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ABSTRACT
Objective: Fermentable oligosaccharides, disaccharides, nagsobarides and polyols
(FODMAPSs) are a group of carbohydrates that evagiestion in the small intestine
and are subsequently metabolized by colonic miotabiColonic fermentation of
FODMAPs has been linked to a prebiotic effect r@sglin improved blood glucose
response and subjective appetite. The purpodeétudy was to examine how
changes in FODMAP consumption effects blood glugesponse and subjective
appetite. Fasting breath hydrogen was also exahasan indicator of colonic
fermentation.
Design: This study utilized a single blind, randomizedyssover design. Healthy
participants (n=16) were instructed to follow a {6@DMAP and high-FODMAP
diet for a period of three days separated by adayl*washout period.” Fasting and
post-prandial blood glucose were assessed via €lecle  Subjective appetite was
analyzed through use of visual analogue scales Wate analyzed via repeated
measures analysis of variance.
Results: Blood glucose concentrations did not vary sigaifity between the two
dietary interventions (p=.11%2 =.155). Reduced total area under the curve (TAUC)
was seen after the high-FODMAP intervention, howgetles decrease was not
significant (6722+861 vs. 7149+1120 mg/dI*min, p#8). No significant changes in
subjective appetite were noted. Fasting breathdgeir did not vary significantly
between the two interventions, however, was fownoktinversely correlated with
glycemic response (r=-0.54, p=.034). Outcomes weanalyzed utilizing only

subjects consuming greater than 4 grams of FODMARsg high-FODMAP



intervention. Reduced post-prandial blood gluaesponse (k(q)=7.21,p.007) and
blood glucose TAUC was seen (t=3.60, p=.009) ia shibset.

Conclusion: The High- FODMAP intervention resulted in a r&gnificant
reduction in blood glucose. However, poor dietasgnpliance likely explains this
result. The inverse relationship seen between vilgatrogen and blood glucose
TAUC indicate a potential prebiotic effect. Indiv@as compliant with high FODMAP
diet did show reduced glycemic response. Furtregareh, with larger samples and

longer interventions, is needed.
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PREFACE
This manuscript was written to comply with the Usnsity of Rhode Island Graduate
Manuscript Thesis Format. This thesis contairesmanuscript entitled “ The impact
of High and Low- FODMAP Conditions on Blood GlucdSencentrations in Healthy
Young Adults.” This manuscript has been writteraiform suitable for publication in

The Journal of the Academy of Nutrition and Dietetics.
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The impact of High and Low- FODMAP Conditions on Bbod Glucose

Concentrations in Healthy Young Adults

Evan Kerr, Matthew Delmonico, Ingrid Lofgren, Kagbh Melanson
Department of Nutrition and Food Sciences, Unitgisi Rhode Island
Kingston, Rhode Island 02881
ABSTRACT

Objective: Fermentable oligosaccharides, disaccharides, nagsobarides and polyols
(FODMAPSs) are a group of carbohydrates that evagiestion in the small intestine
and are subsequently metabolized by colonic miotabiColonic fermentation of
FODMAPs has been linked to a prebiotic effect r@sglin improved blood glucose
response and subjective appetite. The purpodeétudy was to examine how
changes in FODMAP consumption effects blood glugesponse and subjective
appetite. Fasting breath hydrogen was also exahasan indicator of colonic
fermentation.
Design: This study utilized a single blind, randomized,ssaver design. Healthy
participants (n=16) were instructed to follow a {6@DMAP and high-FODMAP
diet for a period of three days separated by adayl*washout period.” Fasting and
post-prandial blood glucose were assessed via €lecle Subjective appetite was
analyzed through use of visual analogue scales Wate analyzed via repeated
measures analysis of variance.
Results: Blood glucose concentrations did not vary signifitabetween the two

dietary interventions (p=.11%2?=.155). Reduced total area under the curve (TAUC)



was seen after the high-FODMAP intervention, howgetles decrease was not
significant (6722+861 vs. 7149+1120 mg/dI*min, p#8). No significant changes in
subjective appetite were noted. Fasting breathdgeir did not vary significantly
between the two interventions, however, was fownoktinversely correlated with
glycemic response (r=-0.54, p=.034). Outcomes weanalyzed utilizing only
subjects consuming greater than 4 grams of FODMARsg high-FODMAP
intervention. Reduced post-prandial blood gluaesponse (k(q4)=7.21,p.007). and
reduced blood glucose TAUC was also seen (t=36009) in this subset.
Conclusion: The High- FODMAP intervention resulted in a nogrsficant reduction
in blood glucose. However, poor dietary complialiogly explains this result. The
inverse relationship seen between breath hydrogémkod glucose TAUC indicate
a potential prebiotic effect. Individuals complianth high FODMAP diet did show
reduced glycemic response. Further research, aigfet samples and longer

interventions, is needed.



Introduction:

Fermentable oligosaccharides, disaccharides, moadoaades, and polyols
(FODMAPSs) are a class of short-chained carbohydridiat are prevalent in the
modern diet>. Common dietary FODMAPs include oligosaccharisiesh as
fructans (or fructooligosacchrides) and galactangjélactooligosaccharides),
disaccharides such as lactose, monomers suchcassieland polyols such as sorbitol
and mannitof. FODMAPs are associated with common functionapprties
including: limited absorption in the small integtjrhigh osmotic activity, and rapid
fermentation by colonic microbiofs. Due to these functional properties, excess
consumption of dietary FODMAPs has been linkechtweased incidence of diarrhea,
flatulence, as well as abdominal pain and distenaimongst individuals with irritable
bowel syndrome (IBS}’. Diets decreasing FODMAP intake have shown Hikty
to mitigate gastrointestinal symptoms and improwality of life for individuals with
IBS ®°,

While reducing dietary FODMAPSs has proven to befiective means to
manage IBS, long-term use of a low- FODMAP diatlddhave adverse health
consequences and may not be appropriate for pagihleut 1BS. Low-FODMAP
foods are generally considered to be high glycendex (HGI) consisting of simple
carbohydrates that are easily digested and absdtbédevated intake of HGI foods
have been found to increase risk of metabolic dise@diabetes, and cardiovascular
diseasé®. Conversely, high-FODMAP foods are associateti witow glycemic

index (LGI)'®. These carbohydrates are not as readily absdmpéite small intestine.



Thus LGI foods reduce postprandial glycemic respomich is important regarding
development of chronic diseases such as diabeteseatt disease.

In addition to reduced post-prandial glycemic cese, LGI foods have
demonstrated the ability to reduce glycemic resp@isubsequent meafs= This
‘second meal effect’ is likely due to a prebiotfteet attributed to increased colonic
fermentation**® Malabsorbed carbohydrates, upon entering thencaire rapidly
metabolized, via fermentation reaction, by thedest colonic microbiota. Short-chain
fatty acids (SCFA), byproducts of anaerobic metabwlinteract with colonic
epithelial cells and have been linked to incregsest-prandial expression of
numerous gut peptide hormones, most notably glutéke peptide -1 (GLP-1),
which has been shown to have an important rolerdegathe improvement of
glycemic responsE 2 Increased colonic fermentation, as measuredésth
hydrogen, is inversely related to blood glucospomseé®?° Furthermore, colonic
fermentation has been found to decrease post-@idnidod glucose response by as
much as 15% amongst a healthy sampldncreased colonic fermentation associated
with consumption of FODMAP-dense foods indicatet FODMAPS have the
potential to effect blood glucose response in amaathat is independent of glycemic
index*%. However, a possible prebiotic effect associatiéd RODMAP specific
interventions has not been examined.

Increased colonic fermentation has also beendinkelecreases in subjective
appetite ratings. Supplementation of fructooligasarides has been found to

promote expression of GLP-1, which leads to redwatdgs of subjective hunger in



both clinical and free-living settingé?® Furthermore, increased colonic
fermentation has been associated with decreasegyeineake?”.

Research, to this point, has indicated that ine@®as colonic fermentation of
carbohydrates will reduce post-prandial blood ghecresponse. However, these
studies involved test meals or supplementationgdesi to deliver a targeted amount
of oligosaccharides or soluble fibers. The abiitya FODMAP specific dietary
intervention to elicit this effect has not beemmned. Furthermore, a possible
prebiotic effect associated with increased FODMA#aKe, in a free-living setting, has
not been examined. The present study examinedrnplementation of low- and
high- FODMAP diets, in a free- living setting, wdumpact fasting and post-prandial
glycemic response amongst healthy participantsditAwshally, this study examined
how changes in dietary FODMAPs would affect sulyechunger, satiety and
prospective consumption, in both fasting and poatigial states. Total FODMAP
intake and fasting breath hydrogen were analyseslraeans to determine dietary
compliance.

Materials and Methods:

Sudy Design:
The study utilized a randomized, single-blindedssrover design that

compared low and high-FODMAP diet-interventionsifree-living setting. Study
design and laboratory procedures are outlinedgurd 1. This study consisted of five
separate data collection days. Initial data ctbec(i.e. prior to any dietary
intervention or outcome testing) consisted of sairegg completion of informed
consent, instruction regarding study protocol, esggbmetrics, and body composition

assessment (via BODPOD). Baseline data collectiok place on a Tuesday and



required that the subject arrive at the laborafollpwing a 10-hour fasting period.
Fasting anthropometrics, blood glucose, breathdgein and subjective appetite
ratings were obtained. A high FODMAP test meakided below) was then
administered and post-prandial blood glucose respand subjective appetite were
measured at 30 and 60 min post consumption oketenteal. A 24-hour dietary recall
was taken using the Nutritional Data System fordaesh (NDSR). At the conclusion
of the 1-hour test period, individuals were randpagsigned to follow either diet 1
(low- FODMAP) or diet 2 (high- FODMAP) for a periad three days. Subjects
reported to the laboratory for post-interventiostitey on the following Friday. The
post-intervention laboratory protocol was identiathat of baseline testing. After
post-intervention testing, subjects undertook awldy washout period and the
protocol, with the alternative diet, was repeatedibning on the following Tuesday.
Order randomization started with a coin flip foe tfirst subject, and subjects altered
order thereatfter.

ubjects:

All subjects participating in this study were ngited as a convenience sample
from the student population of the University ofd@e Island. Exclusionary criteria
included gastrointestinal disorders such as: celisease, IBS, lactose or gluten
intolerance, diverticular disease, colitis suclCasn’s disease or ulcerative colitis and
stomach ulcers. Additional exclusion criteria irdea currently following a weight
loss diet, food allergies, smoking, pregnancy otaton, diabetes, adrenal disease,
kidney or bladder problems, a thyroid disease arecily taking any appetite

suppressant medication. Subjects were advisedeo fdeysical activity constant



throughout the course of the study. The studyapgsoved by the Institutional
Review Board of the University of Rhode Island @ndjects provided written
informed consent prior to participating.

Blood Glucose Analysis:

Blood glucose was analyzed at three separatepoimes during each
laboratory session. Capillary blood from subjetigédrs was sampled at O minutes
(fasting), 30-minutes post-test meal, and 60-msynast test meal. Protocols for
obtaining capillary blood samples were obtainedfidlere Inc (Waltham, Ma). At
each time point, 4QL aliquots of capillary blood were obtained andseduently
analyzed via Cholestech LDX (Alere Inc., Waltham MA
Assessment of Subjective Hunger, Satiety and Prospective Consumption:

Subjective appetite was assessed using 10-cmlasakbg scales (VAS).
During laboratory sessions subjects completed VA&stionnaires regarding satiety,
hunger, and prospective food consumption. VAS leehlaletermined to be an
effective method for assessing these outcothes
Assessment of FODMAP Intake:

FODMAP intake was assessed through 24- hour seatlizing NDSR.
Recalls were conducted using the NDSR softwardaored? developed by the
Nutrition Coordinating Center (NCC), University Minnesota, Minneapolis. NDSR
utilizes a multiple pass method described in fldeerhere®. All 4 dietary recalls
reflected Mondays (pre-intervention) and Thursdggst-intervention). Total intake
of fructose, lactose, and sugar alcohols were ceahfiom NDSR output files for

analysis. The extent to which dietary fructose laatbse are malabsorbed is highly



variable. Fructose is absorbed efficiently whenstoned in equimolar amounts as
glucosé”’. A healthy individual can consume between 254&0n3 of lactose before
malabosrption can occur and was excluded from aisg?>. Thus total FODMAP
intake was considered fructose consumed in exdegaase, and sugar alcohols.
Oligosaccharide intake is not assessed by NDSPasea and to our knowledge is
not available in any nutrient database reflectmgWnited States food supply.
Breath Hydrogen:

Fasting Breath hydrogen was assessed at all baseliohpost-intervention data
collection days. Samples were collected with tlhn@ron AveoSampler (QuinTron
Instrument Co, WI, USA), as described elsewffer®©nce obtained, samples were
immediately analyzed utilizing the QuinTron Micragr- CM (QuinTron Instrument
Co, WI, USA). The instrument was calibrated 30 jiior to use, utilizing 98-PPM
reference gas (QuinTron Instrument Co, WI, USA)Samples were collected in
duplicate and the results were averaged.

Anthropometrics:

All anthropometric measurements were obtainedeabeginning of each
laboratory session, after the subject had undergdi®hour overnight fast and had
voided bladder. Height, weight, and waist circurafere were all measured and BMI
was calculated. The protocol utilized for colleatiof anthropometric data has been
described elsewheré
High- FODMAP Test Meal:

The test meal was designed to mimic free-livingdibons. The 25g of

FODMAPS associated with the test meal have beemdftainduce increases in



breath hydrogen concentration indicating carbohydnzalabsorptiofl. The test meal
consisted of: 2 pieces of whole grain bread, 1dspugar free preserves, 1 tsp. of
honey, 40 g of raisins, and 12 oz. of milk. Thisainconsists of 478 kcal and
contained 25g of FODMAPSs per serving

Implementation of Dietary Intervention:

At the conclusion of baseline data collection, eswabject was provided with
educational materials and one on one verbal insbru¢approximately 15 minutes in
duration) regarding the dietary intervention to @/hhe or she was assigned. In order
to ensure that the participants were unaware ointieevention to which they were
assigned, the low- FODMAP and high- FODMAP intevams were referred to as
“diet 1” and “diet 2" respectively. Subjects wgm®vided with a booklet to assist
them with adherence to the high or low FODMAP céinds to which they were
assigned. Dietary booklets were made specificallytfe purposes of this study
utilizing previous research studie® * Outside of the laboratory setting no food of
any kind was supplied to study participants.

