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ABSTRACT

Background & Aims: It might be possible to manipulate the intestmatrobiota with

prebiotics or other agents to prevent or treat ibpdsowever, little is known about the ability of
prebiotics to specifically modify gut microbiota a¢hildren with overweight/obesity or reduce
body weight. We performed a randomized controlied to study the effects of prebiotics on
body composition, markers of inflammation, biledscin fecal samples, and composition of the

intestinal microbiota in children with overweight @besity.

Methods: We performed a single-center, double-blind, di@ceontrolled, triabf 2 separate
cohorts (March 2014 and August 2014) at the Unityecd Calgary in Canada. Participants
included children, 7 — 12 years old, with overweighobesity (>85th percentile of body mass
index) but otherwise healthy. Participants weralcmnly assigned to groups given either
oligofructose-enriched inulin (Ol, 8 g/day; n=22)maltodextrin placebo (isocaloric dose,
controls; n=20) once daily for 16 weekst mass and lean mass were measured using dual-
energy-x-ray absorptiometry. Height, weight, andsiveircumference were measured at baseline
and every 4 weeks thereafter. Blood samples wdkected at baseline and 16 weeks, and
analyzed for lipids, cytokines, lipopolysaccharided insulin. Fecal samples were collected at
baseline and 16 weeks; bile acids were profiledgibigh-performance liquid chromatography
and the composition of the microbiota was analyzed6S rRNA sequencing and quantitative

PCR. The primary outcome was change in percent taidyom baseline to 16 weeks.

Results After 16 weeks, children who consumed Ol hadifiitant decreases in body weight z-
score (decrease of 3.1%), percent body fat (deermafa®.4%), and percent trunk fat (decrease of
3.8%) compared to children given placebo (incred€e5%, increase of 0.05%, and decrease of
0.3%, respectively). Children who consumed Ol &lad a significant reduction in level of

interleukin 6 (IL6) from baseline (decrease of 15%npared with the placebo group (increase



in 25%). There was a significant decrease in sdrighycerides (decrease of 19%) in the Ol
group. Quantitative PCR showed a significant insegaBifidobacterium spp. in the Ol group
compared with controls. 16S rRNA sequencing reksignificant increases in species of the
genusBifidobacterium and decreases Bacteroides vulgatus within the group who consumed

Ol. In fecal samples, levels of primary bile adigdsreased in the placebo group but not in the Ol

group over the 16-week study period.

Conclusions:In a placebo-controlled, randomized trial, we fdanprebiotic (Ol) to selectively
alter the intestinal microbiota and significantduce body weight z-score, percent body fat,
percent trunk fat, and serum level of IL6 in chddwith overweight or obesity.
Clinicaltrials.gov no: NCT02125955.

KEY WORDS: inulin-type fructans; pediatric obesity; BMI; aoisity



The largest community of microbes in the human ofiota reside in the gut and
through a symbiotic relationship with the hostymarole in maintaining health and metabolic
homeostasis including the production of a diversayeof metabolites. Dysbiosis is associated
with the promotion or aggravation of chronic metabdiseases including obesity and type 2
diabetes (T20) One trigger for metabolic disease relates taytitemicrobiota’s role in
modulating inflammation whereby elevated circulgtiipopolysaccharide (LPS), which is
exacerbated by a high-fat or high-fructose dietuges a low-grade inflammatory state termed
metabolic endotoxemia". A shift in metabolite production is also observeith dysbiosis, this
is particularly true for fecal bile acids (FBA) wehi require the gut microbiota for
transformatio” From a clinical stand point there is great irgene determining if modulating
the gut microbiota is a viable strategy to mandagesdy and improve metabolic health.

Consumption of prebiotics, which are non-digestiblad ingredients that are utilized by
gut microorganisms and beneficially affect hostgiblpgy, is one such strateéfy Microbial
shifts in response to prebiotic intake have largeiytered on changeshifidobacterium and
Lactobacillus, two common genera that may be increased withigieb and are associated with
their beneficial effects on host heélthlowever, with the understanding that global comityu
structure and microbial diversity is important fiotestinal and host health, there is a need to
examine broader microbial changes that occur iparese to prebiotics, for example with
sequencing approacHe3 his approach is lacking in studies with children

In a systematic review of clinical trials, preb@antake was associated with a significant
improvement in satiety, postprandial glucose asdlin concentrations in adult subjécts
Consumption of an inulin/oligofructose blend hasoabeen shown to increaBdidobacterium

spp. andraecalibacterium prausnitzii, which both negatively correlated with LPS and



Bifidobacterium spp. negatively correlated with percent fat masslaw-density lipoprotein
cholesterdl'®. These promising outcomes in adults justify treeasment of prebiotics as a
dietary intervention to modulate gut microbiota ametabolic outcomes in pediatric obesity.

