570 high quality 16S rRNA gene sequences were generated per stool sample
(range: 2757-13194). Given the variation in library size and the potential for differences in
sequencing depth to bias the calculation of diversity metrics, each library was randomly
subsampled to contain 2700 sequences. All results presented here are based on these
subsampled libraries. Alpha diversity metrics, including OTU richness, Shannon H, and the
reciprocal Simpson index (1/D) were calculated using QIIME. Beta diversity metrics,
including (UniFrac weighted or un-weighted), were calculated in QIIME.

Phylogenetic Investigation of Communities by Reconstruction of Unobserved States
(PICRUSI) was used to generate functional metagenomic predictions by linking taxonomic
information from the 16S rRNA gene sequences to KEGG (Kyoto Encyclopedia of Genes
and Genomes) annotations of reference genomes.24 25 Orthologs of interest were evaluated
by accessing their descriptive information at http://www.genome.jp/kegg/ko.html (date
accessed: February 2, 2015).

Full sequence libraries were deposited in the National Center for Biotechnology Information
Sequence Read Archive.

Statistical Analyses

The primary outcome measure was the number of daily abdominal pain episodes during
each of the dietary intervention periods versus the baseline period. Abdominal pain scores
are frequently used as primary outcome measures in childhood irritable bowel syndrome
trials.2% Secondary outcome measures included median pain severity, the composite Gl
symptom score, and breath hydrogen and methane production during each of the dietary
intervention periods versus the baseline period.

For gut microbiome biomarker analysis, Responders were classified as subjects who had a
>50% decrease in the number of daily abdominal pain episodes during the low FODMAP
dietary arm of the study and not to the TACD intervention. Non-Responders were classified
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as subjects who lacked = 50% decrease in the frequency of abdominal pain episodes as
compared to baseline during both the low FODMAP and TACD interventions. Subjects who
had = 50% decrease in frequency of abdominal pain episodes to both the low FODMAP and
TACD interventions as well as those who had =50% decrease in frequency of abdominal
pain episodes with the TACD intervention alone were classified as Placebo-responders.27: 28
A =50% decrease was chosen per recommendations for outcomes in IBS studies and in
parallel with our previous work.15: 29

Linear discriminant analysis effect size (LEfSe) (http://huttenhower.sph.harvard.edu/galaxy)
was used to identify differences in taxa composition and KEGG orthologs between
Responders and Non-Responders.30 LEfSe analysis includes a nonparametric factorial
Kruskal-Wallis rank sum test to detect taxa with differential abundances.30 Linear
discriminant analysis with bootstrapping more than 30 cycles was used to determine a linear
discriminant analysis score to estimate the effect size between the two groups.3° Alpha
values of 0.05 were used with a threshold on the logarithmic score of linear discriminant
analysis being = 2.0 as published and used by others in the field.30: 31

IBM Statistics (SPSS, version 22; Armonk, NY) was used for statistical evaluation.
Comparisons between dietary intervention periods and between each dietary intervention
period and baseline used paired Wilcoxon (continuous variables) and McNemar’s testing for
categorical variables. Only those completing both dietary interventions were included in the
analysis. Data from the second day of each intervention was used as was convention at the
time of the study.8 The number of abdominal pain episodes at baseline was normalized to a
per day value to allow direct comparison to the test diets. Data are presented as mean +
standard deviation for parametric data or median (25-75% range) for non-parametric data
unless otherwise specified. P-values <0.05 were considered statistically significant.

Based on previous work demonstrating that children with IBS had on average 0.5 £ 0.4
episodes of abdominal pain per dayl” and identifying a 50% change in the frequency of
abdominal pain as being clinically significant, we had estimated 33 children would be
needed to complete the crossover trial with an a=0.05 and power of 90% to detect a
significant difference.

