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Abstract: Background: Patients with inflammatory bowel disease (IBD) and symptoms of irritable
bowel syndrome (IBS) may be intolerant to fermentable carbohydrates (FODMAPs). The aim of this
study was to test the feasibility of eliminating and subsequently reintroducing FODMAPs in patients
with IBS symptoms as part of the IBD manifestation and to compare the severity of IBS symptoms and
pain, bloating and quality of life (QoL). Methods: An eight-week randomised open-label FODMAP
elimination with double-blinded, crossover provocations of FODMAP and placebo. Diet patients
were on a low-FODMAP diet for eight weeks with blinded two-week provocations after two and
six weeks. Questionnaires, blood and stool samples were collected. Results: Patient enrolment was
challenging. Nineteen participants were included in the study. Eliminating low FODMAP for two
weeks resulted in significant decreases in pain and bloating scores (p < 0.003), whereas there were
no statistical differences in pain scores between diet patients and controls. Pain and bloating scores
increased, returning to baseline levels after two weeks of double-blinded provocations with placebo,
(p > 0.05). Conclusions: The results document the possibility of performing a randomised controlled
study following the gold standard for testing food intolerance with blinding of the Low FODMAP
diet. Recruitment of participants was challenging.

Keywords: ulcerative colitis; inflammatory bowel disease; IBD; irritable bowel syndrome; IBS; low
FODMAP diet; FODMAP

1. Introduction

One-third of patients with inflammatory bowel disease (IBD) in remission have symp-
toms of irritable bowel syndrome (IBS) [1,2]. Patients with IBD typically suffer from
bloating, abdominal pain, and diarrhoea or constipation, and the term IBS in IBD has been
proposed to describe this clinical manifestation of IBD [3,4]. Co-existence of IBS symptoms
further deteriorates the quality of life (QoL) in patients with IBD, and effective treatment
for relief of the symptoms is still lacking [1,4–7]. The mechanisms behind IBS in IBD are
unknown, but intake of the poorly absorbable fermentable oligo-, di-, and monosaccharides
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and polyols (FODMAPs) such as fructose, lactose, sorbitol, and mannitol has been found to
exacerbate gastrointestinal (GI) symptoms [8]. Furthermore, a diet low in FODMAPs may
reduce symptoms in patients with IBS, thus increasing QoL for these patients [9].

However, the efficacy of FODMAP alone to reduce symptoms compared to a placebo
and nocebo effect has not yet been determined due to the difficulties inherent in diet
intervention studies [10]. Previous studies have shown a reduction in symptoms in both
patients on placebo and a low-FODMAP diet [4,10]. The challenges related to study design
consist of ensuring blinding, creating comparable study logistics compatible with patients’
lives, and prolonging the study period to capture symptom variation over time. Blinding is
difficult to achieve in diet intervention studies as patients often guess the blinding status
by observing their food and investigating the FODMAP content [11–13]. The gold standard
for evaluating food intolerance is elimination, provocation, elimination, and provocation in
a double-blinded and placebo controlled set-up [14]. The efficacy of FODMAPs has not yet
been tested in such a design in patients with IBS in IBD.

The aim of the present study was to test the feasibility of eliminating and subsequently
reintroducing FODMAPs in patients with IBS in IBD. Moreover, to compare the severity
of IBS symptoms and subsequent pain, bloating and QoL in patients receiving either a
FODMAP diet or placebo.

2. Materials and Methods

This study was an eight-week randomised open-label FODMAP elimination trial with
double-blinded, crossover provocations of FODMAP or placebo, compared to a control
group. The efficacy of low FODMAP elimination and provocation on IBS symptoms was
investigated in patients with ulcerative colitis in deep remission with concurrent IBD
symptoms. The study complied with the declaration of Helsinki and was conducted at
the North Denmark Regional Hospital, Hjoerring, and Aalborg University Hospital in
Denmark. The local data authorities and ethics committee approved the database and
study protocol (N-20180005), and the study was registered at ClinicalTrials.gov (accessed
on 30 January 2022) under the identifier NCT02469220. Oral and written informed consent
was obtained from all participants.