Excess weight in childhood tends to persist intoltadod and is an early risk factor for
obesity-associated morbidity and mortality, hightigg the importance of early interventfon
The potential for prebiotics to influence body weig children was suggested by the slowed
rate of weight gain observed in a trial assessorglined prebiotic and calcium intake in non-
obese healthy childréh™® To date, however, there is no research assetsgirtgtality of
changes in gut microbiota in children with overweignd obesity with prebiotic intervention.
There is also limited research assessing globabimi@l composition of children with
overweight and obesity with or without an intervent Therefore, our objective was to assess
the effect of prebiotic supplementation on gut widota, FBAs and associated metabolic
outcomes (body composition, serum inflammatory reesklipid profile and fasting glucose and
insulin concentrations) in otherwise healthy cleldiith overweight and obesity.
MATERIALS AND METHODS
Subjects

Male and female children, aged 7-12 years with wegght or obesity> 85" body mass
index (BMI)-percentile) were voluntarily recruitém Calgary, Canada. This was a single
centre, double-blind, placebo-controlled trial cocigéd in two separate cohorts (March 2014 and
August 2014) at the University of Calgary. Follogiscreening, subjects were randomly
assigned using computer generated numbers (andietiraccording to age, sex and BMI) to
either prebiotic oligofructose-enriched inulin (@F) placebo control maltodextrin for 16 weeks.

The randomization was performed by an investigttat did not interact with the subjects, and



one research assistant was responsible for aluptatistribution. Randomization sequences
were not revealed to the study staff. Subjectsrasdarch staff were blinded to the treatments
which were provided in identical foil packets. Rdsécare givers completed a health and
lifestyle questionnaire on behalf of the subjeotagsess eligibility. Eligible subjects were
otherwise healthy children with85" BMI-percentile at a Tanner developmental stage
(assessed by physical exam by a pediatric enddogisb from the Alberta Children’s Hospital,
Calgary, Canada). Exclusion criteria included typ® 2 diabetes, liver disease, cardiovascular
abnormalities, supplement or medication use inftirenappetite, weight or metabolism,
currently following a weight loss diet, > 3 kg whtdoss 12 weeks prior to the initial test day,
extreme changes in exercise intensity 4 weeks,prraantibiotic use < 3 months prior.

This study, which was powered on the primary olbyeabdf reduction in percent body fat
with 80 percent power arml= 0.05, required a minimum of 18 subjects per gtolAn
additional 4 subjects were added per group to cosgte for a potential 20% drop out Pate
Ethics approval was received from the Conjoint HeRlesearch Ethics Board at the University
of Calgary REB13-0975. Written and informed consent was mtediby the parents and verbal
assent was provided by the subjects prior to tiialitest day.

Dietary intervention

Subjects were randomized to consume either 8 d&ag kcal/d) of Ol, (Synergyl®;
BENEO GmbH, Mannheim, Germany) or an isocaloricedois3.3 g/day of maltodextrin
placebo (Agenamalt 20.222, Agrana Starch, Konst@egmnany). Maltodextrin has a similar
taste and appearance to Synergyl® and has beepneséausly in prebiotic trial§ The
prebiotic and placebo were consumed as a powdepranweted to participants in pre-weighed

individual packets. Participants and their pargnt@re instructed to dissolve an entire packet in



250 ml of water in a provided reusable water boftleey were instructed to consume half the
dose for the first 2 weeks, to promote adaptatimhraitigate gastrointestinal symptoms, and the
full dose for the remaining 14 weeks, 15-20 minygesr to their evening meal. Empty and
unused packets were returned to measure compli@urenbjective was to examine the effects
of the prebiotic supplementation independent of @hgr lifestyle changes therefore subjects
purchased their own food, were instructed to et comfortably full and maintain their usual
level of physical activity. An informal interviewas conducted at the end of the study to assess
if subjects and their parents remained blindedughout the study.
Physical characteristics and body composition

Fat mass and lean mass were measured using whiyedbal-energy-x-ray
absorptiometry (DXA) (Hologic QDR 4500, Hologicclp Bedford, MA, USA). Android and
gynoid fat was estimated using the Hologic QDRwafe according to Arnberg et'@lThe
android to gynoid fat ratio (A:G) was calculatedasdroid fat mass/gynoid fat mass]. Height,
weight and waist circumference were measured itichip at baseline and every 4 weeks
thereafter. Height and weight z-scores were caledlasing the Baylor College of Medicine-
Body Composition Laboratory: Pediatric Body Compiosi Reference Charts online
calculatof®. To track physical activity, subjects completed @odin’s Leisure-Time Exercise
Questionnair¥ at the initial, mid and final test days.
Blood analysis

A fasted blood sample was obtained at the basehddinal test days. Serum lipids were
analyzed by Calgary Lab Services (Calgary, Can&kxum inflammatory cytokines were
guantified using Human Adipokine Milliplex kits (Mpore, St. Charles, MO, USA) and

Luminex instrument at Eve Technologies (Calgary, 88nada). Plasma LPS was measured



using the Pyro-Gene Recombinant Factor C Endotortection assay (Lonza Group Ltd.,
Basel, Switzerland) and fasted plasma glucose ubs@lucose Trinder assay (Stanbio
Laboratory, Boerne, TX, USA). Fasting insulin wasqtified using a Human Insulin ELISA kit
(Millipore) and insulin resistance estimated udiing homeostatic model assessment for insulin
resistance 2 (HOMA2-IR§.
Fecal bile acid analysis