Power Calculations:

Sample size calculations were performed basedfterehces in post-prandial
blood glucose response seen in a previous studiilbson et af®. This study found
that peak blood glucose concentrations decreas@d3lmmol/L (18 = 5 mg/dL) from
control to experimental conditions. Calculationswshan effect size of .333. All
calculations were based on an alpha of 0.05 ane&pof0.80, and were completed
using G* Power (version 3.1.7). According to theakulations, a 8-person sample

size would be adequate to achieve sufficient power.
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Satistics:

Statistical analyses were performed using SPSSiore22.0 (IBM
Corporation, Summers, NY, USA). Analysis of skessiand kurtosis show that all
outcomes met criteria for normality. Data were &@elcfor outliers utilizing Grubbs
test for outliers®. All outcomes were analyzed using repeated messuralysis of
variance (treatment x time). Post hoc t-tests wéteed where appropriate. Partial
eta squarech) was calculated to estimate effect size, with alkaffect (.10),
medium effect (.250), and large effect (.40) Paired t-tests were utilized to examine
within treatment interactions (baseline and intatian). Total area under the curve
(TAUC) was calculated for blood glucose as welsaljective appetite. Pearson
correlations were utilized to examine relationstopsveen dietary FODMAP intake
and subjective appetite as well as breath hydragerblood glucose. Significance
was considered at p< .05.

Results:

A total of 20 participants were recruited and dedbin the study. Four
subjects withdrew from the study. One withdrew thuenedical reasons unrelated to
this study. Three subjects attended the initisdeseing visit, however, failed to
complete the final four visits. Data obtained frtme remaining 16 participants were
utilized for analysis. Demographic information regented in table 1. There were no
significant differences regarding demographic \a&a of individuals assigned to the
two orders. There was no evidence of an ordecefégarding blood glucose at any
time point as Treatment * order (f6q)= .030, p=.865), time*order (E(2q4)=.120,

and treatment*time*order ([(249=.101, p=.904) interactions were all non-significa
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Assessment of Dietary Compliance FODMAP Intake:

Figure 2 shows FODMAP intake during the two intemi@ns. There was a
significant treatment effect between the two dietaterventions (F(154)=9.845,
p=.0071%=0.395) as well as a significant treatment *timeiaction (F{1s4)=5.316,
p=.033n=0.262). Within treatments analysis showed aiB@gant decrease in
FODMAP intake under the low- FODMAP condition whesmpared to baseline
(2.26+ 3.00 grams to 0.52+ 0.55, t=2.275, p=.038BPDMAP intake during the high-
FODMAP intervention, increased, however, this iaseewas not significant (3.23x
4.68 (g) to 5.04+ 5.36, t= 1.044, p= .313). HightH@AP diet resulted in a
significant increase in dietary FODMAPSs post-intriion, as compared to the low-
FODMAP diet (5.04+5.36 vs. 0.52+0.55 g respectiyvety3.513, p=.003).
Assessment of Dietary Compliance via Fasting Breath Hydrogen:

Data from one subject was determined to be ameowathd was excluded from
analysis. High-FODMAP diet showed modest increaséseath hydrogen when
compared to the low-FODMAP intervention (6.6 £89 2.7+3.3 ppm). There was a
significant treatment effect (E{;)=6.282, p=.028y*= .344) however, time and
treatment* time trends were not significant (Timpe:7631°=.008; treatment*time:
p=.539,1%=.032). There were no within treatment effects ddgtow-FODMAP:
t=1.426, p=.179, High- FODMAP: t=-.216, p=.833).

Blood Glucose:

Two subjects were excluded from biochemical analgisie to abnormal blood

glucose values. Figure 3 compares blood glucag®orese during the low- and high-

FODMAP conditions. Following the high- FODMAP intention, there was a non-

12



significant reduction in blood glucose responserifutes following consumption of
the test meal (124.64+ 22.84 vs. 137.31+30.52 mgkll. 585, p=.137). Treatment
and treatment* time interactions were also notificant, and had small effect sizes
(F(1136)= 1.631, p=.22442=0.111 and R(13¢)=2.391, p= 0.111y%= 0.155,
respectively). Likewise, total AUC was modestlwky under the high-FODMAP
condition (67221861 vs. 7149+1120 mg/dI*min), howguvhese differences were not
statistically significant (t=1.424, p=.178). Analysvith Pearson correlations showed
that blood glucose response 30 minutes after gterteal were inversely correlated to
fasting breath hydrogen levels during the high-FOXMMntervention (r=-.546,
p=.043). Likewise, blood glucose TAUC, under thgthFODMAP condition was
inversely correlated to fasting breath hydrogen.§49, p=.034).

Subjective Appetite:

Post-intervention analysis of subjective hundeveed no significant
differences between the high and low-FODMAP diBteatment (F(154)=0.118,
p=.736) and treatment*time (F4)=0.383, p=.685) trends were not significant.
Under fasting conditions, subjective hunger, urtderlow-FODMAP intervention
was significantly elevated over pre-interventio.@#27.08 vs 64.6823.40 (mm),
t=-2.554, p=.022). Total area under the curvestdijective hunger is presented in
table 2. No significant differences between suijeaatings of satiety were seen
between the high and low-FODMAP interventions. atimgent (F{ 154)=.004, p=.947,
n%=.000) and treatment*time @Fsa)=.201, p=.819y°=.013) were not significant with
very small effect sizes. TAUC for subjective satietas analyzed and no significant

findings were noted. Comparison of post-intervemtiata regarding prospective

13



consumption showed non-significant treatment (50=996, p=.334y°=.062) and
treatment*time (F(1s4)=.043, p=.958y°= .003) interactions. No significant within-
treatment differences were seen regarding prosgectinsumption. Total area under
the curve for prospective consumption showed noifstgnt differences between the
high and low-FODMAP diet (table 2).

Data analysis with dietary compliance:

Biochemical analysis was reassessed includinginhals who were most
compliant with the high-FODMAP dietary interventiomdividuals who consumed
less than 4 grams of dietary FODMAPSs during thén lH@DMAP diet were excluded
from this portion of the analysis. As a result,@8tipants were excluded from this
portion of data analysis leaving a total of 8 maptants for analysis.

Amongst 8 “compliant” participants, FODMAP intak&s increased under the
high FODMAP dietary intervention. Analysis showaedighly significant Treatment
effect (p=0.001y2 = 0.829) and a non-significant treatment*timentt¢F( 7q)=
4.101, p=0.08232=0.369). Within treatment changes were not sicgit. See
Figure 4 for further analysis.

Amongst the 8 “non-compliant” subjects, FODMARPaike¢ was not effected by
the dietary interventions. Non-significant treatinand treatment * time trends
(F(17¢9= 0.082, p=.782°= .016 and R(7¢)0.132, p=.731y1°=0.026). Likewise
there were no within treatment differences durimglow and high FODMAP
interventions (2.14£2.79 vs. 0.49+0.47 and 1.61324. 0.50+ 0.31 respectively).

Blood Glucose:

14



Figure 5 shows blood glucose response amongst campharticipants. Blood
glucose response was associated with significaatrtrent (F(7q4)= 8.293, p=0.024,
n%=.542), Time (F{7¢)= 32.13, p<0.000;°=0.821) and treatment *time interaction (
F(.74)= 7.216, p=0.0073°= 0.508). Post-prandial blood glucose responseruinigh
FODMAP conditions was significantly lower 30 mirteaaftest meal when compared to
the low FODMAP diet (121.38+17.46 vs. 148.25+27 54.521, p=.003). There
were no within treatment differences amongst theitverventions. Paired t-tests
showed a significantly lower TAUC response undghtffODMAP conditions when
compared to Low FODMAP conditions (249.56 + 35.80219.25+ 2189, t=3.603,
p=0.009).

Subjective Appetite:

Analysis of subjective appetite amongst the coamplsample showed no
significant post-intervention differences betwelea high and low-FODMAP
interventions. Regarding subjective hunger, treatniF¢ 74)= 0.856, p=.386r2=
.109) and treatment*time (F{g)= .494, p=.620y2=.066) were not significant with
small effect sizes. Significant within treatmerifeliences, regarding subjective
hunger, were seen 30 minutes after administratidheotest meal under the high
FODMAP intervention (14.13+ 15.75 vs. 21.25+ 16.642.769, p=0.028). Total
AUC for subjective appetite did not show any diéieces between the high and low-
FODMAP diets and are listed in table 4. Likewisatiety was unaffected by the
interventions as indicated by non-significant tneant (F{ 7q)= .140, p=.7192=
.020) and treatment* time (F{4)=0.872, p=.440y2=.111) interactions. Total AUC

for subjective satiety was also unaffected. Progpe consumption remained
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unchanged throughout study as indicated by nonfgignt treatment (F(7q49)=.372,
p=.559) and treatment *time (F)=.069, p=.933) interactions.
Discussion:

Summary:
This study is novel because it was the first stiodgxamine a possible

prebiotic effect associated with a free-living, iiigODMAP diet. The purpose of this
particular study was to examine how changes iradigtODMAP consumption,
amongst a healthy sample, in a free-living settimgild affect blood glucose and
subjective appetite ratings in both fasting and4poandial conditions. The results of
this study indicate that there was limited dietaoynpliance during the high-
FODMAP intervention. This limited compliance regal in non-significant
differences regarding fasting breath hydrogen. @hesre no significant differences
regarding blood glucose concentrations as a rethie dietary interventions. Partial
eta squared was calculated and indicated that iixesea small effect size between the
two interventions (0.155). However, the negativeeation seen between breath
hydrogen and blood glucose is suggestive of a ptieleffect.

To examine a possible prebiotic effect associatigal dietary FODMAPS
individuals with the highest total FODMAP intakene@@nalyzed. Significant
decreases regarding blood glucose response werénstte sample of compliant
individuals. No changes significant regarding satiye appetite were seen in the
sample compliant with the high-FODMAP diet.

Effect of FODMAP intake on blood glucose response:
Fermentation of dietary carbohydrates by colonicrobiota has been found to

influence blood glucose response through increpsedliction of short-chain fatty
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acids (SCFA). SCFAs bind to L-cells lining thedstinal epithelium resulting in
increased production of a variety of gut-peptidentmnes, most notably glucagon-
like-peptide 2. Previous studies have shown that supplementafion
fructooligosaccharides can increase concentrabb@_P-1 in the proximal colon by
50%2. Binding of GLP-1 to beta cells increases expoessi glucose transporters
making the beta-cell more “sensitive” to the preseof extracellular gluco$é*’ An
increase in GLP-1 has been associated with inaleadevity of beta-cells in the
presence of gluco$é&*? Experimentally, increased endogenous productfdBLP-1
has been inversely associated with blood glucasgorese amongst a healthy
samplé®.

The present study analyzed blood glucose acrossathele of 16 participants;
however, no significant differences between the divabary interventions were seen.
This was likely due, in part, to poor dietary adimere under high FODMAP
conditions. Amongst the sample of 16 subjects|dhneFODMAP dietary
intervention was successful in decreasing FODMARK& from baseline assessment.
Under the high FODMAP intervention, FODMAP intakereased by 4.52 grams
over the low FODMAP diet. While this was a statially significant difference, this
discrepancy regarding FODMAP intake between thedigts was likely not large
enough produce a prebiotic effect.

Dietary compliance amongst the sample was alsoderesl. Individuals with
the highest FODMAP intake throughout the high-FODRiAtervention (n=8) were
analyzed. Reanalysis of blood glucose for thisgarshowed a significantly reduced

blood glucose response. Furthermore, this sanmoleed reduced post-prandial
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blood glucose response 30 minutes after administraf test meals. Previous studies
show similar changes in post-prandial glycemic oasgs; however, these
interventions were associated with considerablyen®®DMAP intak&'??

Brighenti et af** showed significantly reduced glycemic responseragsba sample
consuming 5 grams of lactuldée However it should be noted that these studies
involved supplementation of FODMAPSs. In order thiave target FODMAP intake,
individuals either consumed food in laboratoryiagtbr were provided with food to
consume outside of the laboratory settings. Thrsiqular dietary intervention only
utilized dietary instruction and all choices regagdFODMAP intake were made by
the participant in a free-living setting. Theseulesssuggest that a prebiotic effect in
the form of significant changes in post-prandigicgimic response can be achieved
with relatively small changes in FODMAP intake.

Importantly, indications of a prebiotic effect warot evident in the
noncompliant sample. This sample consumed 0.50gcd FODMAPS during the
high FODMAP intervention, and no indication of @piotic effect was seen in the
form of reduced glycemic response.

Deter mination of sample compliant with high-FODMAP diet:

Assessment of FODMAP intake for dietary compliamwes performed in
accordance to previous reseafch The NDSR database utilized for quantification of
FODMAP intake did not assess dietary oligosacclearmbnsumed. Assessment of
total FODMAP intake included fructose, lactose, andar alcohols. Fructose and
lactose are considered to be conditional FODMARstduhe variation regarding their

absorption amongst healthy populations. Fructimsesxample, is absorbed through
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two transport mechanisms: the GLUT 2 and GLUT &gpmrters. The GLUT 5
transporter is specific for fructose, has a highay for the monosaccharide,
however, its ability to absorb glucose is limitédhe GLUT 2 transporter absorbs
fructose in conjunction with glucose; thereforetalig fructose is only completely
absorbed when equimolar concentrations of glucosemserif*> Thus in order to
be considered a dietary FODMAP, fructose intaketbagkceed that of glucodé®
Lactose was not considered a FODMAP for the puigpo$é¢his study due to the
selection criteria allowing only for individuals winad no diagnostic history of
lactose intolerance and considered themselved@llensume lactose.