RESULTS

Fifty-two children were enrolled in this study, and 33 completed both arms of the crossover
trial (Figure 1). The majority of dropouts (74%) left the study prior to the start of any dietary
intervention (i.e., during the baseline period). The remaining dropouts did not complete the
Pain and Stool Diary (Figure 1). Of those completing the trial, 22 (67%) were female and
mean age was 11.5 + 3.0 yrs. There were 22 (66.6%) Caucasians, 10 (30.3%) Blacks, and 1
(3.0%) Asian. Eleven (33%) were of Hispanic ethnicity. IBS subtypes included: 24 (72.7%)
IBS-Constipation, 3 (9.1%) IBS-Unsubtyped, 3 (9.1%) IBS-Mixed, and 3 (9.1%) IBS-
Diarrhea.
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Comparison of Dietary Interventions (Table 1)

Seventeen children began with the TACD, and 16 began with the low FODMAP diet. No
adverse events were reported while on either diet. Compliance based on food records and
weigh-ins between the TACD and low FODMAP diet was similar (85.2% + 15% and 90.7%
+ 10.8%, respectively).

Gastrointestinal Symptoms and Stooling

Children had fewer daily abdominal pain episodes during the low FODMAP as compared to
the TACD dietary intervention (1.1 + 0.2 (SEM) vs. 1.7 + 0.4 pain episodes per day,
respectively; P<0.05). Compared to baseline (1.4 + 0.2 pain episodes per day), children had
fewer daily abdominal pain episodes during the low FODMAP diet (P<0.01) but more
episodes during the TACD dietary intervention (P<0.01). Median pain severity decreased on
the low FODMAP diet [1 (0-4), P<0.001) and TACD [2.5 (0-4), P<0.01] as compared to
baseline [4 (2.5-6)]. Eight subjects were categorized as Responders (had significant
improvement on the low FODMAP diet only), 15 as Non-Responders (did not have
significant improvement on the low FODMAP or TACD), and 10 as Placebo-responders
(improved on both diets or only on the TACD diet).

The total composite GI score was lower on the low FODMAP diet versus TACD diet (5.8 =
6.2 versus 7.3 £ 6.4, respectively, P<0.05). However the composite GI symptom score was
not significantly different from baseline (6.2 + 6.0) during either the low FODMAP or
TACD diet.

Gas Production

Breath hydrogen production was lower during the low FODMAP diet versus TACD diet
(Figure 2a). Methane production did not differ between the two dietary periods (Figure 2b).
Breath hydrogen production did not correlate with abdominal pain frequency during either
dietary intervention period (data not shown).

Responders tended to have greater hydrogen production (ppm*hour) versus Non-responders
during the TACD (13,922 + 6170 versus 9356 + 2681, respectively; P=0.08). No differences
in hydrogen production were noted between Responders versus Non-Responders during the

low FODMAP Diet (10,357 + 3158 versus 8632 + 3493, P=0.37). There were no significant
differences with respect to methane production between the two groups (data not shown).

Microbiome Signatures in Responders versus Non-responders

LEfSe analysis identified 63 microbial OTUs enriched in Responders at baseline, of which
21 had a log9 LDA score greater than 2.5 (Table 2) and 4 OTUs enriched in Non-
Responders at baseline (Table 3). Responders to the low FODMAP diet were enriched at
baseline in several OTUs with greater saccharolytic metabolic capacity within the family
Bacteroidaceae (e.g., Bacteroides), order Clostridiales (e.g., Ruminococcaceae, Dorea, and
Faecalibacterium prausnitzi) and family Erysipilotrichaceae (e.g., cc_115). The multiple
OTUs assigned to F. prausnitzii in Responders were examined further and found to have a
0.003% erroneous sequence attribution, with all errors correct to the family level of
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Ruminococcaceae. Non-Responders were uniquely enriched at baseline in the genus
Turicibacter from the family Turicibacteraceae.

LEfSe analysis identified 3 KEGG orthologs enriched at baseline in Responders (Table 4).
Two of these three KEGG orthologs are related to FODMAP carbohydrate metabolism
(Lacl family transcriptional regulator and alpha-N-arabinofuranosidase) with alpha-N-
arabinofuranosidase in particular being related to metabolism of carbohydrates found in
wheat which are specifically avoided on the low FODMAP diet.”- 32 No KEGG orthologs
were found to be enriched at baseline in Non-Responders.