Fecal bile acids were profiled using high-perforegfiquid chromatograpf; Briefly,
lyophilized, powdered fecal samples (10-20 mg) veergpended in water (250 pL) and heated
for 10 min at 99C. Samples were cooled then incubated for 16 7% after adding 250 pL of
sodium acetate buffer (100 mM, pH 5.6) containibguhits of cholylglycine hydrolase and 150
units of sulfatase. Isopropanol (500 pL) and 1 MON&(100 pL) were then added and alkaline
hydrolysis was performed by incubating 2.5 h #@G0An internal standard (nordeoxycholic
acid, 50 nM) and 3 mL of 0.1 M NaOH was added aBA$were extracted through
ultrasonication for 1 h. After centrifugation, thepernatant was collected and cleaned using a
Sep Pak tC18 cartridge where the FBAs were elutgdGumL of methanol. The eluate was
dried under Speedvac at’@ The unconjugated FBAs were derivatized by addi@uL of
triethylamine (10 pL/mL) and 2-acetobromophenoriertig/mL) to their 24-phenacyl esters
under ultrasonication for 1.5 h at%D The derivatized FBAs were further cleaned usirfggp-
Pak silica cartridge and the eluate was dried uBgeedvac at 3C. The derivatized samples
were suspended in 82% methanol and filtered threugtikDa centrifuge filter before injecting
into the HPLC. Individual BA 24-phenacyl esters &vdetected atysanm

Gut bacterial community profiling — 16S rRNA guantitative PCR



Subjects and parent(s) were instructed to collstbal sample preferably the evening
before but up to 3 days prior to the baseline amal fest days using a stool collection kit. Stool
was placed in a sterile conical tube and storedbiohazard bag in the participant's home
freezer. Samples were brought to the laboratorig@@and stored at -80°C until analysis. Total
bacterial DNA was extracted using FastDNA SpinflitFeces (MP Biomedicals, Lachine, QC,
Canada) and quantified using the Nanodrop 2000r(ibé-isher Scientific Inc., Waltham, MA).
All samples were diluted to 4 nd/ prior to storage at -30°C. Amplification and dsten was
conducted in 96-well plates with SYBR Green gPCRstdaMix (BioRad, Hercules, CA)
according to our previous wdfkusing group specific primer's
Gut bacterial community profiling — 16S rRNA lllumi na sequencing

Ethanol precipitation was performed on extractedtdyaal DNA to ensure a purified
sample. Quantification was performed using QudiNa assay (Life Technologies, Grand
Island, NY) and diluted to 5 ngl. working concentration. Microbial profiling was mducted
using the lllumina MiSeq platform, according to themina 16S Metagenomics Sequencing
Library Preparation protocol and in accordance withprevious work (Centre for Health
Genomics and Informatics, Calgary, AB, Canada)nBry PCRs amplified the V3-V4 region of
the 16S rRNA gene and secondary PCRs attachedmdiieeds to amplified regions with
manufacturer recommended prinférSequencing was performed with dual indexed p8Gai
bps. Results were approximately 20 million totalde
Gut bacterial community analysis - 16S rRNA Illumina sequencing

Due to poor merging between the primers, the V®regas selected for the analysis as
it consisted of higher quality sequences. Microb@hmunity analysis was performed as

described in Krumbeck et & Sequences were trimmed to 250 nts and filtereuyutsie



FASTX-toolkit. Chimeras were removed and operatid@meonomic units (OTUs) with 98%
homology were generated using USEARCH. Sequencesslassified from phylum to genus
level using the Ribosomal Database Project Mulg€ifger. Alpha and beta-diversity metrics
were calculated in QIIME using rarefied data totcolfor the number of sequences in each
sample. All taxonomic data was calculated as pitopws of sequences based on the total
number of sequences for each sample.
Statistical analysis — Biological and gPCR outcomes

Data is presented as mean + SEM. Analysis was ipeefib on an intent-to-treat basis,
regardless of subject compliance or completione€agth missing outcomes were excluded
from analysis for that outcome. Normality was Medffor each outcome and corresponding non-
parametric tests were conducted on outcomes vakewed distribution. Parametric tests were
used to compare baseline measurements (indepanrst), between-group differences using
mean differences from the two time points (indeemnd-test) and within-group differences
(dependent t-test). Outcomes were further analysetdy an analysis of covariance (ANCOVA)
assessing for sex, age and BMI as potential caestiéleight, body weight and waist
circumference which were measured multiple timesevemalyzed using a mixed model repeated
measures ANOVA with Bonferroni adjustment.
Statistical analysis — 16S rRNA lllumina sequencing

Data is presented as mean + SD. All statisticalyasisawas preformed using R version
3.2.2* Wilcoxon signed-rank tests were used to analyieimgroup differences for microbial
groups and alpha-diversity. Between group diffeesneere evaluated using linear mixed-effect
model with package “Ime4” assessing the interadbiefwveen treatment groups and tim8eta-

diversity was assessed based on Bray-Curtis dissagred significance was determined using an
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analysis of similarities (ANOSIM) with the “vegapackagé®. To account for multiple
comparisons an FDR correction was applied withftheool” packagé’. For corrected p values
significance was set at < 0.2.