Breath Hydrogen:

In addition to SCFAs, hydrogen is another commgpraduct of fermentation
of malabsorbed carbohydrates. Hydrogen gas, pradadde colon, is absorbed
through the walls of the intestine, entering th@oldistream, and is subsequently
excreted as a component of exhaled bf&akflicrobial fermentation of carbohydrates
is considered the only means through which thigdbr hydrogen” can be generated
29 Breath hydrogen testing is a reliable methothe&suring the extent to which
carbohydrates are being malabsorbed and ferm&itéd Changes in breath
hydrogen concentration are indicative of quantftF ODMAPs consumed and also
the rate of digestion. The ability of dietary FBPs to evoke a prebiotic effect has
been intimately linked to changes in breath hydnd§e This particular study found
a non-significant increase in fasting breath hydroduring the high- FODMAP
intervention (2.11 vs. 6.36 ppm). While statigkisignificance was not obtained, the

breath hydrogen values obtained under high-FODM@&mIitions approached the
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upper limit of what would be expected for healthglividual$®. Importantly, this

study did find an inverse relationship betweenifgsbreath hydrogen values and
blood glucose response indicating a close relatiprsetween increased colonic
fermentation and glycemic response. Furthermbesd findings are consistent to that
of previous researéh

Effect of intervention on subjective appetite:

Gut peptide hormones have also been shown to inspégtctive appetite. For
example GLP-1 has also been shown to bind to affererve fibers of the central
nervous system resulting in increased feelingsibéty/*°*2 Intravenous infusion of
GLP-1 in a healthy human sample resulted in in@@é#selings of “fullness” and
satiety that were not seen in the control grou(@3)*°. Peptide PYY is another gut
peptide hormone found to impact subjective appetibese individuals are subject to
reduced endogenous PYY concentrations, and in@@asndogenous PYY has been
found to attenuate appefite Cani et af* showed increased colonic fermentation
associated with FOS supplementation resulted ireased GLP-1 and PYY, and
subsequent reductions in subjective hunger afs¢aredardized test me& A recent
study regarding supplementation of fructans, ireaiving sample, reduced
subjective hunger ratings in a dose dependent m#p#6.03f>. In the present study,
there was no difference between the two dietagriantions regarding subjective
appetite ratings perhaps due to insignificant dose.

Srengths and limitations:
The crossover design of this study was a majength since each individual

served as his or her own control and eliminatediptsinequities in experimental and
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control groups that may exist in between group arpental designs. All outcomes in
this study (blood glucose, cholesterol, and subjecppetite) were measured utilizing
validated instrumentation.

Possible limitations of this study include the o$&DSR to analyze
FODMAP intake. The inability of NDSR to quantiffigosaccharide consumption in
our sample limited our ability to access dietargnptiance. Future studies may
consider alternative methods of assessing FODMAdkaT’. Further limitations was
our small sample of healthy participants, whichitgntthe generalizability of our
findings. Further work my consider utilizing suttie with, or at risk of type two
diabetes.

Conclusion:

The dietary intervention, utilized throughout tetady, was unsuccessful in
increasing FODMAP intake sufficiently to producprabiotic effect in the sample of
16 healthy young adults. However, when examinigig drom individuals consuming
greatest quantities of FODMAPs during the high FOE®Vperiod of the intervention,
a potential prebiotic effect was encountered as seeeduced postprandial blood
glucose response. This indicates a possible grelpotential of FODMAPS
consumed in a diet of free-living individuals. Hewer, longer-term studies, with

larger compliant samples are needed to confirmethesults.
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Phase |

Phase Il

Allocated to Low- FODMAP
diet
n=8

Allocated to Low-FODMAP
dieti
n=8

Assesved for eligibility
n=20

Randomized,

n=16

B) Laboratory Data Collection:

Fasting

Allocated to High-FODMAP
diet:
n=f

Allocated to th-FﬂDHﬁP
diet:
n=8

Figure 1: A. Progression of individuals through phases of this study. Phase | and I were separated by
11 -day washout period. * Indicates that four subjects withdrew from this study, one for medical
conditions unrelated o the study and three failed to compete any assessments beyond baseline. B)
Laboratory Data collection. Occurring Tuesday (Baseline) and Friday (Post- Intervention]. VAS,

Visual analogue scale.
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Table 1: Demographics, n=16

Variable

Female, n (%) 10 (62.5)
Male, n (%) 6 (37.5%)
Age (yr), M£SD 20.47£1.77
Body Weight (kg), M+SD 63.85+11.65
Body Mass Index (kg/nf), M+SD 22.21+2.45
Waist Circumference (cm), M£SD 78.98+7.57
Body Fat Percent (%)*, M+SD 18.80+10.37

*body fat percent obtained via BOD POD Body Composi
System (Life Measurement Instruments, Concodlif CUSA)

28



wul
)

S

e=(meHigh- FODMAP
= @=].0w-FODMAP

N

Total FODMAP Intake (g)
w

[uny

Baseline Post-Intervention
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the curve. Data is from n=Btubject. A) Treatment and treatment * time interactions weresignficant as
determined by a repeated measures ANOVA (p=0n2=0.111 and p=0.1112=0.155 respectively). There w
a significant effect of time (p<.001). Shows total area under the curve for both treatsB). Non-significant
treatment, time, and trement by time interactions noted between the twattnents (p=0.38, 0.473, 0.324
respectively).
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Table 2. Subjective appetite expremiﬂAUC1L (meansd)

Low-FODMAP diet High-FODMAP diet ANOVA2
Baseline Post A Baseline Post A p-value n’
Hunger 1635+ 1041 1959+ 806 324 173941059 2079+894 340 655 025
Satiety 3516865 3317+ 839 -19¢ 3615+ 857 32796100 -336 819 013
Prospective Consumption 1830+ 1152 1796+ 590 34 - 1687+ 800 2006+ 765 328 .958 .003

1:TAUC for visual analogue scales is expresseanams*(nin) for the sample of n=16
2: indicates use of 2x2 repeated measures ANOWalfe andy? are for treatment*time interaction



Figure 4: FODMAP intake (excluding conditional FOBMs) n=8
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Baseline Post- Intervention

FODMAP consumption excluding conditional FODMAPtlase. Fructose was only included when
consumed in excess of glucose. Only includes iddais who were compliant (consumed >4 grams of
FODMAPSs as estimated from 24-hr Recall). Signifidaeatment effect (Treatment: F{)=
33.875,p=0.001,%= 0.829). A non-significant treatment*time trendswaoted (F(7q)=
4.101,p=0.0821=0.369)
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Figure 5: A) Bood glucose concentratic (post-intervention) comparinggh and low FODMAF
conditions (MearxSD). Data is fror n=8 participants who were considered to be compiiatt higr-
FODMAP diet. Treatment, Time, and Treatment* timateractions were all significant as determil

by repeated measures ANOVA. F-prandial blood glucose response 30 min after testl

significantly lower undehigh- FODMAP conditions (p=.003). Bljotal AUC was significantly lowe

under highFODMAP conditions (p=009).

* Indicates statistically significant decrease unidigh FODMAP conditions when compared to |

(P<0.01).
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Table 3. subjective appetite expresseTJIAalaI;C1

Low-FODMAP diet

High-FODMAP diet

ANOVA 2

Baseline

Baseline Post

p-value n

Post A A
Hunger 1830 1152 1796+ 590 -34 1687800 2006765 319 -.31‘;‘; -1;39

Satiety 3476+1124 38102414 -334 3960+ 893 3650+700 -310
Prospective Consumption 2023+1202 1996+ 1042 -27 18501213 215041077 300 462 080

1.

TAUC for visual analogue scale is expresse@nm*min) for the sample of n=8
2: indicates the use of 2x2 repeated mead\N&VA. P-value and)’are for treatment*time interactions.




APPENDICIES

A. REVIEW OF THE LITERATURE

Overview:

Approximately 100 trillion bacterial cells coloniee Human colorr.
Recent research indicates that the metabolic act¥ithis colonic microbiota can
make a significant contribution to the overall hleand well being of the host
organisnt’*® Dietary components, mostly carbohydrates ancesproteins, that
evade digestion and absorption in the small imtesdre subsequently deposited in the
colon and are subject to the metabolic activityhef resident colonic microbiota.
Research indicates that bacterial metabolism @ddiecarbohydrates can have
important implications regarding a wide varietynoétabolic processes in the human
body. Fermentable oligosaccharides, disacchandesosaccharaides and polyols
(FODMAPS) are a class of carbohydrate that evadgreatic hydrolysis in the small
intestine and are subsequently metabolized viadetation by colonic microbiofd®
The chemical properties of FODMAPS along with byfurcts of their fermentation
are known to exacerbate symptomology associatddagitain functional
gastrointestinal disorders, most notably irritaidevel syndrome (IBSy*°
However, colonic fermentation of FODMAPs has alserblinked to a number of
health benefits most notably improved blood gluaesponse, decreased appetite, and
prolonged periods of satiety. Thus dietary FODMABSsId play an important clinical

role regarding a wide variety of metabolic disosder
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Characteristics and Dietary Sources of FODMAPSs:

Carbohydrates are a diverse class of macromoleleolgmeric forms of
carbohydrates are classified by molecular sizeredegf polymerization, individual
monomers making up polysaccharides, as well ag/ges of linkages between
monomer&. FODMAPSs are often characterized by consistinges&-glycosidic
linkages with a low degree of polymerization (>1®wsnits) distinguishing them from
longer chained polysaccharides and dietary fi8erShese unique short chain
carbohydrates are common in a wide variety of fabds are often consumed in a
modern western di#t®> Polymers of fructose, galactose, as well asrsaigahols
are amongst the most commonly consumed FODMAPSsrindernized diet’.

Fructans or fructo-oligosaccharides (FOS) are arsiothg most common
dietary FODMAPS'"®2 Dietary sources of FOS are wheat products, souiis f
(apples and pears), as well as héhe¥ructans are also commonly seen in grains and
pasta products most notably wheat pasta, glutengiasta, and quinoa pastahe
ability of the small intestine to absorb dietary$@® severely limiteG*.

Experimental evidence indicates that up to 89%ngésted fructans reach the colon
intact”. Thus the energy production associated with émgis estimated to be 9.5
kJ/g which is about half of that of sucrbse

Galactans or Galacto-oligosaccharides are anotmemon FODMAP present
in modern diets. Synthesized via enzymatic readtiom lactose, galacto-
oligosaccharides are composed of a chain of galaagtoonomers with a terminal
glucos&. GOS are associated with a degree of polymeoizaif between 2-8

monomeric subunifs. Beta-glycosidic bonds connecting these galaatoseomers
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result in 90% of ingested GOS passing through thellsntestine to the col$h

Dietary sources of GOS include soy products, doeghs and peas, lentils humus, and
are also associated with coffee consumpfiothe amount of GOS contained in the
diet is highly variable and is often dependenttamintake of legumé&5® Galactan
consumption is associated with a high prevalenceal&bsorption in the small
intestine and are thus categorized as FODMAPs.

Consumption of sugar alcohols (polyols) has beewing in prevalence in
modernized society. The human small intestine lackymes capable of hydrolyzing
or absorbing polyols and experimental evidencecetgis that as much as 70 percent
of ingested polyols are malabsorffedDue to this high rate of malabosrption, polyols
are considered to be a “low-calorie sweetener” jiog approximately 2.4 kCalsfj.
Furthermore, polyols, such as sorbitol and manhiéee been associated with a
similar “taste-profile” to other carbohydrates s@ashsucrose and are utilized
commercially as a low calorie alternative to sueroSorbitol and mannitol are
featured in a variety of products such as chewung,gnints, tooth pastes, and
sweetened beveradé&® Polyols also exist in nature in plants and fiorcas
osmoregulatory agents as well as an energy s6tirdeolyols are naturally derived
from fruits such as apples, pears, and apricotsasmdssociated with a variety of
vegetables such as cauliflower, sweet corn, sn@s pad mushroorfis®®®’

Mal absor ption of FODMAPs:

Malabsorption of macronutrients is regarded asrtability of the digestive
system to enzymatically hydrolyze and absorb notsien the small intestine. On one

hand, carbohydrates associated wHijlycosidic linkages are readily absorbed by the
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human bod{’""* Salivary and luminal hydrolase enzymes readégwe these bonds
allowing for absorption of these carbohydratesugtotransport proteins located in
the first mucosal membrane of the small inte$find@hese hydrolase enzymes are
unable, however, to hydrolyze tfeglycosidic linkages that are associated with
FODMAPs, thus inhibiting digestion and absorptidhese carbohydratés

The lumen of the small intestine presents a subatdrarrier regarding the
rapid diffusion of large water-soluble moleculemienterocyted. While some
absorption of dietary nutrients occurs through pasgiffusion, the absorption of
dietary carbohydrates is largely dependent on ¢epdirate transporters located in the
enterocytes of the small intestiffe Both active transport and co-transport
mechanisms are employed as a means of absorbitagydoarbohydrates. These
transport proteins are highly specific and arerofimited in the amount of certain
carbohydrates that can be absorbed. For exaniptarylfructose that is consumed in
its monomeric form can also act as a “conditiof@@DMAP. Fructose can be
absorbed through two mechanisms: GLUT-5 transpartdrthe GLUT-2
transporte”’. The GLUT-5 transporter is specific for fructohewever, its ability to
absorb dietary fructose is limit€d®. While in the GLUT-2 transporter, fructose is
absorbed in conjunction with glucose; thereforgatiefructose is only completely
absorbed when equimolar concentrations of glucoser@sent’. Thus diets that are
associated with a fructose intake that exceedofigiticose are associated with
malabsorption. Even in healthy individuals, dieteoypsumption of fructose that
exceeds 25 grams is often associated with malatisoripdicating that dietary

fructose is only partially absorbed in the smatégtine’.
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Osmotic Effect:

One of the most notable characteristics of dieEDPMAPS is their ability to
exert an osmotic effect on the gastrointestinalesys High quantities of dietary
fructo-oligosaccharides, galacto-oligosaccharides, polyols, act to draw water in to
the lumen of the small intestine through simpléudibn®°® Supplementation of a
5% solution of mannitol in healthy individuals wstsown to increase luminal small
intestinal water concentration 50 mL, while supptatation of glucose was found to
stimulate absorption of 147 mL of water in the drirdestine (P<0.0001% The
ability of dietary FODMAPs to exert this osmotidesft can have important
implications regarding luminal distension, abdormein, and diarrhea that are
associated with high levels of dietary FODMAPs

Barrett et al® examined the osmotic effect of a high FODMAP nirah
subjects with ileostomy. Throughout this analysdividuals consumed a high
FODMAP test meal, and ileostomy effluent was caéddcand analyzed for FODMAP
content. Ultilizing this “ileostomy model,” it wa®nfirmed that an average of 32 %
(95% Cl, 6-73%) of FODMAPSs consumed escape digestithe small intesting
Furthermore, increases in FODMAPs found in ileost@ffluent were associated with
a 22 % (95% ClI, 5%-39%) increase in water coniedicating that malabsorbed
carbohydrates are osmotically actt8 This analysis confirms the ability of a high
FODMAP diet to exert an osmotic effect on the srméistine and establishes a
mechanism through which these carbohydrates cantajastrointestinal tolerance.