There were no significant differences in microbial alpha diversity (Supplemental Table 1) or
beta diversity between Responders and Non-Responders. No differences were found in
baseline dietary composition between Responders and Non-Responders (data not shown).

DISCUSSION

Identifying effective therapies for children with IBS and determining which children are
more likely to respond to a particular therapy is an important goal. To our knowledge, this
study is the first controlled, double blind, randomized trial evaluating the efficacy of a low
FODMARP diet in children with IBS. Equally important, we demonstrated that both baseline
gut microbiome composition and microbial metabolic capacity are associated with
FODMAP diet efficacy. If confirmed, these findings may pave the way toward personalized
IBS dietary interventions and allow individuals to proceed with or avoid a dietary
intervention in which adherence may be challenging.1*

Subsequent to completing our study, Halmos et al. reported a double blind, randomized,
crossover trial of an extended low FODMAP diet in adults with IBS.” They showed an
increasing ameliorating effect of a low FODMAP diet on pain symptoms beginning within
the first day and increasing over the first seven days with a subsequent relative plateau over
the next 14 days.’ Based on Halmos’ data, a longer intervention timeframe in our study may
have allowed for a greater effect size to emerge. Nonetheless, our findings of an
amelioration in symptoms within 48 hours are further supported by a similarly designed
randomized, crossover adult IBS trial.® Furthermore, as in our study, Halmos et al. found an
improvement in symptoms in those with IBS of different subtypes’, suggesting potential
benefit irrespective of IBS subtype. Controlled studies evaluating the long term usage of a
low FODMAP diet (i.e., several months or more) and subsequent effect on GI symptoms,
gastrointestinal physiology, and microbiome composition and function within children and
adults with IBS of various subtypes remains to be done to ensure long-term efficacy and
safety.33

One of the presumed mediators of low FODMAP diet efficacy is the gut microbiome.? It is
believed that the low FODMAP diet results in decreased microbial fermentation and thus,
less production of gas and osmotically active metabolites.11- 34 Responders were enriched
prior to the start of any dietary interventions in microbes from several taxa such as
Bacteroides, Ruminococcaceae, and Dorea which have a large number of carbohydrate-
active enzymes and as such may have greater saccharolytic potential.3® 36 Similarly, several
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OTUs assigned to Faecalibacterium prausnitzi also were found to be enriched at baseline in
Responders. This species, which may be an indicator of intestinal health,3’ is also able to
ferment complex carbohydrates, such as inulin, which are avoided in the low FODMAP
diet.38 Our findings suggest that identification of microbiota with greater saccharolytic
capacity may serve as a biomarker for who may respond most robustly to FODMAP
avoidance.

We found that members of the genus Turicibacter were uniquely enriched prior to the start
of any dietary interventions in Non-Responders. Though these bacteria also have
carbohydrate fermentative activity, particularly of grains fed to ruminant animals,39 their
ability to ferment carbohydrates avoided in the low FODMAP diet may be limited.
Turicibacter were recently found to decrease in abundance in mice fed fructo-
oligosaccharides.4° In addition, a Turicibacter species was found to have specific
carbohydrate requirements for growth including maltose and 5-ketogluconate.?! Our finding
suggests Non-Responders to the diet may be enriched in bacteria prior to the start of the diet
which are not well suited to ferment carbohydrates included in the FODMAP group. Future
studies investigating gut microbiome composition more comprehensively, including non-
bacterial microbiota such as fungi, and function at baseline and in response to a low
FODMARP diet intervention in Responders vs. Non-Responders will help further elucidate
the mechanism of the diet and may identify further therapeutic targets.#2 43

KEGG orthologs predicted to be enriched in those who became Responders included two
related to carbohydrate metabolism. The majority of Lacl transcription factors regulate
carbohydrate utilization genes and allow for expression of these genes when the appropriate
substrate or environmental condition is present.4 45 Alpha-N-arabinofuranosidase acts on
several substrates including arabinogalactans which may be found in foods such as wheat
flour, an avoided food in the low FODMAP diet.32 The potential enrichment of these
carbohydrate-related KEGG ortholog groups supports the premise that Responders likely
have a gut microbiome with greater FODMAP saccharolytic potential.