All authors had access to study data and reviewddapproved the final manuscript.
RESULTS
Subject characteristics

A total of 42 subjects consented to participattastudy of which 22 were randomized
to the prebiotic group and 20 to the placebo. Altot 4 subjects withdrew for personal reasons
(time constraints) or otherwise not specified (Sep@ntary Figure 1). Therefore, a total of 38
children, 20 in the prebiotic group and 18 in tbatcol group, completed the study (90%
retention). There were no significant differenaedaseline characteristics between the groups
(Table 1). A total of 81.8% of participants wereuCasian and 18.2% classified as “Other”
represented by Black and Hispanic.
Improvements in anthropometry and body compositionwith prebiotic

Prebiotic consumption slowed weight gain compacoeglacebo. Although absolute body
weight increased in both groups over 16 weeksintrease was significantly higher in placebo
(2.4-fold greater weight gain) compared to prebi¢fiable 2). Age and sex-specific analysis of
body weight showed significant decreases in bodghte-score within the prebiotic group
(P=0.006). The interaction of treatment and time igicemtly influenced BMI P=0.009)
whereby there was no change in BMI within the pogbigroup compared to baseline, but at all
four time points compared to baseline, BMI sigrafidly increased in the placebo group
(Supplementary Figure 2). Percent total body fat significantly lower with Ol compared to

placebo P=0.005; Figure 1). Both groups had a significactéase in lean mass. Regional body
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fat assessment showed significant decreases iermdrank fat within the prebiotic group
(P=0.019) and significant differences between theigsoP=0.029). Percent android fat tended
to be reduced in prebiotic versus placeBe(.055).
Prebiotics induced marginal changes in systemic ildmmation

There was little change in the serum inflammagofile within the prebiotic and
placebo groups (Supplementary Table 1). Althoughethivas a 31% decrease in serum C-
reactive protein (CRP) in the prebiotic group and&o increase in the placebo group, this was
not significantly different. Between-group analydid show a significant reduction in
interleukin (IL)-6 from baseline with Ol whereaspébo increased€0.01). There was a trend
(P=0.088) for LPS to be decreased (1.9%) with Olkatand increased with placebo (1.4x).
Metabolic outcomes

There was a significant decrease in serum trigigtes within the prebiotic group but no
between-group differences in lipid profile (Suppétary Table 2). There were no differences
in fasting glucose, insulin or HOMAZ2-IR within oetween groups. At the end of the trial
however, four of the subjects in the prebiotic gr¢® male, 1 female, baseline BMI 29.0 £ 2.9
kg/n?, baseline percent total body fat 46.7 + 2.2%, rasérunk fat 46.7 + 2.2%, baseline
HOMAZ2-IR 2.5 + 0.2), compared to zero in the plazgiboup, were no longer classified as
insulin resistant as defined by HOMA2-IRQMA2-IR > 2.10§®.
Fecal bile acids

Primary FBAS, cholic acid (CA) and chenodeoxycbalcid (CDCA) were significantly
different between the Ol and placebo group aftgrsdichg for age, sex, initial BMI and
compliance (Table 3). Within group analysis showigghificant increases in both primary FBAs

in the placebo group. There were no significanhges in secondary FBAs within or between
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treatment groups. The percentage of CDCA to tdBafd~(CDCA%) was significantly increased
within the placebo group over time and the betwgrenip difference showed a higher
percentage in placebo versus Ol.
Characterization of gut microbial changes

Quantitative analysis of specific taxa (QPCR) sbdwa within group difference of
increasedifidobacterium spp. in prebioticP=0.023) and decreas@ostridium cluster Xl
(P=0.044) in placebo (Supplementary Table 3). A digant between-group difference was seen
for Bifidobacterium spp. with Ol intake resulting in significantly highabundance than placebo
at 16 weeksK=0.049). The change Bifidobacterium spp. from baseline was also significantly
different between the prebiotic and placebo grdupl(% + 0.80 vs. 0.13% * 0.98:0.049).

A community-wide analysis with lllumina 16S rRNAgencing mirrored the outcomes
from gPCR (Table 4). Ol consumption resulted imgaificant bifidogenic response over the 16
weeks within the prebiotic group. Actinobactertze bnly observed phylum level change,
significantly increased 1.4 foldP£0.008, FDR=0.217) and at the genus I&iédobacterium
abundance significantly increased. Moreover, twaJ®Tost likely representing
Bifidobacterium adolescentis (OTU_2169) andBifidobacteriumlongum (OTU_2403)
significantly increased. Between-group analysihhggnted an interaction effect of treatment
and time orBifidobacterium longum (OTU_14) although not statistically significant
(Supplementary Table 4).

Further analysis of within and between-group dédferes showed significant changes in
bacterial community composition beyoBdidobacterium. Within group analysis showed
significant decreases Faecalibacterium prausnitzii (OTU_2516) abundance with prebiotic

(P=0.002, FDR=0.153) (Table 4). The interaction betw&eatment and time significantly
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influenced two separate OTUs represenkngrausnitzii (OTU_2516 and OTU_1938)
(Supplementary Table 4). Although no significanaeges in the Bacteroidetes phylum or the
genusBacteroides were observedacteroides sp. (OTU_29) was significantly influenced by the
interaction of treatment and time. OTU level analys within group differences revealed Ol
significantly decreaseBacteroides vulgatus (OTU_2492 P=0.005, FDR=0.155) (Table 4).
Significant decreases in OTU_2376 represenRaminococcus gauvreauii were also observed
with consumption of Ol whereas decreases observgdnusRuminococcus were not

statistically significant following adjustmer£0.026, FDR=0.311).