I nfluence of FODMAPs on Orocecal Transit:
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The ability of dietary FODMAPs to exert an incred®smotic effect can have
important implications regarding orocecal transithe ability of FODMAPS to draw
water into the lumen of the intestine results kré@ased peristaltic activity increasing
the rate at which food travels through the gastesiiinal tracf®. Ingestion of 25g of
fructose and 5 g of sorbitol was found to havegaifcantly higher rate of intestinal
transit when compared to control (P= 0.00%3Jurthermore, the length of
carbohydrate polymers was found to significantheeforocecal-transit. Short chain
carbohydrates (degree of polymerization >10), #hatmalabsorbed, have been found
to have reduced orocecal transit times when cordparnger chained carbohydrates
(degree of polymerization <10) This shows that FODMAP consumption can alter
the function of the small intestine and deliverastgd nutrients to the colon at a
higher rate than longer chained, less osmioticailyve carbohydrates.

Rapid Fermentation of Malabsorbed FODMAPS:

Malabsorbed carbohydrates are subsequently degasitbe proximal colon
where they serve as substrate for microbial metsinol Colonic microbiota utilize
fermentation reactions to metabolize FODMAPSs, whscbharacterized by increases
in hydrogen gas formed in the colon. In conditiassociated with low dietary
FODMAP consumption, production on hydrogen gasdigrac micro flora is low.
However, increases in dietary FODMAPs will resalimeasurable increases in
hydrogen productio®’® Hydrogen gas that is formed through this proiess
absorbed through the wall of the colon where ieenthe blood stream. Once it enters

the blood stream, the hydrogen gas is subsequexthgted through the lungs’®
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Thus any changes in breath hydrogen concentratm$e attributed to colonic
fermentation/>"®

Due to their short-chain length and ability to e»ar osmotic effect, dietary
FODMAPS are readily fermented by colonic microbiofdne ability of a
carbohydrate to exert an osmotic force is inverpedyportional to its degree of
polymerizatiori”. Thus the ability of FODMAPs to draw fluids intlee lumen of the
small intestine enhanced over longer chained potyside$’. This increase in
osmotic force “increases surface area availableaymatic attack” making
FODMAPs more susceptible to bacterial metabolfsmA recent single blind
crossover analysis showed that FODMAP consumptgmfgantly influenced breath
hydrogen levels (low FODMAP diet, 43 £18 vs. hig[BMAP diets 181+ 79ppm,;
P<0.0001)**. Changes in breath hydrogen concentration areatisie of quantity of
FODMAPs consumed and also the rate of digesidh Thus measurement of
breath hydrogen can have important applicationgwassessing an individual's post-
prandial physiological response to FODMAP consuopti

Role of FODMAPsin IBS

The poor digestion, osmotic effect and high ratbafterial metabolism that
characterize dietary FODMAPs have important impiass regarding symptomology
associated with irritable bowel syndrome. FODMARabelism has been found to
induce luminal distension, abdominal pain, bloatiad distensich Diets that
minimize FODMAP consumption have been associatdd reduction in symptoms
associated with IBS. Staudacher et &f.found that 76% of IBS patients (n=43)

placed on a low FODMAP diet reported improvementsyimptoms when compared
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to a healthy control group (49%; P< 0.081) Another analysis showed that long-
term implementation of a low FODMAP diet resultadsignificant clinical
improvements in 81% of IBS patients over a one mgetiod. This clinical
improvement was maintained in 66.7 % of pati€n8ymptomatic relief is directly
correlated to decreased levels of breath hydrogggesting that carbohydrate
malabsorption could be clinically significant iretpbrovocation of gastrointestinal
symptoms’3*

Potential prebiotic effect of FODMAPs:

There is a multitude of different species andisty of bacteria that colonize
the human colon. Some species of microbiota sadifaobacteria and lactobacilli
are beneficial to the overall health of the hoglamism yet others (eg. Clostridium)
can negatively affect the overall hedithConsumption of poorly digested
polysaccharides and oligosaccharides have shopwrotoote the development of
these types of “healthy” colonic microbiota. Gihsand Roberfroid* defined
prebiotics as ‘non-digestible food ingredients thelectively stimulate growth and/or
activity of one or a limited number of bacterial@ colon, thereby improving host
health’®’. These alterations in the colonic microbiota kawe important implications
regarding a number of risk factors regarding dgwelent of metabolic disedSe

The ability of FOS to exert a prebiotic effecslmeen studied rather
extensively. FOS supplemented in bacterial cultdirzl different strains of
bifidobacterium was associated with significanttbaal growth. Almost all of the
strains of bifidobacterium were able to grow onedmam containing FOS, while only

8 strains were able to show significant growth a@dmams containing the longer chain
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inulin 8. Fructooligosaccharides have also proven to beffative prebiotic in
human models as well. Fecal bacterial concentratim humans, were found to have
a dose-dependent relationship regarding oligofeegupplementation (p<. 00%)

This indicates that supplementation of FOS candvamtageous regarding cultivation
of colonic bacterium that are regarded as benéficidhuman health.

While not studied as extensively as FOS, GOS supgiation, in healthy
human populations, has also been associated witindicant probiotic effect.
Supplementation of 10 grams of GOS throughout d&3lintervention period showed
a significant increase in breath hydrogen accongabby increases in bifidobacterium
8 More recently, supplementation of 10grams of336r a 10 day period was found
to have significant increase concentrations of mialonicrobiota (P<0.000%f. These
results were not seen with longer chain starchddibars indicating that the low
degree of polymerization associated with GOS careratfective prebiotics than
longer chain fibefs.

Due to poor gastrointestinal tolerance, polyoteeech regarding a possible
prebiotic effect is lacking. Polyols, such as #otbare associated with similar
chemical properties as other FODMAPSs such as G®&, thus a possible
prebiotic effect associated with colonic fermermatof polyols cannot be ruled out. In
vitro analysis has shown that supplementation dfitm to bacterial media results in
increased bacterial proliferation, most notably@ases in lactobacilli, which are
largely considered to a beneficial species of dolamicrobiota®. Furthermore,
sorbitol supplementation in rats has been assakcvwaith a prebiotic effect as well.

Supplementation of sorbitol over a 16-day periodaits resulted in significant
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increases in lactobacill¥& While a direct link between polyol consumptamd a
prebiotic effect in humans has yet to be estabtishg@erimentally, thus this area of
study warrants further research.

Prebiotics and Short-Chain Fatty Acids and Gut peptide hormone production:

Prebiotics are considered to be beneficial tootrerall health of the host
organism through the ability of these carbohydradesultivate the growth of
favorable species of colonic microbiota. As premly stated, high levels of
bifodobacterium and lactobacilli are associatedh\wetalth. One of the main
hypothesis through which these species of colomecahiota are able to elicit this
beneficial response is through production of shbain fatty acids (SCFA}®®
Short-chain fatty acids are a byproduct of anaerai@tabolism of dietary
carbohydrates. Experimental evidence indicatessS& A production through
bacterial fermentation is linked increased serunceatrations of gut peptides such as
glucagon- like peptide 1 and peptide ¥¥ Increases in these peptides have been
associated with enhanced insulin sensitivity, iasegl feelings of satiety, and reduced
energy intak&.

Glucagon- like peptide 1 (GLP-1) is known to ihece a wide variety of
metabolic processes throughout the b8dyGLP-1 is released by L-cells located in
the intestine in response to food intdkeGLP-1 has shown the ability to confer
insulin sensitivity through binding to pancreatit# cells”. Binding of GLP-1 to
beta cells increases expression of glucose tratgspanaking the beta-cell more
“sensitive” to the presence of extracellular gleet’s® An increase in GLP-1 has

been associated increased activity of beta-céliérpresence of gluco$&™
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Furthermore, GLP-1 has also been shown to bindféoemt nerve fibers of the central
nervous system resulting in increased feelingsiés'>*> GLP-1 is an important
modulator of metabolic homeostasis and has potdont@momote decreased energy
intake and weight los§*>

Modulation of colonic microbiota through prebiotiopplementation can have
important implications regarding post-prandial alations of GLP-1. Increases in the
SCFA acetate and propionate concentrations havedfe®vn to stimulate circulating
concentrations of GLP-1 in mi€& Furthermore, increases in GLP-1 were associated
with subsequent improvements in glucose tolerandeoaidative stres& Cani et al
“2 utilizing an animal model, examined the physidtageffect of FOS when
supplemented in to a high fat diet. FOS suppleat@amnt was found to increase
concentrations of GLP-1 in the proximal colon by®. This increase in GLP-1
was associated with a reduction of energy intakkvegight loss at the conclusion of
the 15-day interventidf Increases in plasma GLP-1 concentrations hawebalsn
associated with increased glucose tolerdhceurthermore, animals lacking the
cellular receptor for GLP-1 were associated witpdrglycemia and weight gain
despite FOS supplementatifin This shows that GLP-1 has an important role
regarding postprandial metabolic homeostasis.

Increases in serum concentrations of GLP-1 haspaitseed to be important in
humans. Flint et af* examined the effect of intravenous infusion of GLBn
subjective hunger in a healthy human sample. kperanental group experienced
increased feelings of “fullness” and satiety thatevnot seen in the control group

(p<0.03)**. Furthermore, increases in GLP-1 was associatétdar2% decrease in
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energy intake (p=0.002) as well as reductions @odlglucose (p<0.00Z)Thus
increasing post- prandial GLP-1 concentrationsteare important health connotation
most notably increased glucose sensitivity, redwseztgy intake, and subsequent
weight los§®*2

Peptide YY (PYY) is another important gut-deriiemrmone that is known to
influence energy intake and may be stimulated lepiptics*. Like GLP-1, PYY is
secreted by L-cells in the small ileum and coloreisponse to meal intake. PYY has
been shown to induce post-prandial satreynd circulating levels of PYY have been
shown to influence size and timing of me&ls Furthermore, reduced levels of PYY
have been shown to increase incidence of obesityrestoration of PYY
concentration to normal post-prandial levels at&tes appetitd. Supplementation of
gel-forming fibers has been associated with in@eas circulating PYY.. Over a
three-week intervention, healthy individuals supptated PolyGlycopleX, a
manufactured soluble dietary fiber. Supplementatibthis fiber significantly
increased PYY concentrations over the intervenpemnod and was inversely
correlated with blood glucose (r= -0.27,P=0.0%6)While this analysis did not show
a decrease in weight or energy intake amongstogaatits, it does provide an alternate
mechanism through which supplementation of pretsatan induce health benefits

Supplementation of sugar alcohols has also pretffective regarding
increasing serum concentrations of PYY Lactitol supplementation, in male Wister
rats, was found to significantly increase postpra@ri@YY concentrations when
compared to the control group and was also assacwith subsequent decrease in

energy intak&. Furthermore, supplementation of lactitol waaisged with a
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decrease of colonic pH through accumulation of S@#Augh fermentation of
malabsorbed lactitol by colonic microbiota. Suppdmtation of lactitol in humans
significantly increased breath hydrogen productiodicator of colonic fermentation)
when compared to the sucrose consuming cdatrdhis analysis did not show
increased PYY concentrations in humans as a reslattitol supplementation;
however, polyol supplementation did attenuate pasiial decreases in serum PYY
concentrations that were seen with the corifrol

Cani et al?* showed that FOS supplementation amongst a hetaltiman
population can significantly increase breath hyedrognd gut peptide hormone
concentrations resulting in a subsequent reduaticabjective hunger ratings. This
analysis determined that increased colonic ferntiemt@associated with prebiotic
supplementation was associated with significantiases in GLP-1 and PYY
concentrations after a standardized test fhedhese increases in GLP-1 and PYY
were associated with lower subjective hunger ratasgycompared to the control
group. Furthermore, postprandial GLP-1 concemmnatwere significantly correlated
with breath hydrogen excretion (r=0.85, p=0.007)levhostprandial blood glucose
concentrations were determined to be inverselyetated with breath hydrogen (r=-
0.73, -=0.02¥% This indicates that colonic fermentation of nhalarbed
carbohydrates (prebiotics) can significantly inseepostprandial concentrations of gut
peptide hormones, most notably GLP-1 and PYY, whkeihtranslate in to reduced
glycemia and hunger ratings amongst a healthy husaamplé®

Glycemic Index, Colonic Fermentation and Blood Glucose:
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Glycemic index (Gl) is defined as “blood glucosgsing potential of a
standard quantity of carbohydrate, compared wiluaose control®** Reduced
glycemia associated with a low Gl diet is mostlijkeslated to the rate at which
carbohydrates are absorbed. Carbohydrates witfhaglycemic index are easily
absorbed and will result in rapid increases inpastdial blood glucose
concentrations. Carbohydrates with a low glyceimiex are often malabsorbed and
thus reduce postprandial glucose levels. Malabsiopoetions of low Gl meals are
subject to colonic fermentation and been linkeditminished insulin and blood
glucose responses which is often accompanied Wgrged periods of satiety as well
as reduced subjective hunger ratings.