2.1. Participants

Patients were recruited from the gastroenterology outpatient clinics at North Denmark
Regional Hospital, and Aalborg University Hospital with a combined uptake area of 590,439
people. Inclusion started in July 2018 and was ended in August 2020. The inclusion criteria
were age between 18 and 70 years, Ulcerative Colitis (UC) in remission, fulfilment of
the ROME IV criteria for the diagnosis of co-morbid IBS, no or stable medical treatment
with 5-aminosalicylic acid or biological therapy. Exclusion criteria were intake of a low-
FODMAP diet within six weeks before study inclusion; atypical UC with right-sided
inflammation and calprotectin >50 unless a normal colonoscopy documented remission;
Clostridium difficile infection; lactose intolerance; comorbid coeliac disease or elevated
transglutaminase; pregnancy; antibiotic treatment up to six weeks before inclusion; other
treatment for UC than stated above; flare in UC; eating disorder; unable to follow the
low-FODMAP diet for any reason; other disease than IBD explaining the IBS symptoms;
medication explaining the symptoms. Patients fulfilling the above-mentioned inclusion
criteria underwent sigmoidoscopy or colonoscopy if this had not been performed within
the last three months. After screening, written consent was confirmed.

A sample size calculation using data from a previous study in patients with IBD
was performed [15]. According to this calculation a minimum difference in the symptom
score on a VAS of 2.5, a standard deviation of 2.3 with 80% power and α = 0.05 a total of
45 patients, 15 in each group, were needed.
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2.2. Measurements

The timeline of the study is illustrated in Figure 1. Included patients were randomised
to the study at a 1:1:1 ratio. The randomisation code was computer generated and kept
in a locked room, only accessible to the kitchen supervisor. The food supplements were
delivered in a box containing information only on the randomisation number and time
period.
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Figure 1. Figure 1 shows the protocol. After randomisation, 1/3 was a watchful waiting control group,
and 2/3 of patients were placed on an open label low-FODMAP diet and provoked double-blinded
with placebo and FODMAPs, respectively in a cross-over fashion. Between provocations there was a
two-week low-FODMAP diet wash out. During the study, patients had three identical consultations
with questionnaires, blood and stool sampling. A symptom diary was filled in daily throughout the
entire study period.

As illustrated in Figure 1, two groups received the low-FODMAP diet. The provocation
food supplements contained either FODMAP levels typical of a Danish diet or placebo.
The control group (Figure 1) underwent the same visits, phone calls, questionnaires, tests,
blood tests and faecal samples, but no dietary intervention, as in the intervention group.
After study completion, the control group was offered instruction in the diet if interested.
All patients had three visits in the outpatient clinics after the randomisation (Figure 1). An
overview of tests and questionnaires completed in connection with the visits can be seen in
Table 1. In the week before visit 1, Biopsies for histology was sampled from rectum and
sigmoideum and all screening questionnaires were filled in. During visit 1, randomisation
of the patients was performed, and all patients completed the remaining questionnaires
electronically. Those randomised to dietary intervention were instructed by a certified
dietician on how to adhere to the low FODMAP diet, and frozen food supplements were
handed out for the first period. The lists of foods to be included or excluded were reviewed
with the patients. One week after visit 1 and visit 2, respectively, an investigator contacted
each participant by telephone to clarify any questions. The faecal samples for visits 1–3
were collected and frozen to −18◦ at home and carried in a thermo bag with frost elements
to the hospital.
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Table 1. Irritable Bowel Syndrome Severity Scoring System (IBS-SSS), Short Form 36 Health Survey
(SF-36), Hospital Anxiety and Depression Scale (HADS), The Visceral Sensitivity Index (VSI), IBS
specific Gastrointestinal Symptom Rating Scale (GSRS-IBS), Patient Health Questionnaire (PHQ 15),
Irritable Bowel Syndrome Adequate Relief (IBS-AR).