The Shannon and Simpson Index, which were usesistesa alpha-diversity, significantly
decreased within both groups and no significanhghan observed OTUs was detected within
either group (Table 4). Beta-diversity, assessatjusonmetric multidimensional scaling
(NMDS) plots based on Bray-Curtis distances, reagkdifferential clustering within the
prebiotic group from baseline to 16 weeks deterchimgng an ANOSIMRP= 0.042)
(Supplemental Figure 2). However, there was noepable differential clustering of the data
observed between the groups or within the placebopy
Microbial correlations with clinical biomarkers

Spearman’s correlation analysis was used to aisesslationship between changes in
gut microbial abundance and changes in body coriposind biological parameters (Figure 2).
When assessing correlations with change in bodyposition, changes in body weight
(r<=0.414,P=0.012), fat mass £0.358,P=0.032) and BMI ¢0.373,P=0.025) were
significantly and positively correlated with chasga OTU_2559 representir@gostridium
clostridioforme and change in trunk body fat was significantly aoditively correlated with

change irBacteroides vulgatus (OTU_2492) (&0.494,P=0.002) and change lacterium mpn-
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isolate (OTU_1554) (&=0.394,P=0.017). Change in OTU_2559 was also significaatig
positively correlated with changes in IL-640.657,P=0.0001) whereas change in serum
triglycerides was significantly and positively calated with change iRuminococcus gauvr eauii
(OTU_2376) (&0.479,P=0.005).
Side effects and compliance

No gastrointestinal side effects were experienged¥6 of participants in the prebiotic
group and 61.1% in the placebo. A mild increasiaitulence and bloating was experienced by
25% and 27.8% of subjects in prebiotic and plageBpectively. A moderate increase in
flatulence and bloating was reported by 5% and%Jlof subjects in prebiotic and placebo
respectively. During the informal interview to ass blinding, 50% of the prebiotic group and
72.2% of the placebo group were able to correatlysg their grouping. There was 87% and 91%
compliance in the prebiotics and placebo groupeetsely.
DISCUSSION

This is the first randomized controlled study teess the totality of changes in gut
microbial composition and FBAs with prebiotic intention in children with overweight and
obesity. The results demonstrate that Ol consumptazmalizes childhood weight gain, reduces
whole body and trunk body fat, modifies primary F8&nd selectively alters gut microbiota.

Although weight loss is a key outcome in obesitgiventions, pediatric trials must
consider the confounding effects of growth. Oneepthial with prebiotics in youth did not
observe a reduction in absolute body weight witw@ich is consistent with our findings.
However, height and weight are expected to incrasarly in children 6-10 years old with
little difference between the sexes, in particblady weight is expected to increase 2-3 kg

annually®. Based on our 4-month intervention data, the anpragected body weight increase in
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the prebiotic group would be 3 kg, within the expécrange, whereas the projected increase in
the placebo group was 8 kg, almost triple the etqukgearly increase. The normalization of
absolute body weight gain with Ol is important taalliowed children to meet and not exceed
expected growth trentfs This normalization may be attributed in partite tmproved appetite
control we previously demonstrated in the Ol griup

In the present study, the reduction in percent Hatgbserved in the subjects consuming
Ol was similarly observed by Abrams et3as a reduction in total fat mass in normal weight
and overweight children consuming 8 g of Ol witpglemental calcium for a year. Important
from a metabolic health perspecti¢gercent trunk fat was decreased in our parti¢gpan
consuming Ol which was similarly observed in adulith overweight and obesity consuming
oligofructose for 12 weeRsThe decrease in central adiposity in the prestmly could explain
in part the significant reduction in serum triglyides observed in the prebiotics group.

A proposed mechanistic link between obesity andstociated comorbidities, such as
insulin resistance, is low-grade inflammation. tased IL-6 and TNlk-are seen in adult
obesity®, while CRP is positively correlated with obesitychildren and aduf&** In healthy,
normal weight adults there was no change in cytskiollwoing prebiotic intake, likely because
baseline levels were not elevated enough to ddiffetenced’. This is likely the case in our
subjects as well given that IL-6 was the only cyteksignificantly reduced with prebiotic and
greater inflammation is typically needed to sereattnent respon¥e’’. We did observe a trend
towards a reduction in metabolic endotoxemia wisatonsistent with reduced LPS seen with
inulin-type fructan intake in otherwise healthy seadults, healthy normal weight adults and
overweight and obese women with 23

Microbial metabolites, such as FBAs, are one pakntechanism through which changes
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in gut microbiota composition impact host physioftdgincreased primary FBAs have been
associated with negative clinical outcomes, inglgdiiarrhea-prominent irritable bowel
syndrome, which was associated with a significarease ifBifidobacteriunr. Of relevance to
obesity, increased serum levels of the primary BRCA relative to total BAs (CDCA%) was
seen in obesity with type 2 diabetes > obesity enmeight > healthy contrl There was also a
positive correlation between CDCA% and BMI, HbALEL-cholesterol and triglyceridés In

our participants, no change in fecal CDCA% was s$e¢he Ol group (albeit a numerical but not
significant decrease) but there was a signific&% Increase in the placebo group over time. It
is possible that intake of Ol mitigated the nattrajectory of increased primary FBAs seen in
the placebo group, in part through increaB#ttiobacterium™.