One of the most important health benefits assediaith consumption of LGI
foods is the ability of these foods to promote éaand meal effect.” A concept,
originally described by Jenkins et &.and Wolever et df states that the glycemic
index of an initial meal is a determinant of thestpoandial physiological response at
subsequent meafs*™?®> During a one day test period, healthy voluntest® were
administered a LGI “breakfast” were found to hairaidished insulin and post
prandial blood glucose responses after adminietratf a HGI lunch 4 hours latgr
A follow- up study found a similar relationship ieten glycemic index and
postprandial blood glucose response at subsequeaigfWhile these studies were
not able to establish a relationship between col@armentation and improved
glucose tolerance, LGI foods containing large an®ohpoorly absorbed
carbohydrates have the potential to improve glutoleeance, a concept supported by

subsequent researth®™
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A series of studies performed by Nilsson €faf*'were able to establish a
direct relationship regarding glycemic index, catoiermentation and subsequent
postprandial physiological response. These stuakpbred whether glycemic index
of an evening meal would effect physiological resgmfollowing a standardized
breakfast. Results showed that low Gl meals reduit increases in breath hydrogen
when compared to the control (p=0.026). Furtheemblood glucose response was
reduced following the low Gl meal when compareth®control (p=0.019). A follow
up study by Nilsson et &t.was able to showed that blood glucose response was
inversely correlated with breath hydrogen valuesQi27; p<0.05) as well as GLP-1
(r=-0.26;p<0.05¥. Subijective ratings of satiety were found to bsifively correlated
with breath hydrogen (r=-0.27; p<0.61) These studies establish a strong connection
between colonic fermentation, thus increased miatabetabolism of poorly digested
LGI foods, and improved postprandial responseshaadthy adult population.

More recently, a study was conducted examiningptissible second meal
effect associated with consuming a meal of bronanbe Brown beans are not only
considered to be a low Gl food, they are also agsmtwith over 8 grams of soluble
fiber, 6 resistant starch, and 3 grams of raffin@seommon galactooligosaccharide)
per portion of brown beaffs Supplementation of these brown beans, amongst a
healthy population, proved to be readily metabalibg colonic microbiota. Breath
hydrogen, utilized as an indicator of colonic mel&m, increased 141% compared to
the control (p<0.0%}. These increases in colonic fermentation were agsociated
with subsequent increases in the short-chain &tiys proprionate (16% p<0.05) and

isobutyrate (18%; p<0.01). In addition, satietydiating hormones were increased as
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a result of the brown bean meal (PYY increased 51€6;001) and post-prandial
blood glucose was significantly reduced (-15%;p4&fter a standardized HGI test
meaf®. Finally, subjective hunger ratings were 15 % Ipimethe experimental group
than the control group (p<0.05). This analysikdigolonic fermentation with
improvement of important cardiometabolic markers.

Brighenti et al'* examined how colonic fermentation of indigestible
carbohydrates supplemented into sponge cake wdfelct glycemic response at
subsequent meals. This analysis utilized a crgss-aesign in which subjects
randomly consumed three types of sponge cake \@myinarbohydrate content. The
control for this analysis was a high glycemic ing@onge cake, containing an easily
digested amylopectin starch. The second spongewak made with LGl amylose
starch. The third meal consisted of a sponge cak&ining similar ingredients to the
HGI control, however, 5 grams of lactulose was addeplace of amylopectin.
Lactuose is a synthetically derived disaccharid hmalabosrbed and subsequently
fermented by colonic microbiofd Results showed that the LGl and HGI-Lactulose
interventions resulted in similar postprandial Wapucose responses when compared
to the HGI meal. Improved glucose tolerance waedm both interventions and
significant increases in breath hydrogen were $e€0.001 for both LGI and HGI-
Laculose). This analysis shows that colonic fertaon of carbohydrates,
independent of glycemic index, can improve subsegglycemic response post meal

12

Colonic Fermentation and Subjective Hunger and Energy I ntake:
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The ability of dietary FODMAPSs to reduce postprahdasulin and glucose
responses is important regarding their abilitynmtice prolonged periods of sati€ty
Meals that are high in glycemic index are assodiatith a sharp increase in blood
glucose immediately following meal consumptiondated by a drastic decrease in
blood glucose 2 hours following the m&alThis sharp decline in blood glucose levels
has been linked to feelings of hunger and has been to immediately precede meal
initiation. A meal associated with a low glycermdex does not induce the drastic
increases in blood glucose that are seen with H&lIsnproviding prolonged feelings
of satiety. HGI meals were found to increase stilyje appetite scores by as much as
44% amongst a population of obese fem&lesThus the ability of LGI meals to
reduce postprandial glycaemia can have benefitipact regarding appetite
sensations and potentially energy intake.

Studies regarding FODMAPs in an animal model hénsve that dietary
FODMAPSs can have important implications regardingder and overall energy
intake. Supplementation inulin afiehlucan in to the diet of mice resulted a 30%
(inulin) and 37% [§-Glucan) reduction in energy intake resulting meight reduction
amongst the sampfé. The experimental group experienced increasedesdrations
of GLP-1, which was attributed to the increaseS@FAs®’. Consumption of
fructans in human populations has also shown toaeedubjective hunger ratings.
Peterson et &° showed that supplementation of fructans in a hgditiman
population reduces subjective hunger ratings insedlependent manner (p<0.03)

under free-living conditions.
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Consumption of dietary FODMAPSs has also been shownediate energy
intake. Rosen et af.determined that a cereal based breakfast thagisitn
indigestible carbohydrates were associated withremeased feeling of fullness” and
a “lowered feeling of hunger and desire to eatlirtirermore, this study observed a 16
% decrease in voluntary energy intake amongstqigatits after ingesting cereal that
is high in indigestible carbohydrates. Coloniarientation of indigestible
carbohydrates was observed through significaneasxs in breath hydrogen which
were found to be inversely correlated with partacip“desire to eat” (r=-0.24;
p=0.053). Breath hydrogen was also inversely tated with voluntary energy intake
at subsequent meals (r=-0.34,p=0.005). Coloninéetation of dietary FODMAPs
can have important implications regarding mediatbenergy intake and more
research is needed to determine if weight lossigapbns exist for obese individuals.

Colonic Fermentation, SCFA, and Potential to requlate cholesterol synthesis:

Elevated serum cholesterol levels are considerde a primary determinant
regarding the onset and progression of cardiovasdisease. Total cholesterol levels
exceeding 240 mg/dl have been associated develdmheardiovascular diseaSe
The American Heart Association reports that amested 13.8% of the population
(31.9 million individuals) meet this criteffa Elevated cholesterol levels, most
notably LDL, contribute to endothelial dysfunctioncardiovasculature increasing
risk of atherosclerotic development. While effeetpharmacological means of
lowering cholesterol have been proven effectivetaty interventions have proven
advantageous as well. Many dietary interventiarger around increases in soluble

dietary fibers, which, decrease dietary cholestabslorption through promotion of
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bile excretion. However, increases in serum shuatrcfatty acids (SCFA) produced
through colonic fermentation of prebiotics havewhahe ability to attenuate hepatic
cholesterol synthesis through modification of regoily enzymes, most notably
Adenosine 5’- monophosphate activated protein lar{fadPK) as described in the
following sections.

Metabolic Functions of AMPK:

AMPK is a serine/ threonine kinase and is an ingrdrtegulatory protein that
acts to modulate cellular energy homeost&si® Increases in AMPK activity is
associated with low cellular energy concentratigmgh AMP/ATP ratio). Thus
AMPK acts to increase cellular glucose concentratithrough activation of GLUT 4
transporters (increasing cellular glucose uptake)laas also been linked to up-
regulation of cellular glycolysis through activatiof 6-phosphofructo- 2 kinase and
fructose-2,6-bisphosphata¥e® AMPK helps to maintain cellular homeostasis, in
times of energy depletion, through up-regulatiocatbbolic (energy producing)
processes.

AMPK also inhibits anabolic processes (energy comnsg pathways) from
occurring, most notably hepatic cholesterol synthedRkesearch indicates that AMPK
has the ability to inhibit cholesterol synthesisiigimilar fashion to statin§™.
Cholesterol is synthesized from acetyl-CoA subuthitsugh a complex metabolic
pathway in which HMG-CoA reductase catalyzes the-lianiting reaction %%
HMG-CoA reductase catalyzes the conversion of 3dwyl3-methylglutyl-CoA to

mevaloate, a highly endergonic reaction that reguMADH as a cofactdf %

HMG-CoA reductase is subject to enzymatic inhilmttbrough phosphorylation of the

53



Serine-872 residd®. This reaction, catalyzed by AMP-activates protéhase
(AMPK) inhibits the binding of the NADH cofactor tbe protein, rendering the

protein non-functionaf*

Short Chain Fatty acids and AMPK activity:

Increases in serum concentrations of SCFA have assvciated with
increases in the activity of hepatic AMP¥. While the mechanism through which
SCFAs promote the activity of AMPK has yet to becalated, it has been
hypothesized that SCFAs increase the AMP/ATP rasolting in the subsequent
activation of AMPK'%% Research by Kawaguchi et'&f.and Sakabibera et &F
suggest that supplementation of acetate in miagdtegkin increased activity of
hepatic AMPK. These studies indicated that SCFA&lthe ability to directly
increase catalytic activity of AMPR**%

Fushimi et af%

showed that supplementation of SCFA can be dyreetated
to decreased rate of cholesterol synthesis. Thdysxamined the effect of
supplementation of acetate in a sample of rat® artalysis showed that
supplementation of acetate was associated witltedsed hepatic concentrations of
malonyl- COA indicating inhibition of HMG- COA redtasé’®. This analysis
indicates that increases in serum concentratiol®~-QfA can prove advantageous

regarding reduction in cholesterol synthesis.

Short Chain Fatty Acids and Bile synthesis:

An alternate mechanism through which SCFAs can atngarum cholesterol

levels is through increased hepatic bile synth@&sls.acids, synthesized in the liver,
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are excreted after a meal and function to facditae digestion and absorption of
lipids*°” While bile is composed of a variety of orgamenpounds, bile acids and
free cholesterol are considered to be a main coemdh Excretion of bile acids is
the primary means through which excess cholesteremoved from the bod%

Thus, increasing hepatic synthesis of bile wilelikresult in an increased rate of
excretion of free cholesterol. SCFAs have showrathikty to increase bile synthesis
through up regulation of cholesteral-fiydroxylase (CYP7AZ§% The CYP7A1
enzyme catalyzes the conversion of cholesterobitbydroxycholesterol which is
regarded as a rate limiting step regarding bild agnthesi&€"*® The rate of
synthesis of bile acids is considered to coincidté the enzymatic activity of
CYP7A1*. Studies have shown that mice lacking the CYPgéde are often
associated with hyperlipidemia and are also asstiaith elevated LDL cholesterol
198~ Supplementation of SCFAs has shown to increetséty of CYP7AL and
attenuate hyperlipidemia in animal mod&s Fushimi et at®® found that
supplementation of acetate in rats increased fdigeoexcretion and was found to
exert hypolipidemic effects on the experimental glendespite being fed a high
cholesterol diéf®.

Colonic fermentation, SCFAs, and cholesterol synthesisin Humans:

In the context of a normal human diet, increase3GirA are achieved through
colonic fermentation of prebiotics. Colonic fermatidn of carbohydrates, and
subsequent increases in SCFA, have been assowiglteidnprovements in blood
lipids in humans. Brighenti et &1° examined how consuming a breakfast meal,

containing 18% inulin (a known prebiotic) would et blood lipid values in healthy
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males throughout a 4 week intervention. The amabfsowed that supplementation of
inulin resulted in statistically significant inciain breath hydrogen, which is a
primary indicator regarding the occurrence of catdarmentation of carbohydrates
(test:280+35; placebo 78+26 ppm, p<00%) These changes in breath hydrogen
concentrations were associated with decreasesalhctwlesterol and triacylglycerols
amongst the experimental grdtp Furthermore, the intervention was determined to
be negatively correlated with blood lipid concetitnas, and positively correlated with
secondary bile acid excretitfl

Colonic fermentation of carbohydrates has alsogmdeneficial amongst a
hypercholestererolemic population. Supplementatioh grams of-glucan per day
over a 6-week period resulted in a significant dase in total cholesterol and LDL
cholesterol when compared to the control gréu®ther studies have shown that soy
products containing an added prebiotic resultezignificant reductions in LDL
cholesterol (=0.18+0.07mmol/l,p=0.042) and imprtdwe LDL/HDL ratio
(0.28+0.11,p=0.4%§. While this body of research is incomplete, thisneromising
evidence regarding the efficacy of increased SG#Augh dietary interventions
amongst both healthy and at-risk populations.