Procedure Screening Visit 1
Baseline Visit 2 Visit 3 Visit 4

Follow Up

Mayo Score X
Rome IV criteria X X X

Dietician X
IBS-SSS X X X X
SF-36 X X X X
HADS X X X X
GSRS X X X X
VSI X X X X

PHQ15 X X X X
AR X X X X

FODMAP frequency
(daily in the week

before)
X X X

Extra questions X X X
Diet registration

(3 days in the last
week up to study start)

X X X

Symptom diary X————————————————————————-X

Calprotectin X X X X
Blood sample X X X
Body weight X X X X

Data were collected and managed using Research Electronic Data Capture (REDCap)
tools hosted by North Denmark Region. REDCap is a secure, web-based application
designed to support data capture for research purposes [16,17].

2.3. Food Provocations

The recipes for the provocation foods complied with the low-FODMAP principles be-
fore addition of either FODMAPs or placebo [9]. Sucrose was used as placebo as FODMAPs
have a sweet taste. Blinded taste testing of the finalised provocation foods was performed
by the study personnel, dietitians and kitchen staff to ensure identical smell, looks, taste
and consistency. The provocation foods were added to the diets of patients, respectively:
A 2 dL breakfast smoothie, 100 g low dark rye bread for lunch, and 250 g soup for dinner.
Calculations of daily FODMAP intake were performed using the FODMAP calculator from
Monash University [18]. The amount of FODMAPs in a normal Danish diet was estimated
among 20 randomly selected, healthy Danish volunteers, registering their food intake in
detail over one week (data not shown). The amount was 30 g of FODMAPS/day. For the
provocation foods, 5 g was subtracted, as this is the intake on a low-FODMAP diet. The
amount of FODMAPs in the provocation foods were 25 g in total (fructose: 3.23 g, sorbitol:
2.28 g, mannitol: 0.40 g, lactose: 14.42 g, fructans: 3.58 g, galacto oligosaccharide (GOS):
0.85 g).

2.4. Questionnaires

The following questionnaires were filled in by the participants to assess disease
severity: Mayo Score [19], Rome IV Criteria for IBS [20], Irritable Bowel Syndrome Severity
Scoring System (IBS-SSS) [21–24], IBS-specific Gastrointestinal Symptom Rating Scale
(GSRS-IBS) [25], Irritable Bowel Syndrome Adequate Relief (IBS-AR) [26–28] and Patient
Health Questionnaire (PHQ-15)—Somatisation [29]. Finally, each participant filled in a
symptom diary, starting one week before randomisation, and running throughout the
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study for a total of 56 days. The diary consisted of a 100 mm long visual analogue scale
(VAS), to score average daily pain, maximum pain and bloating, as well as stool frequency
and consistency. Two questionnaires were used to identify anxiety and depression: The
Hospital Anxiety and Depression Scale (HADS) [22] and the Visceral Sensitivity Index
(VSI)-GI specific anxiety [23,24]. Health-related quality of life was measured with Short
Form 36 Health Survey (SF-36) [30].

Diet registration and FODMAP food frequency registration were performed three
days before each outpatient visit. Food item and amount (weight, volume) was registered
for two weekdays and one day in a weekend. The questionnaire consisted of five pages of
specified foods and drinks containing FODMAPs. The amount of specific FODMAPs was
subsequently calculated using the FODMAP calculator [18].

Patients were asked which provocations they thought they had received during the
past two weeks and if they had experienced that the provocations decreased, increased
or did not change their pain. Compliance with the provocation foods was checked by
counting of the remaining food supplements after provocation.

Laboratory analyses of blood samples at each of the three visits were analysed for C-
reactive protein, white blood cell count, total iron, transferrin, ferritin, haemoglobin (whole
blood), folate, cobalamin and red blood cell volume. Faecal calprotectin was extracted using
BÜHLMANN CALEX caps (Bühlmann Laboratories AG, Schönenbuch/Basel, Switzerland)
and measured using the BÜLMANN fCAL turbo method. Gut microbiota analysis was
performed on faecal samples as described previously [31]. Briefly, bacterial DNA was
extracted using a QIAamp PowerFecal Pro DNA kit (QIAGEN, Copenhagen, Denmark)
according to manufacturer’s instructions. The resulting DNA was investigated on the
Illumina MiSeq platform (Illumina, San Diego, CA, USA) by 16S rRNA gene sequencing
targeting the hypervariable V4 region.