Although our current understanding of what contggla healthy microbiota is still
incomplete, certain genera have been establishpdmaarily beneficial, including species in the
genusBifidobacterium**. Infant studies highlight the benefits of increhbéfidobacteria, with
Bifidobacterium spp. dominating the gut of breast-fed infants whéchssociated with a reduced
likelihood of overweight and obesity in childhddd® Similarly, adults with obesity had a
significant reduction imBifidobacterium spp. compared to healthy weightOur analysis of
microbial changes at the genus level showed sequeresults that mirrored those from gPCR.
Significant increases iBifidobacterium spp. within the prebiotic group in this study whas t
only microbial change when assessed with gPCR whigghalso observed in diverse adult
cohorts consuming various prebiofit$* Sequencing analysis in the present study alsoestho
significant increases in OTUs representBifidobacterium such a$Bifidobacterium longum
(OTU_2403) which was similarly observed after potici supplementation in women with

obesity’. In the adult human gut, significant increaseBifidobacterium were observed after

17



>10g/day of short-chain fructooligosaccharffe our pediatric population, we observed a
significant bifidogenic response in the prebiotiowgp with a lower 8 g/day dose of Ol.

The definition of prebiotic is currently a hotlylmsed issue largely due to advancements
in high throughput sequencing showing changes leBdidobacterium andLactobacillus and
the requirement for selective utilizationn accordance with this debate, changes in skwthar
species and genera were observed with Ol consum@tithough the number remained limited
supporting a selective utilization argument. In pinesent study a significant decrease in
Bacteroides vulgatus (OTU_2492) was observed with Ol consumption. Imgatty this
reduction inB. vulgatus was correlated with a reduction in percent trurtlofger the 16-week
intervention. This positive correlation betwenulgatus and adiposity was also observed in
women with obesity after prebiotic interventlog. clostridioforme has been defined as a
pathogenic bacteria associated with serious arasime human infectidil In reference to
metabolic disease, two metagenome projects obs€xvedstridioforme significantly enriched
in patients with T2D compared to healthy conftd?s Clostridium clostridioforme (OTU_2559)
in the present study, decreased in prebiotic vagrlcebo, and it was significantly positively
correlated with changes in different biological adnpositional outcomes.

Faecalibacterium prausnitzii is a prominent butyrate-producing bacterium that been
suggested to have an anti-inflammatory role iraimiinatory bowel disease and has been
negatively correlated with LPS in participants wottesity">. In the present study howeveér,
prausnitzii (OTU_2516) significantly decreased with Ol constiom This result is consistent
with a cross-sectional study in India showing iasedF. prausnitzii abundance in children with
obesity compared to non-obese children with gP@Rd more recently with lllumina

sequencing showing 20% higher abundande. pfausnitzi in Italian children with obesity
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compared to normal-weigti including a positive correlation of BMtscore with
Faecalibacterium. Conversely, in adult populations prebiotic sigrahtly increasedr.
prausnitzii abundance® and these differences may be due to the crossnfpaderactions
between bifidobacteriandF. prausnitzi®®. In vitro analysis revealed that the relationship
between bifidobacteria arkd prausnitzi, in the presence of inulin-type fructans, could be
commensal or competitive and this relationship deggendent on the bifidobacterial strain and
its capacity for prebiotic degradation. Functiodidffierences between genetic phylotypes$-of
prausnitzii with different capacities for butyrate producticavie also been observed with lean
individuals having a genetic variant with a mored@i@te capacity for butyrate production
compared to individuals with obesity and T20n accordance with this, children with obesity
had higher stool concentrations of butyrate congpareormal-weight controld

There are some limitations to our study includingduced generalizability of our
findings due to the primarily Caucasian and middlaigh socioeconomic status of our
participants. Our participants were also othenkisalthy overweight and obese children and
therefore future studies should also include agtddipopulation with greater metabolic
dysfunction to more fully understand how genotypd anvironment affect the relationship
between the host and the gut microbidni@stly, many children in the study did not have
regular bowel movements, therefore our stool ctbbecat baseline and final test days could not
be tightly controlled (e.g. time of day, 24 houliection), which could affect the concentrations
of some fecal metabolites such as FBAs.

In conclusion, supplementation with Ol improved sibeoutcomes in children with
overweight/obesity. Importantly, we have shown ainduced specific gut bacterial shifts

compared to placebo. The metabolic and microbmalifigs from this study provide a foundation
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for a larger clinical trial in the pediatric poptitr. Prebiotics are inexpensive and non-invasive

and therefore a plausible dietary interventiorhi@ dverweight and obese pediatric population.
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Figure Legends

Figure 1 Change in body composition in the prebiotic (n ¥ &2d placebo (n = 19) groups over
the 16-week intervention represented by mean +SER&0.05 and 1P<0.01 with independent
t-test between the two groups.