As seen in an adult IBS trial, we found decreased hydrogen production during the low
FODMARP diet as compared to the TACD.8 These findings suggest a difference in microbial
fermentative metabolism that occurs as a function of diet. We found gas production did not
correlate with pain frequency. Gas production may potentially be a fermentation marker
rather than a direct inducer of symptoms. Other potential mechanisms for symptom
generation include other microbial fermentation-derived metabolites (e.g., short chain fatty
acids, bile acids) which may affect intestinal mucosal immune and barrier function.*® Host
factors such as visceral hypersensitivity also may play a role.4” Adults with 1BS-D with
lactose intolerance were found to have increased rectal sensitivity, serum tumor necrosis
factor-alpha, and gut mucosal inflammatory cells following lactose challenge versus healthy
controls with lactose malabsorption.*8 Whether these findings apply to children with IBS
remains to be elucidated.

Subjects with IBS have a placebo response rate similar to that seen in organic Gl and
chronic pain disorders, and this may be a significant confounder of intervention efficacy.2’
A crossover study design represents a traditional method by which the placebo response can
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be measured with subjects serving as their own control.#® Through this we determined who
specifically responded to the low FODMAP diet and also were able to determine who
specifically did not respond to any intervention. Children who responded to both dietary
interventions or to the TACD were treated as Placebo-responders.2”- 28 Through this method
we feel we were able to best approach the subsequent microbiome-related investigations
consistent with recommendations by experts in the field.>0

There are several strengths to our study. Strengths include a rigorous randomized, crossover,
double blind design limiting bias. In addition, the study was prospective, using a validated
pain and stool diary throughout. Another strength was provision of food to the subjects,
resulting in good compliance. Study limitations included not having all enrollees complete
the crossover study. We feel this may potentially be related to reluctance to carry out the
protocol tasks given the vast majority dropped out before starting either of the dietary
interventions thereby limiting the impact of dropouts on the results. Another limitation may
be potential issues with the washout period in crossover studies. However, while dramatic
dietary interventions have been shown to induce rapid changes in microbiome composition
and metabolites, these measures return to baseline values within 5 days when returning to a
habitual diet.5! In addition, we did not see a significant effect of diet order (i.e., low
FODMAP or TACD first) in Responders. As such, the washout period used in our study is
likely to have been adequate. Despite our best efforts to match the two diets in as many
aspects as possible, another limitation may be differences in taste or other contents outside
of FODMAP carbohydrates that may have affected outcomes. Future studies may consider
providing identical foods but varying FODMAP content through liquids which are made to
taste similarly. Finally, the study was conducted at a single center and future studies
conducted at other institutions will lend greater generalizability to the results.

In conclusion, a low FODMAP diet appears to ameliorate GI symptoms in children with
IBS. Those who responded robustly to the diet appear to have a different baseline
microbiome composition, with greater saccharolytic capacity, than those who do not respond
to a low FODMAP diet. Future research may determine whether evaluation of the gut
microbiome may lead to personalized low FODMAP or other dietary intervention therapy in
those with IBS.