In conclusion, colonic fermentation of dietarylwainydrates has been linked to
a wide variety of health benefits. Most notablylonic fermentation of dietary
carbohydrates has been linked to increases in icgbwaduction of short-chain fatty
acids. Increases in SCFA have been subsequeribdiito increases in gut peptide
hormones, most notably GLP-1 and PYY, resultingpnareased insulin sensitivity and

reduced post-prandial blood glucose response. nofermentation of fermentable
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carbohydrates has also been linked to prolongadgseof satiety and has been
implicated in reducing energy intake. IncreaseS@FAs through colonic
fermentation have also been associated with dezseadlood lipid concentrations in
both healthy and at-risk populations. Most litaratregarding this area of study has
been conducted through research in animals, aednasthat has been performed in
humans has been subject to high variability. Farrtesearch is needed to determine
how FODMAPs, when incorporated into a ‘free-lividigt’, can effect colonic

fermentation, SCFA concentrations, and subsequesigiogical response.
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B. METHODOLOGY

Overview:
The methodology for this particular study was degel in the Energy

Balance Laboratory in the department of Nutritiowl &ood Sciences, at the
University of Rhode IslandData collection for this study took place during th
spring/summer of 2013. This study utilized a ranthaa, single- blind, crossover
design to measure pre- and post-prandial physicdbgesponses of healthy
individuals exposed to both high and low FODMAPtslidfter baseline data was
collected, participants were carefully instructedtlee incorporation of high or low
FODMAP conditions into their normal, free-livingedi Breath hydrogen, blood
glucose, appetite and satiety were assessed guljject under fasting and post-
prandial conditions after practicing the diet fquexiod of three days. Following
an 11-day washout period, subjects then underweeastated laboratory

procedures under opposite FODMAP conditions.

Subjects.
Subjects for this study were recruited from thelett population at the

University of Rhode Island. They were recruitecha®nvenience sample through
classroom announcements, university e-mail, aretgly To participate in this
study, subjects had to: be healthy (free from clerdiseases such as celiac
disease, IBS, diabetes mellitus, or colitis), betvthe ages of 18-48, not currently
following a weight loss diet, no clinical history fonctional gut disorders, non-
smoking, non- pregnant, and not taking any aniibiotedications or appetite

suppressants.
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Initial Screening/ Assessment:
During visit 1, individuals reported to the enetmplance laboratory and

consisted of screening, completion of informed eomsinstruction about study
protocol, and body composition assessment. Botdypogition was assessed via
BOD POD. Procedure for use of BODPOD is outlinestehere. At the
completion of visit 1, subject was scheduled fasddime assessment to occur on a
Tuesday.

Baseline Assessment:
During visits two and four, baseline measureme@se performed. Visit 2

was prior to any dietary intervention-taking pladed visit four took place
following an 11-day washout period. Participantsvad at the lab following a

10- hour fasting period. Fasting anthropometitiésod glucose, and breath
hydrogen were taken. Subjective appetite was asdess visual analogue scales
(VAS) under fasting conditions. Individuals wehen given a high- FODMAP

test meal (described below). Blood glucose, bragtitogen, and appetite
guestionnaires were reassessed at 30 minutes amth@@s post completion of
the test meal. At the conclusion of the laborat®ygsion, subjects, were randomly
assigned to follow either the high FODMAP (Dieta2)low FODMAP (Diet 1)

diet for a period of three days.

Post-Inter vention Assessment:
Post- Intervention testing consisted of visitethand five and took place after

the subject had been following the dietary intetie@nfor a period of three days.
Since baseline assessment took place on a Mondstyjntervention testing took

place on Friday. Laboratory protocols, for poseiaention assessment, was
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identical to that of baseline assessment. Subjectsved a total of eighty dollars
for their participation in the study. Twenty doavas paid after session three and
sixty dollars was paid after the fifth and finasii

High-FODMAP Test Meal:
The test meal was designed to mimic real world ¢@re. The 25¢g of

FODMAPS associated with the test meal has beerdfeuimduce increases in
breath hydrogen concentration indicating carbohydnsalabsorption. The
administration of this test meal should be suffiti® observe the postprandial
physiological response associated with a high FOPMANditions in the
laboratory setting. The test meal will consist2dpieces of whole grain bread, 1
tsp. of sugar free preserves, 1 tsp. of honey, dlrgisins, and 12 oz. of milk.
This meal consists of 478 kcal and contains 25g@DMAPS per serving (see
appendix F for complete nutritional information)utNtional information
regarding test meal was determined through thetubkitritional Data System for
Research (NDSR) (2012, Nutrition Coordinating Ce(l#&CC), University of
Minnesota, Minneapolis, MN).

Educational Material:

To assist with dietary adherence, each participzsdived educational material
regarding the assigned diet. The educational maht&me in the form of a
booklet that assisted the participant in choosougl§ included in their particular
diet conditions. The educational material corgdiffoods to eat” and “foods to
avoid” for each food group (see sample in Apper@)xThe educational material
utilized during this study was created specificétiiythe purposes of this study

utilizing previous researéi*>> Educational materials regarding low FODMAP
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conditions will emphasize the reduction in consumpbof fructose, lactose,
fructans, and polyols, as these are common in tesn dief. For example, the
low FODMAP diet stressed utilization of sucrose ghttose as sweeteners
instead of high-fructose corn syrup, fructose, ialtpsorbitol, corn syrup, and
honey®. Educational materials regarding the high FODRViet directly
opposed that of the low FODMAP conditions and enaged the consumption of
foods containing these carbohydrates. These adnehtmaterials helped
participants incorporate high or low FODMAP conaiits into their normal, free-
living diet.

Breath Hydrogen:

Breath hydrogen was analyzed 3 separate timesgllaiboratory sessions 2-5.
Fasting values, 30 minute, and 60-minute post miai@ will be obtained.
Samples were collected with the QuinTron AveoSam(@einTron Instrument
Co, WI, USA). Collection of sample required thatfipants inhale maximally,
hold breath for a period of 15 seconds, then elzpth into AveoSampler
collection device. Experimentally, this method hewn to allow for adequate
respiratory exchange to occur resulting in moreugste and reproducible results
30 Once obtained, samples will be immediately aredyutilizing the QuinTron
Microlyzer- CM (Serial number: 106-410-05, QuinTrmstrument Co, WI, USA).
The instrument will be calibrated 30 min prior ey utilizing 98-PPM reference
gas (Lot Number: 37083, QuinTron Instrument Co, U8A) ***2 Samples, at

each time point, were collected in duplicate areré#sults averaged.

61



Use of a QuinTron Microlyzer is a validated metmwsugh which breath
hydrogen can be assessed. QuinTron has been deterinibe the gold standard
for detecting a positive breath hydrogen test (seig= 0.90 and Specificity=
0.95)*L. Furthermore, QuinTron Microlysers have been w&ed means to
validate other means of breath hydrogen anafysis

Blood Glucose:

Blood glucose was analyzed at 3 separate poimisgleach laboratory
session. Capillary blood from subjects fingers wigzed for this analysis and
was sampled at 0 minutes (Fasting), 30- minutestpss meal, and 60-munutes-
post test meal. Protocols for obtaining capillaigod samples were obtained from
Alere Inc. Lithium heparin capillary tubes (Lotmber: 2221, Alere INC) were
utilize to collect 4QuL aliquots of capillary blood at each time poilood
samples were immediately analyzed using a CholetBX (Serial No.
SNAA122881, Alere Inc., Waltham MA). Analysis si®that data provided by
Cholestech LDX meets accuracy and precision defimstset by the National
Cholesterol Education Prograth™*? These studies demonstrated that the
Cholestech LDX is a valid means through which dapilblood samples can be
oﬂ.ll,llZI

analyze

Appetite/Satiety:

Appetite and satiety were assessed using visabguscales (VAS). During
laboratory sessions participants filled out VAS sfiennaires regarding satiety,
appetite, thirst, and prospective food consumpfsee appendix E). VAS has been

determined to be an effective method for assesgipgtite and satiey. Flint et
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al. established a direct correlation regarding \6&8res and subsequent energy
intake amongst participants

Anthropometrics:

All anthropometric measurements will be obtainetha beginning of each
laboratory session, after the participant had wioledder and had undergone a
10-hour overnight fast. Height will be measuredht® nearest 0.1cm utilizing a
stadiometer (Serial No. 110818-002, Quick Meditss#aquah, WA). Height will
be measured two times and averaged together, howkerneasurements have a
difference of greater than 0.2 cm then the measemémill be repeated until two
measurements are within this range. Weight wiliieasured in duplicate to the
nearest 0.1 kg using a digital scale (Health-O-Kefdel 752KL, Northbrook,
IL). If there is greater than 0.2 kg differendeent the measurement will be
repeated until two measurements are within thiggaBody mass index (kgfin
will then be calculated utilizing these two measoeats. Waist circumference
will be measured using a standard tape measureevifometer. Measurement
will be obtained by placing the tape measure ardbadgarticipant’s waist at the
level of the umbilicus. If there is greater thak 6m difference, then the
measurement will be repeated until two measurenaetsiithin this range.
Protocol utilized for collection of anthropometdata has been described
elsewheré®.

Sample Sze:
Sample size calculations were performed basedftarehces in blood glucose

response seen in a previous study by Nilsson®t @his study found that peak
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blood glucose concentrations decreased 1mmol/loc(@/ll) from control to
experimental conditions. Calculations show an éféexe of 3.33. All calculations
were based on an alpha of 0.05 and power of Or@Dywere completed using G*
Power (version 3.1.7). According to these calcataj a 8-person sample size
would be adequate to achieve sufficient power. rd@foee, the proposed sample
size of 16 will provide appropriate statistical pavior measuring changes in
blood glucose response in healthy individuals.

Data Analysis.

All data was analyzed using SPSS version 21.0 (Bivp, Released 2012
Armonk, NY). Skewness and Kurtosis were calculatedetermine normality of
the data. All data met criteria for normality. r@parison of between diet blood
glucose, breath hydrogen, and VAS scores at diftdneme points (0,30,60 min)
were made through the use of a 2x2 repeated measniadysis of variance. Post
hoc t-test were utilized. Analysis of within-tresnt effects were examined via
paired- t-test for all outcomes. Total Area undher ¢urve was calculated for blood
glucose utilizing trapezoid methtid Analysis of categorical data was performed
utilizing chi-square.

Resour ces Reguired:

Funding for this research came from a grant thest @btained by Dr. Kathleen
Melanson from the Research Dietetics Practice Gadupe Academy of Nutrition
and Dietetics. Laboratory supplies for this stuasluded AveolarSampler test
kits, Alere Lipid Profile*GLU cassettes, food fast meal, and a stipend of $80.00

that was paid to each subject. Supplies provigetthé Department of Nutrition
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and Food Sciences, will include NDSR, QuinTron Migser, anthropometric
equipment, Cholestech LDX, computers, and softd@relata analysis. No other

university resources were required.
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C. MACRONUTRIENT CONTENT OF TEST MEAL

UsiveRsITy oF MiNsESOTA

NDSR

NDSR 2012 Nutrient Totals Report

Project Abbreviation: PracFODMAP
Participant ID: 002

Date of Intake: 03/14/2013

Primary Energy Sources
Energy (kilocalories)
Energy (kilojoules)

Total Fat

Total Carbohydrate
Available Carbohydrate
Total Protein

Animal Protein

Vegetable Protein
Alcohol

% Calories from Fat

% Calories from Carbohydrate
% Calories from Protein
% Calories from Alcohol

Carbohvydrates

Total Sugars

Fructose

Galactose

Glucose

Lactose

Maltose

Sucrose

Starch

Added Sugars (by Total Sugars)
Added Sugars (by Available Carbohydrate)

FEiber

Total Dietary Fiber
Soluble Dietary Fiber
Insoluble Dietary Fiber
Pectins

Sugar Alcohols (polvols)
Erythritol

Inositol

Isomalt

Lactitol

Maltitol

Mannitol

Pinitol

Sorbitol

Xylitol

478 keal
2000 kj
2131 g

100653 ¢

94506 ¢
20018 ¢
12.448 ¢
7570 ¢
0.000 g
3960 %
79.091 %
17.225 %
0.000 %

75553 ¢
28494 ¢

0661 g
24564 ¢
18234 ¢

0.005 ¢
0032 ¢
0.000 g
0.000 g
0.000 g
0.000 g
0053 ¢
1031 g
0018 ¢

Note: DSAM nutrients are not included in these totals. Nutrient totals may not equal the sum of their parts. (Refer to the NDSR

User Manual.)

This record contains incomplete information.
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D. Breath Hydrogen Collection Protocol

Warm Up Period

1. Turn on system 15 minutes (at least) prior to use.

2. Following the warm up period, adjust the front ddabkeled “parts per
million” until it reads “000”

Calibration
Materials needed- Reference gas, SvRite cartridge, syringe, stopcock

1. Pull “out” valve stem so that pilot light turns GRN

2. Using a syringe with stopcock, extract 20 ml oerehce gas (concentration of
98 ppm).

3. Place the SivRite cartridge directly into the flysirt.

4. Inject the reference gas into the machine via thRig cartridge. (if
reference gas cannot be injected, check to make sure A-the valve stemis pulled
all the way out and B- the stopcock is open.)

5. After the gas has been flushed, push the valve Stémntil the GREEN light
changes to RED and observe the meter response.

6. Once the meter response becomes stable, adjustlitwate” knob until it
reads “098".

7. Pull the valve stem “out” and the meter responseikshread “000”.

8. If meter response does not read “000”, re-zerartsieument and repeat
calibration process.

9. Continue process until instrument is properly qalibd

Collection/ Analysis of Sample:

Materials needed- Breath Collection kit (including mouth piece,

collection bag and discard bag), SvRite cartridge, syringe, stopcock

1.
2.
3.

©No A

9.

Ask subject to take deep breath and hold breathSaeconds.

After 15 second has passed, have subject exhateatigr

As individual is exhaling, withdraw 20 mL of expadl air via the syringe with
stopcock.

Pull the valve stem “out” so that the pilot lighths GREEN

Inject 20 ml of the sample gas into the machingh@SivRite Cartridge
Push valve stem “in” until the light turns RED

Record the H2 concentration (ppm) presented imtéter response

Pull Valve stem “out” so that light turns GREEN ametkase the sample from
the port

Using the syringe, back flush 40 ml of room aibitite machine.