2.5. Outcomes

The primary outcome was the numerical change in IBS-SSS score after four and
eight weeks of diet and either provocation with low FODMAP (placebo provocation) or
FODMAPS (FODMAP provocation), respectively. Secondary outcomes were (1) changes in
pain and bloating scores from daily symptom diaries and (2) changes in QoL.

2.6. Statistical Analysis and Bioinformatics

We used numbers and percentages to present categorical variables. Continuous
variables were reported as medians and interquartile ranges. Comparing the sum of the
primary outcome in the two periods between groups showed no significant carry-over
effects. Differences in outcomes were tested by paired Wilcoxon’s signed-rank tests and
Chi-squared tests as appropriate. Symptom diaries were averaged across each week, and a
graphical representation of the mean difference between each week and the baseline score
was presented.

All analyses were performed as complete-case intention to treat analyses. A p-value
below 0.05 was considered statistically significant. For microbiota data, bioinformatics was
performed using an Usearch11 pipeline as previously described [31]. For microbiota data,
alpha diversity was compared using repeated-measures ANOVA, while beta diversity was
investigated using principal coordinate analysis (PCoA) on the Bray–Curtis dissimilarity.
All remaining statistical analyses were performed using R version 3.5.3 [32].

3. Results

The Figure 2 shows the inclusion of patients. A total of 34% of the patients invited
from the outpatient clinics completed the questionnaires. Although 31% of the patients
from the outpatient clinics complied with the Rome IV criteria in the questionnaire, one-
third of them did not meet the criteria at the interview due to, e.g., a flare of UC or
misunderstanding of the questionnaire. Patient’s demographics are shown in Table 2
(combined) and Supplementary Table S1.
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Figure 2. This figure shows the inclusion process. Half of the patients were found via questionnaires
sent out electronically, and the other half were recruited at planned outpatient consultations. The
questionnaires were not filled in by 67% of patients. Of those who completed the questionnaires, 31%
fulfilled the Rome IV criteria for IBS; however, of those accepting contact, 37% did not fulfil the Rome
IV criteria at the time of the interview.

Table 2. Baseline participant demographics.

Demographics Control Group Low FODMAP Diet

n 7 12
m/w 0/7 2/10
Age (median (IQR)) 47 (42; 48) 38 (32; 50)
Caucasian 7/7 12/12
Weight (median (IQR)) kg 85.0 (54.2; 93.7) 72.4 (64.6; 87.2)
Debut year (median (IQR)) 2010 (2009; 2012) 2012 (2005; 2016)
Family members with CU (%) 2 (29%) 3 (25%)
Smoker (%) 2 (29%) 1 (8.3%)

Screening questionnaires

SCCAI (median (IQR)) 3 (2; 5) 4 (3; 5)
Endo Mayo score (median (IQR) 1 (1; 1) 1 (1; 2)
Missing (no endoscopy?) 2 3

Treatment

5-ASA treatment (%) 3 (43%) 5 (42%)
Azathioprine (%) 0 (0.0%) 1 (8.3%)
Biologics (%) 1 (14%) 1 (8.3%)

Questionnaires at baseline, visits 2 and 3

IBS-SSS score (median (IQR)) 273 (248; 280) 239 (208; 278)
Symptom score (average of 1 week) (median (IQR)) 34.5 (28.5; 42.7) 15.8 (11.5; 25.8)
Bristol Stool Score (average of 1 week), median (IQR)) 4.0 (3.1; 5.0) 5.0 (4.3; 5.2)
Stool frequency/day (average of 1 week) 2.1 (1.6; 2.3) 1.5 (1.1; 2.5)
GSRS score (median (IQR)) 44 (36; 67) 45 (36; 50)
SF-36 score (median (IQR)) 75.6 (50.0; 84.7) 76.1 (52.4; 82.1)
HADS score (median (IQR)) 10 (5; 18) 9 (4; 14)
VSI score (median (IQR)) 55 (29; 63) 54 (48; 65)
AR (% yes) 6 (85.7%) 3 (25.0%)
PHQ15 (median (IQR) 12 (9; 19) 11 (10; 16)
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Table 2. Cont.