Supplementary Material

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

A\

Excluded n=1
Did not complete Diary

Trial flow sheet. FODMAP = fermentable oligosaccharides, disaccharides,
monosaccharides, and polyols. TACD = typical American childhood diet.
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Figure 2.
A) Comparison of hydrogen and B) methane gas production during the second day of the

low fermentable oligosaccharides, disaccharides, monosaccharides, and polyols (FODMAP)
diet versus a typical American childhood diet (TACD).
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Nutritional Composition by Component of the Provided Low FODMAP and Typical American Childhood

Diet in a Randomized Crossover Study in Children with IBS

Component Low FODMAP | Typical American
Diet Childhood Diet
Energy, kcal 1801 + 69 1800 + 56
Protein, g 76.5+3.9 70.2+£2.6
Fat, g 635+29% 52.1+2.1
Carbohydrate, g 2395+94# 268.8 +10.9
Dietary Fiber, g 202+1.1 16.8+0.7
Glucose, g 234+16 " 342+22
Fructose, g 211+16" 57.9+4.1
Lactose, g 13+10" 41+06
Sucrose, g 31.1+20 343+17
Maltose, g 3.2+£0.2 35+0.2
Polyols, g 0806 " 44+£03
Mean + SEM

FODMAP = fermentable oligosaccharides disaccharides monosaccharides and polyols Paired t-test analysis

# . . . .
= P<0.05 comparison to typical American diet

*

=P<0.001 comparison to typical American diet
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Table 2

Operational Taxonomic Units (OTUs) with Assigned Taxonomy by Lowest Taxonomic Rank Enriched at
Baseline in Responders (n=8) versus Non-Responders (n=15) to a Low FODMAP diet per Linear
Discriminant Analysis (LDA) Effect Size Analysis. OTUs with LDA scores (log 10) greater than 2.5 are
included. OTUs are best matches and not all OTUs could be identified to the species level.

OoTU Taxa LDA Score | P-value
2921213 | Bacteroides (genus) 411 .0054
358781 Ruminococcaceae (family) 3.98 .0048
175441 Faecalibacterium prausnitzii (species) | 3.53 .032
178081 Ruminococcaceae (family) 3.49 .025
4446898 | Bacteroides (genus) 3.48 .042
297057 Bacteroides (genus) 3.22 .013
4417335 | Bacteroides (genus) 3.14 .03
187505 Dorea (genus) 3.1 .048
171559 Bacteroides (genus) 3.06 .015
4463532 | Clostridiales (order) 2.86 .023
175175 Lachnospiraceae (family) 2.78 .047
3991008 | Faecalibacterium prausnitzii (species) | 2.77 .025
4143073 | Clostridiales (order) 2.7 .032
4342682 | Faecalibacterium prausnitzii (species) | 2.66 .046
180341 Dorea (genus) 2.64 .048
183267 Lachnospiraceae (family) 2.62 .047
565289 CC_115 (genus) 2.62 .048
177878 Faecalibacterium prausnitzii (species) | 2.6 .038
136526 Erysipelotrichaceae (family) 2.57 .078
341724 Ruminococcaceae (family) 2.53 .0065
157631 Ruminococcaceae (family) 2.52 .048
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Operational Taxonomic Unit (OTU) with Assigned Taxonomy by Lowest Taxonomic Rank Enriched at
Baseline in Non-Responders (n=15) versus Responders (n=8) to a Low FODMAP diet per Linear
Discriminant Analysis (LDA) Effect Size Analysis. OTUs are best matches and not all OTUs could be

identified to the species level.

OoTU Taxa LDA Score | P-value
4358723 | Bacteroides (genus) | 2.8 .033
347529 Turicibacter (genus) | 2.65 .026
17859 Clostridiales (order) | 2.6 .044
248902 Turicibacter (genus) | 2.59 .015
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Kyoto Encyclopedia Genes and Genomes (KEGG) Orthologs as Identified by Phylogenetic Investigation of
Communities by Reconstruction of Unobserved States (PICRUSt) Enriched at Baseline in Responders (n=8)
versus Non-Responders (n=15) to a Low FODMAP Diet per Linear Discriminant Analysis (LDA) Effect Size

Analysis.
KEGG Ortholog Description LDA Score | P-value
K02529 Lacl family transcriptional regulator | 2.23 .028
K01209 Alpha-N-arabinofuranosidase 2.11 .045
[EC.3.2.1.55]
K03496 Chromosome partitioning protein 2.03 .024
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