10.Repeat analysis using an additional 20 ml takem fitee original collection

bag.

11.Take the average of the two numbers

This process can be done after the participanteiasSamples are good for 2-

3 hours in the breath collection bag
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E. IN-LAB DATA COLLECTION SHEETS

NAME

The Carb Study
Participant Screening Form
Inclusion Criteria:
YES NO Healthy, not experiencing symptomaf any illness such as a cold or flu
YES NO Not currently on a weight loss diet

Exclusion Criteria:

YES NO Food Allergy
If Yes
YES NO Hypolactasia (Lactosatblerance)
YES NO Celiac Disease
YES NO Gluten Intolerance
YES NO Current smoker
YES NO Irritable Bowel Syndrora
YES NO Pregnant or lactating
YES NO Type 1 or Type 2 Diabetes Mellitus
YES NO Diverticular Disease
YES NO Colitis such as Crohntlisease or Ulcerative Colitis
YES NO Adrenal disease
YES NO Hypoglycemia (low blood sugar)
YES NO Seizures
YES NO Kidney or bladder problems
YES NO Stomach ulcers
YES NO Thyroid diseases
YES NO Currently taking appete suppressant medication
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Subject #/ ID Condition ID Visit # Date

1

Investigators Present:

Initial Assessment
Screening Tool and Consent Form
____ Eligibility Verified using screening tool
____Informed consent explained drath forms signed by subject
& investigator.
BodPod
Body fat percentage as measured by BodPod. Record
measurements to one decimal place (0%) %
Demographics
Age__
Gender
Contact Information/Preferred Means of Contact
____Email:
____Cell phone
___Text

Visit 2 Scheduling
____Inform subject that they must refrain from eatimglonking anything
except water before reporting to the lab for tineixt visit
Visit 2 must be scheduled omaesday and after @0 hour
fast. That being said, the date of the participant’s ragxiointment will
be:
Tuesday, at AM.
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Subject #/ ID Diet # Visit # Date

2

Investigator/s Present:

PREIntervention

Time:
_____ 10 hour fast verified.
_____Subject voided bladder.

Fasting Values
Height (cm) Height (cm) Ave. /100 =
m
A=
Weight (Ib) Weight (Ib) Ave. 2.2 =
kg
BMI (kg/m?)
WC (cm) WC (cm) Ave. cm
____ Give Appetite Questionnaire #1
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm  Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL.
Test Meal
_____Give prepared Test Breakfast and record thewolg times:
Start Time

Meal completion:
30 minutes post meal completlon time:
1 hour post meal completion time:
____ Start Timer
____Tell subject that they must remain in the lablf hours with no food
or drink.
____24-hour recall

30 minutes after meal completion time
____Appetite Questionnaire #2
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL.

____ Explain and give subject information regardasgigned Diet #
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1 hours after meal completion time
____ Give Appetite questionnaire #3
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm  Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL.

Visit 3 Scheduling
____Inform subject that they must refrain from eatimglonking anything
except water before reporting to the lab for tineixt visit

Visit 3 must be scheduled éiniday and after d0 hour fast.
That being said, the date of the participant’s rgxdointment will be:
Friday, at A.M.

Describe any unusual events:

- about the subject: was sick, didn't follow diiects, didn’t like test meal,
remarks/questions about the study. Equipment metitums
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Subject #/ ID Diet # Visit # Date

3

Investigator/s Present:

POST-Intervention

Time:
_____ 10 hour fast verified.
_____Subject voided bladder.

Fasting Values
Height (cm) Height (cm) Ave. /100 =
m
=
Weight (Ib) Weight (Ib) Ave. 2.2 =
kg
BMI (kg/m?)
WC (cm) WC (cm) Ave. cm
___ Give Appetite questionnaire #1
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm  Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL
Test Meal
_____Give prepared Test Breakfast and record thewolg times:
Start time:

Meal completion:
30 minutes post meal completlon time:
1 hours post meal completion time:
____ Start timer
____Tell subject that they must remain in the lablf hours with no food
or drink.
____24-hour recall

30 minutes after meal completion time
____ Give Appetite Questionnaire #2
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL.

1 hours after meal completion time
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____ Give Appetite Questionnaire #3
Breath Hydrogen Concentration Results:
BH2 ppm BH2 ppm Ave H2. ppm
Capillary Glucose Concentration Result: mg/dL.
____Subject received $20.

Visit 4 Scheduling

____Inform subject that they will now have an eleven-deashout period
where they should not follow any specific diet (et they usually eat)
_____Inform subjects that they must refrain fromregbr drinking
anything except water before reporting to the tatitieir next visit

Visit 4 must be schedulatieven days from now offuesday
and after a0 hour fast. That being said, the date of the participants ne
appointment will be:

Tuesday, at AM.

Describe any unusual events:

- about the subject: was sick, didn’t follow diiects, didn’t like test meal,
remarks/questions about the study
- equipment malfunctions
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F. QUESTIONNAIRES

Energy Balance Lab Satiety Rating Scale

Subject #/ ID Condition ID Visit # Date

Clock Time: 0)

1. How hungry are you right now?
| |
Not at all Extremely

2. How satisfied (satiated) are you right now?
| |
Not at all Extremely

3. How much could you eat right now?

Nothing Vast Quantities
4. How thirsty are you right now?
Not at all Extremely
| |
5. A) Are you currently suffering from any alwdimal discomfort?  Yes No
B) If yes, how severe is the abdominal disconffort
| |
I 1
No pain Severe

Discomfort
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Energy Balance Lab Satiety Rating Scale

Subject #/ 1D Diet Visit # Date

Clock Time: (30)

1. How hungry are you right now?
| |
Not at all Extremely

4. How satisfied (satiated) are you right now?
| |
Not at all Extremely

5. How much could you eat right now?

Nothing Vast Quantities
4. How thirsty are you right now?

Not at all Extremely

| |
5. A) Are you currently suffering from any almdimal discomfort?  Yes No

B) If yes, how severe is the abdominal pain?
| |
| 1
No pain Severe

Discomfort

Energy Balance Lab Satiety Rating Scale

75




Subject #/ 1D Diet Visit #

Date

Clock Time: (60)

1. How hungry are you right now?

Not at all Extremely
6. How satisfied (satiated) are you right now?

| |

Not at all Extremely

7. How much could you eat right now?

Nothing Vast Quantities
4. How thirsty are you right now?

Not at all Extremely

| |
5. A) Are you currently suffering from any aldimal discomfort?  Yes No

B) If yes, how severe is the abdominal pain?
| |
| 1
No pain Severe

Discomfort
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G. DIETARY INSTRUCTION BOOKLETS

Fruit To Avoid

* Apple
* Apricot
* Avocado

-
-]
c
-
wn

* Blackberry
* Cherry
* Custard apple

* Longon

* Lychee

* Mango

* Nashi

* Nectarine
* Peach

* Pear

* Persimmon

* Plum

* Prunes

* Sugar snap peas

* Canned fruit

* Watermelon

* Concentrated fruit sources
* Large servings of fruit

* Dried fruit

¢ Fruit juice

1



Fruits To Eat

* Avocado
* Banana

* Blueberry
* Boysenberry
* Carrabolla
* (antaloupe
* Durian

* Grape

* Grapefruit
* Honeydew
* Kiwifruit
* Lemon

* Lime

* Mandarin
* Orange

* Passion fruit
* Pawpaw
¢ pineapple
* Raspberry
* Rhubarb
* Rockmelon
¢ Star anise
* Strawberry
* Tangelo

SLIinNyd

Veggies To Avoid

Artichokes
Asparagus
* Beetroot

* Broccoli

* Brussels sprouts
* (Cabbage

* Cauliflower

' Eggplant

* Fennel

* Garlic

* Green peppers
* Leeks

* Mushrooms

* Okra

* Onions (all types)
* Peas

* Shallots

* Snow peas

Spring onion

Sweet corn
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Veggies To Eat

* Alfalfa

* Artichoke

* Bamboo shoots
* Bean shoots
* Beets

* Bok choy

* Bell peppers
* Broceoli

* Brussel sprouts
¢+ Butternut squash
* (Carrot

* Capsicum

* Celery

* Chives

¢ Choko

* Choysum

* Comn

* Cucumber

* FEggplant

* Endive

* Ginger

* Green beans

Lettuce

Olives

Parsnip

Potato, white
Pumpkin

Red pepper
Scallions (green
onions)

Silver beat
Spinach

Spring onion
Summer squash-
yellow

Swede

Sweet potato
Taro

Tomato

Turnip
Water chestnuts
Yam

SITEVLIDAIA

Grains To Avoid

All grains that contain gluten need to be avoided
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Wheat
Rye
Barley
Crackers
Cookies
Couscous
Pasta



Grains To Eat Dairy To Avoid

' Soft un-ripened cheeses

Adiva

All gluten-free grains are okay o Cottage
o Cream
* Gluten free bread o Mascarpone
* Gluten free pasta o Ricotta
*  Arrowroot
* Corn flakes ' Milk from cows, goats or sheep
* Millet ' Yogurt
* Qats ' Custard
* Qatbran ' lcecream
* Polenta
* Phylum
* Quinoa
* Rice: brown and white
* Rice bran
* Sorghum J‘
* Tapioca

80



Dairy To Eat

0
* Hard cheeses

o Cheddar
o Swiss
o Parmesan
o Brie
o Feta
o Camembert
o Mozzarella

* lactose-free Milk

* lactose-free Yogurt

* |ce cream Substitutes
o Galati
o Sorbet

* Butter

*  Butter substitute
o Olive oil

* Almond milk

* Coconut Milk

* QOat Milk

* Rice Milk

+ Soy milk

v Kefir

Adiva

Protein To Avoid

jreaded Meat
Yistachios

All Beans and Legumes

* Baked beans

* Black Beans

* Chickpeas (Garbanzo beans)
* Hummus

* Kidney beans
* lentils
* Red kidney beans
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Protein To Eat

All Meat (except breaded meats)

NI3LOYd

All Nuts (except pistachios)
* Almonds

v Macadamias

* Peanuts

* Pacans

* Pine nut

* Pumpkin seeds
* Sesame Seeds

*+ Sunflower seeds
+ Walnuts

82

Sweeteners To
Avoid

iweeteners
* Corn syrup
* High fructose corn syrup
* Fructose
* Honey
* lsomalt

iugar Alcohols
* Maltitol
* Mannitol
* Sorbitol
* Xylitol
* any sweetener ending with “-ol”
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Sweeteners to Ea

Sweeteners
Iz

* Any artificial sweetener not ending in “-o
small quantities)

(in
* Sugar (sucrose)

* Glucose

Honey substitutes
* Maple syrup
* Golden syrup

Diet Tips

* “Gluten-free” breads, pastas, and bake mixes are

good alternatives to the usual kinds, which
contain wheat.

* Even for "Allowed” foods, try not to eat too much
in one sitting, but also don't stress over exact
serving sizes.

o For example, you shouldn't eat a whole
two-pound bag of grapes in one day, but
don't feel like you need to count out exactly
how many grapes you can have.

* Check the Ingredients List on food labels and look
for any prohibited foods.

* If you're not sure if an item at a restaurant
contains a particular prohibited food, ask your
server or someone who works there if they have
that information.

o This will be especially useful for foods
containing wheat and milk.

o It may be easier to avoid or limit use of

restaurants for the duration of the test diet.

Alcohol

Allowed
*  Wine (limit one 5 oz serving)
* Beer (limit one 12 oz serving)

43H1O0

* Neutral Grain Spirits (limit one 1.5 oz serving)
o Ex. vodka, whiskey, gin

ot Allowed
* Rum

12 floz (355 mL)of
Sfloz (148 mL)  beer or wine conler
One mixed drink with o wing
* L3110z (44 mL)
ol 80-proof liquor
(such as vodka,
gin, scateh. bourhon,
brandy, or rum)

||

SGEwiL Mmeapscana

Contact Information

Jnsure about something?

n a pinch it is probably safer to avoid it
ut feel free to call us at, Lab Phone 401-
374-2067, or e-mail us at
-arbstudy.URI@gmail.com during the day

fyou have any questions.
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Discouraged Fruits

* Avocado
* Banana

* Blueberry
* Boysenberry
* Carrabolla
* Cantaloupe
* Durian

* Grape

*  Grapefruit
* Honeydew
* Kiwifruit
* lemon

* Llime

* Mandarin
* Orange

* Passion fruit
* Pawpaw
* Pineapple
* Raspberry
* Rhubarb
* Rockmelon
* Staranise
¢ Strawberry
*+ Tangelo

sSLinyd



Encouraged Fruits

Apple
Apricot
Avocado
Blackberry
Cherry
Custard apple
Longon
Lychee
Mango
Nashi
Nectarine
Peach

Pear
Persimmon
Plum
Prunes
Sugar snap peas
Canned fruit
Watermelon
Dried fruit
Fruit juice

m
X
=
-
7]
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Discouraged

Alfalfa
Artichoke
Bamboo shoots
Bean shoots
Beets

Bok choy

Bell peppers
Broccoli
Brussel sprouts
Butternut squash
Carrot
Capsicum
Celery

Chives

Choke

Choy sum

Corn
Cucumber
Eggplant
Endive

Ginger

Veggi

es

Green beans
Lettuce

Olives

Parsnip

Potato, white
Pumpkin

Red pepper
Scallions (green
onions)

Silver beet
Spinach

Spring cnion
Summer squash-
yellow

Swede

Sweet potato
Taro

Tomato

$S3719VvV.L3IDAA



Discouraged
Grains

Encouraged
Veggies

S3IT9VLIIDAA

Artichokes ' Arrowroot
Asparagus ' Corn flakes
Beetroot ' Millet
Broccoli ' Qats
Brussels sprouts ' Oatbran
Cabbage ' Polenta
Cauliflower " Phylum
Eggplant ' Quinoa
Fennel ' Rice: brown and white
Garlic ' Rice bran
Green peppers ' Sorghum
Leeks ' Tapioca
Mushrooms