Figure 2 Heat map of the Spearman rank correlations betWexogical and gut microbial
outcomes. Correlations were performed on the changetcomes over the 16-week
intervention. *P<0.05 and 1P<0.01. BF, body fat; BMI, body mass index; HDL, mdensity
lipoprotein; LDL, low-density lipoprotein; CRP, @active protein; IL, interleukin; TNE

tumor necrosis factor alpha; UDC#sodeoxycholic acid; DCA, deoxycholic acid; CApthb acid;
CDCA, chenodeoxycholic acid; HDGAyodeoxycholic acid; LCA, lithocholic acid; FA, FdBile

Acids.
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Table 1. Participant baseline characteristics by treatrgemup

Characteristics Prebiatics Placebo P value

Sex, Number
Male 12 12
Female 10 8 0.721

Age, y 10.4+0.3 10.2+0.4 0.724
Body weight, kg 58.5+3.1 59.6 +4.5 0.837
Body weightz-score 2.25+£0.12 2.14£0.16 0.573
Height, cm 148.1+2.4 147.1+2.8 0.783
Heightz-score 1.31+0.24 0.97 £0.22 0.304
BMI, kg/m? 26.3+0.7 269+13 0.653
% Total Body Fat 425+1.3 41.8+1.2 0.688

Values are mean + SEMz=22 prebiotics and=20 placebo; 1 participant did not attend the ahiist
day so researcher-measured outcomes=i8 for placebo.
z-score, standard score; BMI, body mass index



Table 2. Changes in anthropometric outcomes in childre-12 years) with overweight and obesity consumingadtuctos-enriched inulir
(prebiotic) or placebo for 16 weéeks

Prebiotics Placebo
Outcome N _ Within N _ Within Between
Initial Final group Change Initial Final group Change groups
P value P value P value
Height (cm) 1481 +24 1505+24 <0001 2330 1471+2.8 149.1+29 <000l 20+02 35a.
Height z-score 1.31+0.24 1.37+024 0139  0.0604 0.97+0.22 0.99+023 0.481 0.03 +0.040.509
Body Weight (kg) 58.5+3.1 59.6+3.1  0.009 1.1+04 59.65% 4. 62.2+48 <0001 26+04  0.009
Sggfﬁwe'ght 2" 225+010 2.18+0.12 0.006 -0.07 +0.02 ADI6 214+0.16 079 0.01+0.02 0.024
\(/(\:/r?;)svmac Crest  g73121 920+22 <0001 4.8+09 8832@ 93.7+35 <0001 5.6+0.1 0.520
\(’(\:’r?q')s"umb'“c“s 912+22 892+21 0012 -21+08 92.633 909+32 0009 -1.7+06  0.814
gg’;‘;x'”era' 0.72+0.01 073+001 0.018 0.01+0.04 @701 071+001 0.116 0.01+0.02 0.592
BMI (kg/m?) 262+07 260+07 0199  -0.3+0.2 2693 273+13  0.02 0.4+02  0.004

"Values are mean SEM, n=22 for prebiotic an#h=19 for placeboZ-score, standard score; BMI, body mass index.



Table 3. Changes in fecal bile acids assessed using HPIGilaren (*-12 years) with overweight ar
obesity consuming oligofructose-enriched inulirefgotic) or placebo for 16 weéeks

Prebiotics Placebo
Outcome o . Betwe
(umol/g, dry Within Within en
feceé) Initial Final group Initial Final group  groups
P value P value P
value
Primary Bile
Acids
1.651 + 2.290 + 1.801 + 3.374 +
CA 0500  0.949 0.967 0449 1533 0007 0.043
1.010 1.246 + 0.705 + 2.539 +
CDCA 0437  0.739 0984 | 5293 1699 0003  0.008
Secondary Bile
Acids
4.018 + 6.464 + 3.974 + 7.797 +
DCA 0.918 2.303 0.479 0.885 2.853 0.979 0.951
. 0.372 + 0.507 + 0.360 + 0.482 +
iso-DCA 0.065 0.131 0.898 0.052 0.095 0.985 0.940
4.694 + 4.909 + 3.842 + 5.034 +
LCA 0880  1.115 0574 | 0913 1105 0247 0202
. 1.146 + 0.895 + 1.003 + 1.103 +
iso-LCA 0.229 0.148 0.119 0.170 0.147 0.115 0.230
0.344 + 0.406 + 0.383 + 0.362 +
HDCA 0.113 0.082 0.697 0.141 0.041 0.759 0.500
0.338 + 0.516 + 0.341 + 0.450 +
UDCA 0102  0.193 0994 | o082 0108 0208 0528
Total Fecal Bile 13.572+ 17.233 % 12.409+ 21.141 +
Acids 1.861 3.811 0.538 2.010 5.440 0.559 0.789
6.89 + 5.97 5.56 + 6.50 +
CDCA% 232 1,92 0.821 177 275 0.002 0.018

"Values are meaf SEM, n=16 for prebiotic an#h=13 for placebo. CA- cholic acid, CDCA-
chenodeoxycholic acid, DCA- deoxycholic acid, Ldi#kocholic acid, HDCA- hyodeoxycholic acid,
UDCA- ursodeoxycholic acid, CDCA% - proportion oDCA to total fecal bile acids.