Okra

Onions (all types)

peas

Shallots

Snow peas

Spring onion

Sweet corn

Yam

Zucchini
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Encouraged Grain

* Wheat

* Rye

* Barley

* Crackers
* Cookies

* Couscous
* Pasta

'k‘
L?\

o

Discouraged Dairy

Dairy: Cheeses

Hard cheeses
Cheddar
Swiss
Parmesan
Brie

Feta
Camembert
Mozzarella

7 N o BIEE =+ Sl o BIFE = G o i =

Dairy: Other

o Lactose Free Milk and Yogurt
o Butter substitute
= QOlive oil
Almond milk
Butter
Coconut Milk
Green Valley Yogurt
Ice cream Substitutes
* Galati
* Sorbet
Lifeway Kefir (strawberry or blueberry)
Oat Milk
Rice Milk
Soy milk

o 0 0 0 o0

o o o o
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Encouraged
Dairy

Dairy: Cheeses

* Soft un-ripened cheeses
o Cottage
o Cream
o Mascarpone
o Ricotta

Dairy: Other

o Milk from cows, goats or sheep
o Custard
o lce cream

Adiva

Discouraged
Protein

All Nuts (except pistachios)
' Almonds

' Macadamias

' Peanuts

' Pecans

* Pine nut

' Pumpkin seeds

' Sesame Seeds

' Sunflower seeds

' Walnuts
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Nuts

Encouraged
Protein

Pistachios

All Legumes

Baked beans
Chickpeas
Hummus

Kidney beans
Lentils

Red kidney beans
Black Beans

NI310Odd

Discouraged
Sweeteners

iweeteners

*  Any artificial sweetener not ending in “-ol” (in
small quantities)

* Sugar (sucrose)

* Glucose

{oneys substitutes
* Maple syrup
* Golden syrup

89
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Encouraged
Sweeteners

Sweeteners

Corn syrup

High fructose corn syrup
Fructose

Honey

Isomalt

Sugar Alcohols

Maltitol

Mannitol

Sorbitol

Xylitol

any sweetener ending with “-ol”

43HLO
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Diet Tips

Aim to have at least 2 “Encouraged” foods at
every meal and at least 1 “Encouraged” food
for every snack. More is better, if you can!

Try not to have “Discouraged” foods, in favor
of ‘Encouraged” foods. To this end, it might be
prudent to limit yourself to 1 "Discouraged”
food per meal.

You can eat any foods NOT in this booklet as
you normally would.



Contact Information

Unsure about something?

Feel free to call us at, Lab Phone 401-
874-2067, or e-mail us at
carbstudy.URI@gmail.com during the day

if you have any questions.
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H. Consent Form for Research

The University of Rhode Island
Department of Nutrition and Food Sciences
Kingston, R1 02881

The Carb Study

CONSENT FORM FOR RESEARCH

You have been invited to take part in a researofept described below.
The researcher will explain the project to you étail. You should feel
free to ask questions. If you have more questates, Kathleen
Melanson, the person mainly responsible for thush\gtwill discuss them
with you (Energy Balance Lab, 310 Ranger Hall, 804-2067). You
must be at least 18 years old to be in this rebgan@ject. You will also
need to be available for two Tuesday and two Fridaynings for testing.

Description of the project:

You have been asked to participate in a reseancly skesigned to test the
acceptability of and physiological responses totla@ipulation of dietary
carbohydrate sources.

What will be done:

Following an initial assessment visit, all studywdeers will follow two
specific diets for three days each, with 11 daygoeifr normal eating in-
between:

¢ You would follow the first diet for three days be®n the second
lab and third lab visits.

e During the 11-day period between the third andtfolab visits,
you would not be asked to follow any specific digtu would just
return to your normal diet.

¢ You would follow the second diet for three daysiestn the fourth
and end the fifth lab visits, which marks the efthe study.

Total time in the lab will amount to about 8.5 &80 minutes for first
visit, and about two hours each for the other fasits. You will note
below that the two-hour visits include a one-hoaitwetween
consumption of a test breakfast and the seconddroimeasurements.
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While some of this wait period will be used to penh a 24-hour dietary
recall (visits 2-5) and give instructions for yassigned diet (visits 2 and
4), these activities are not likely to consumewile 1 hour waiting
time. For that reason, it is recommended that you bring bmework or
some form of activity to occupy yourself between nasurements.

Your total compensation for completing the studi} faeé $80. You will
receive $20 following the third lab visit, afterrapletion of the first test
diet. You will receive the remaining $60 followitige fifth and final lab
visit, after completing the second test diet analchading your
participation in the study.

e First Visit (~30min)

o

0]

0]

We will ensure your eligibility for this study byewfying your

age and the absence of exclusionary criteria.

We will explain to you what this study entails amidat will be

expected of you as a participant in this study.

After you have had a chance to ask any questiansywil be

given a consent form to fill out.

Upon completing the consent form and agreeing ttakea in

the study, you will have your body composition mead using

the BodPod.

= You will be asked to sit inside the BodPod macland

comfortably rest for 2-5 minutes while your body fa
percentage is estimated. This machine is a lagge e
shaped capsule, with a hatch that has an intgpaaic
button’ in case you want to open the hatch while sice
in there. For this test, we will ask you to briapathing
suit to wear while you are in the BodPod. This@im
minimizes the chances that bulky clothing will atféhe
reading. We will provide you with a swimming cap t
place over your hair; this also minimizes the clesntat
air caught around your scalp would affect the negudi
Your body fat is estimated in this fashion by cédtng
the amount of air you displace inside the knowra arfe
the BodPod. This test should take less than 20itesn

e Second Visit (~3hrs)

0]

You will report to the lab following an overnight@-hour) fast.
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Your height, weight, and waist circumference measuwvill be
taken.

You will be asked a short series of questions kiggryour
appetite.

You will have a small amount of blood taken by #ngfick to
measure your blood glucose concentration.

You will have your breath hydrogen measured by exganto
a small bag.

You will eat a test breakfast.

30 minutes following the breakfast, your blood gise will be
measured again and you will again be asked to argpuestions
regarding your appetite.

two hours following the breakfast, your blood glseand
breath hydrogen measurements will be taken agathyau will
again be asked to answer questions regarding ymatite.
During the two hours between finishing the breakéasl the
second round of tests, you will be asked to reghdit you have
had to eat and drink in the past 24 hours.

Following the 24-hour recall, you will be given ingtions
pertaining to the diet to which you have been assigor the
first leg of the experiment. You will also receirederence
materials you can take with you to help you adhetée
assigned diet.

You will be asked follow the assigned diet to tlestoof your ability for
three days, beginning after you leave the lab up L& hours before the
third lab visit. On each of these days you will gdete short
guestionnaires about your appetite, how you fewl,y@ur opinion of the
diet. For the 10 hours before the third visit, yall be asked to again
refrain from eating or drinking anything except ardbefore reporting to
the lab for the third visit.

e Third Visit (~2hrs)

0]
0)

o

You will report to the lab following an overnight@-hour) fast.
Your height, weight, and waist circumference measuwvill be
taken.

You will be asked a short series of questions kiggryour
appetite.

You will have a small amount of blood taken by Bngfick to
measure your blood glucose concentration.
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o You will have your breath hydrogen measured by kxganto

a small bag.

You will eat a test breakfast.

30 minutes following the breakfast, your blood gise will be

measured again and you will again be asked to argpuestions

regarding your appetite.

o Two hours following the breakfast, your blood glseand
breath hydrogen measurements will be taken agathyau will
again be asked to answer questions regarding ymatite.

o During the two hours between finishing the breakéasl the
second round of tests, you will be asked to reghéit you have
had to eat and drink in the past 24 hours.

(olNe]

Following the third visit, you will receive $20 oompensation for
completing the first test diet. You may retain thag/ment even if you
choose to withdraw before completion of the studiiere will be an 11-
day period during which you will not be asked tbbdar any specific diet.

e Fourth Visit (~2hrs) will include the same proceskias the Second
Visit.

You will be asked follow the next assigned dietite best of your ability
for three days, beginning after you leave the laliotil 10 hours before
the third lab visit. On each of these days you wolnplete short
guestionnaires about your appetite, how you fewl,y@ur opinion of the
diet. For the 10 hours before the third visit, yall be asked to again
refrain from eating or drinking anything except ardbefore reporting to
the lab for the fifth visit.

e Fifth Visit (~2hrs) will include the same procedsiias the Third Visit.
Following the fifth visit, you will have completgaur participation in

this study. You will receive an additional $6Gta¢ end of the fifth visit,
for a total of $80 in compensation for completidrihe study.

Risks or discomfort:
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There are no known risks for the following procestarquestionnaires,
consumption the manipulated carbohydrate dietssarea of height,
weight, waist circumference, body composition, brdeydrogen, food
intake and appetite questionnaires.

The finger prick can result in some slight, shertrt pain and discomfort.
Even though trained, experienced personnel willqoer the blood draw
using sterile technique, it is possible that mibrising and infection
may occur.

If during the course of the analysis, any incidefitalings emerge that
indicate a health risk to you (such as high fasgilugose levels), you will
be informed and will be advised to consult with yparsonal physician.

Benefits of this study:

This study will help to determine the effects maatifcarbohydrate diets
on several physiological factors relevant to clishi@nd therapeutic
applications. The direct benefits to you includarheng about your body
composition, blood glucose, and diet. Upon connpdethe first test diet
you will receive $20.00 in compensation. Upon ctatipg the second
test diet you will receive $60.00 in compensation a total of $80.00 for
completion of the study.

Confidentiality:

Your participation in this study is confidentialll Af your information

will be coded by an identification number afterallyour data have been
collected. None of the results of this study wadéntify you by name. The
document linking your name and identification numéned all data
collected will be stored on password-protected aaens and in locked
file cabinets within the locked lab of the investigr. Access will be
limited to study investigators. Federal regulasioequire that data and
signed consent documents be kept for three yelosving completion of
the study. The researchers and the University afdeHsland will protect
your privacy, unless they are required by law fmreinformation to city,
state or federal authorities, or to give informatio a court of law.
Otherwise, none of the information will identify ydy name.

In casethereisany injury to the subject:

If you have any injury or discomfort as a resultled experiment, you
should notify Dr. Kathleen Melanson at (401) 874-44You may also
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call the office of the Vice President for Reseaith].ower College Road,
University of Rhode Island, Kingston, Rhode Islatatiephone: (401)
874-4328.

Decision to quit at any time:

The decision to take part in this study is up ta.y6ou do not have to
participate. If you decide to take part in the gtudu may quit at any
time. Whatever you decide will in no way penalizaly If you wish to
quit, you simply inform Dr. Kathleen Melanson a014 874-4477 of your
decision.

Rights and Complaints:

This study is part of research being conductedbyniversity of Rhode
Island. If you have any questions or if you arégadisfied with the way
this study is performed, you may discuss your camps with Dr.
Kathleen Melanson (401) 874-4477, anonymouslyou ghoose. In
addition, if you have questions about your riglgsaesearch participant,
you may contact the office of the Vice PresidemtResearch, 70 Lower
College Road, Suite 2, University of Rhode Islafithgston, Rhode
Island, telephone: (401) 874-4328.

You have read the Consent Form. Your questions baen answered.
Your signature on this form means that you undedsthe information
and you agree to participate in this study.

Signature of Participant Signature of Researcher
Typed/printed Name Typed/printed name
Date Date

Please sign both consent forms, keeping one farsgdfu

Would you be willing to be contacted for futuredis? If so, sign here:
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Fasting Blood Lipids for sample n=14 (mea)

Low-FODMAP diet High-FODMAP diet ANOVA*

Baseline Day 3 A Baseline Day 3 A p-value n*
Total Cholesterol 149.5+ 24.2 152.8+28.1 3. 15289 158.7+ 28.5 0.80| .645 | .020
Triglycerides 86.3+21.2 76.3+42.7 -1( 120.9+49.6 76.6+19.6 44.3* | .065 329
HDL 57.0+£14.0 56.2+ 18.7 -.80 56.9+ 11.3 57.84213. 0.90 | .836 .004
LDL 75.3+26.7 77.3+26.6 2.0 74.6+ 28.6 83.7+33.1 9.10* | .174 .195

Fasting cholesterol response at each time pointdlinghange through each time point was assesae2k? repeated measures ANOVA.

Analysis via ANOVA did not produce any statistigadignificant results. Significant within treatmeaffects were seen during the high FODMAP

diet for both triglycerides and LDL cholesterol.
1: data was analyzed via repeated measures ANOWAIye and)? are based on treatment*time interactions.

Within treatment differences
** =p <0.01
* = p<0.05
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Fasting Blood lipids n=8 compliant with high-FODMAiet (mean+SD)

Low-FODMAP diet High-FODMAP diet ANOVA*
Baseline Day 3 A Baseline Day 3 A p-value 1’
Total Cholesterol 145.2+ 20.7 142.4+ 24.4 -2. T531.1 155.4+ 36.3 2.3 |.927 .002
Triglycerides 78.0% 16.7 63.8% 15.9 -14.p 130.64759  78.8+15.4 51.8 |.083 484
HDL 60..0+ 9.6 57.0+10.7 -3.0 63.8% 7.2 60.8+12.17 -3.0 |.976 .000
LDL 69.8+17.1 71.1+20.6 1.3 70.6+25.95  82.6:33.8 12.00 |.133 424

Fasting cholesterol response at each time.pohange through each time point was assess&tk®ieepeated measures ANOVA. Analysis
via ANOVA did not prodeiany statistically significant results. Signifitavithin treatment effects were seen during ttgh hi
FODMAP diet for both triglycerides and LDL cholesik
1: Indicates use of repeated measures ANOVA. pevahdr]z represent treatment*time interactions.
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