Table 4. Within group changes of microbial abundance asgassiag lllumina 16S rRNA gene ti
sequencing in children (7-12 years) with overwemgtd obesity consuming oligofructose-enriched muli
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(prebiotic) or placebo for 16 wee*

Mean % bacterial abundance + SD

_ Prebiotics Placebo
Taxonomic Group P value P value
Initial Final (adj. val.) Initial Final (adj. val.)
Phyla
Actinobacteria 135+ 0.008 0.410
8.6 +4.7 8.6 (0.217) 94+55 95+6.4 (0.938)
Bacteroidetes 14.7 + 16.7 £ 0.663 14.7 + 19.1 + 0.244
8.6 14.8 (0.913) 9.5 14.2 (0.900)
Firmicutes 68.6 £ 62.8 £ 0.338 68.0 £ 63.8 £ 0.201
8.5 135 (0.842) 7.9 13.2 (0.881)
Proteobacteria 0.151 0.379
48+24 4.0+21 (0.704) 45+25 4.2+22 (0.933)
Verrucomicrobia 0.887 0.754
06+0.8 0.6+£09 (0.933) 1.1+27 1.7+3.4 (0.965)
Genera
Actinomyces 0.017+ 0.016 + 0.408 0.020+ 0.009 + 0.018
0.016 0.017 (0.866) 0.016 0.008 (0.487)
Bifidobacterium 5,821+ 9.843 % 0.012 5797+ 6.655 + 0.349
3.719 6.242 (0.217) 4.280 6.168 (0.928)
Clostridium XVIII 0.611+ 0.637+ 0.728 0.916 + 0.581 + 0.005
0.534 0.684 (0.920) 0.578 0390 (0.487)
Collinsdla 2.072+ 2.966 * 0.045 2915+ 2410+ 0.485
1.706 2.947 (0.419) 2.110 2.126 (0.947)
Dorea 2874+ 2.305+ 0.061 2988+ 2.418+ 0.016
1.226 1.251 (0.491) 1.147 2.241 (0.487)
Eggerthella 0.074+ 0.096 + 0.384 0.084+ 0.061 + 0.033
0.125 0.150 (0.858) 0.109 0.107 (0.550)
RUMINOCOCCUS 2.346 £ 1.457 + 0.026 1.761+ 1.594 + 0.842
1.665 1.592 (0.311) 1.361 1.107 (0.969)
OTUs
OTU_1157(Anaerogtipessp.,  0.034+ 0.059 + 0.037 0.050+ 0.048 + 0.755
97%) 0.025 0.057 (0.331) 0.043 0.048 (0.931)
OTU_2013(Anaerostipes 0.141+ 0.244 + 0.045 0.248+ 0.223 + 0.349
butyraticus, 98%) 0.101 0.231 (0.357) 0.312 0.317 (0.861)
OTU_2492(Bacteriodes 0.982+ 0.459 + 0.005 0.650+ 0.339+ 0.258
vulgatus, 100%9 0.967 0.522 (0.155) 0.909 0.456 (0.821)
OTU_1554(bacterium mpn- 0.031+ 0.014 + 0.016 0.023+ 0.012+ 0.414
isolate, 98%) 0.030 0.017 (0.239) 0.033 0.016 (0.881)
OTU_2169 Bifidobacterium 0.004 + 0.008 + 0.003 0.004 + 0.007 + 0.230
adolescentis, 99%) 0.004 0.009 (0.154) 0.004 0.009 (0.804)
OTU_30(Bifidobacterium 0.596+ 0.972+ 0.028 0.285+ 0.330 % 0.563
bifidum, 10099 0.750 1.275 (0.300) 0.496 0.497 (0.909)
OTU_2403(Bifidobacterium 0.001+ 0.005 + 0.005 0.002+ 0.002 + 0.813
longum, 98%) 0.001 0.006 (0.155) 0.003 0.004 (0.935)
OTU_1682(Clostridiales 0.009+ 0.018 + 0.026 0.017+ 0.018 % 0.629
bacterium, 98%) 0.008 0.022 (0.294) 0.026 0.026 (0.918)
OTU_2559(Clostridium 2.986 * 1.998 + 0.024 2.409 + 2517 + 0.712
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clostridioforme, 99%) 1.45¢ 1.347 (0.281 0.98¢ 1.14(C (0.927
OTU_160(Clostridium 0.024+  0.050 + 0.036 0.022+ 0.016 0.148
scindens,100%9 0.043 0.099 (0.327) 0.045 0.038 (0.726)
OTU_9(Callinsella 1.810+ 2.658 0.021 2.643+ 2184+ 0.442
aerofaciens, 100%9 1.518 2.693 (0.267) 1.907 1.923 (0.887)
OTU_59(Eubacterium 0.230+ 0.118 + 0.006 0.288+ 0.316* 0.478
eligens, 100% 0.326 0.180 (0.156) 0.425 0.568 (0.895)
OTU_2516
(Faecalibacterium 2.010+ 0.947 0.002 1173+ 1670+ 0.182
prausnitzii, 98%) 1.634 0.673 (0.153) 0.793 1.470 (0.764)
OTU_32(Roseburia sp., 0.689+ 0.457+ 0.029 0491+ 0.424+ 0.551
100% 0.686 0.413 (0.306) 0.406 0.332 (0.907)
OTU_2376(Ruminococcus 0.004 + 0.002 + 0.009 0.004 + 0.004 0.572
gauvreauii, 97%) 0.004 0.002 (0.185) 0.006 0.006 (0.911)
Alpha Diversity
6.22 + 593+ 6.11 + 5.89 +
Shannon Index 0.40 0.45 0.005 0.42 0.39 0.008
0.97 + 0.96 + 0.97 £ 0.96 +
Simpson Index 0.01 0.02 0.001 0.01 0.01 0.003
460.4+ 4396 £ 435.7+ 4203+
Observed OTUs 68.0 70.1 0.107 58.8 54.1 0.132

'h=20 for prebiotic ana=16 for placeboP value (adj. val.), FDR significance set at 0.2.
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