Demographics Control Group Low FODMAP Diet

Daily FODMAP intake

GOS 0.57 (0.54; 1.19) 0.73 (0.61; 0.78)
Fructans 4.87 (4.14; 5.57) 4.67 (3.84;4.80)
Fructose 1.23 (1.14; 2.14) 3.15 (1.37; 30.83)
Lactose 1.37 (0.70; 5.35) 10.19 (7.04; 11.64)
Sorbitol 0.36 (0.18; 2.04) 0.38 (0.14; 1.63)
Mannitol 0.03 (0.01; 0.08) 0.06 (0.06; 0.11)

Abbreviations: FODMAPS: Fermentable oligo-; di, and monosaccharides and polyols; n: Number; m: men; w:
Women; IQR: Inter-quartile range; UC: Ulcerative colitis; SCCAI: Simple Clinical Colitis Activity Index; 5-ASA:
5-Aminosalicylates; IBS-SSS score: Irritable bowel symptom severity score; GSRS: IBS-specific Gastrointestinal
Symptom Rating Scale; SF-36: Short Form 36 Health Survey; HADS: Hospital Anxiety and Depression Scale;
VSI: The Visceral Sensitivity Index; AR: Irritable Bowel Syndrome Adequate Relief; PHQ15: Patient Health
Questionnaire; GOS; GalactoOligoSaccharide.

3.1. Feasibility of Blinding and Adherence to Low FODMAP Diet

All patients on a low-FODMAP diet self-reported adherence to the low-FODMAP diet
and intake of the food supplement treatment (Table 3). There was a significantly decreased
intake of FODMAPs in the diet groups, but not the control group (Table 3). Patients did not
guess blinding status (Table 3).

Table 3. Results after intervention.

Low FODMAP Diet Control Group

Provocation After FODMAP After Placebo p After 4 Weeks

Guessed the blinding status 5 (56%) 3 (33%) >0.99 -
Self-reported adherence to diet 9 (100%) 9 (100%) - -
Supplementary intake (median
(IQR)) % 86% (74; 95) 93% (86; 100) 0.40

Medication changes * 1 (11%) 0 (0.0%) - 0 (0.0%)

Secondary endpoints, Median (IQR)

Weight: kg, % −2.0 (−3.1; −0.9) −1.0 (−2.3; −0.5) 0.30 0.0 (−0.5; 0.2)
Change in Bristol Stool Scale score? −0.3 (−1.0; 0.3) −0.1 (−0.5; 0.0) 0.30 0.3 (−0.2; 0.5)
Change in stool frequency/day 0.0 (−0.9; 0.4) −0.2 (−0.6; 0.0) 0.20 0.3 (0.2; 0.5)
Change in GSRS score −6 (−17; −3) −7 (−11; −1) 0.19 −4 (−7; −0)
Change in SF-36 score 3.2 (1.1; 7.5) 2.2 (−3.5; 4.3) 0.24 −5.7 (−10.3; 0.3)
Change in HADS score −2 (−6; −2) 0 (−4; 0) 0.03 0 (−2; 2)
Change in VSI score 6 (3; 11) −1 (−6; 7) 0.29 −3 (−4; 3)
Change in AR: No to Yes, %
Yes to No, %

3 (33%)
0 (0.0%)

3 (33%)
0 (0.0%) 1.00 0 (0.0)

3 (42.9)
Change in PHQ15 −4 (−5; −2) −4 (−4; −1) 0.67 0 (−4; 2)

Change in FODMAPS in diet registration, %

Index for all FODMAPs −49% (−71; −37) −74% (−78; −36) 0.81 33% (2%; 49%)
Fructose −38% (−49; −30) −58% (−67.5; −20) 1.00 −13% (−29%; 37%)
Lactose −96% (−99; −80) −99% (−99; −94) 1.00 166% (141%; 287%)
Sorbitol −58% (−93; 147) −91% (−100; 44) 0.06 −34% (−54%; 81%)
Mannitol −22% (−67; −17) −28% (−50; 9.1) 1.00 200% (−10%; 325%)
Fructans −32% (−47; −29) −31% (−50; −31) 0.81 0% (−26%; 23%)
GOS −43% (−70; −23) −40% (−52; −20) 0.63 −3% (−19%; 7%)
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Table 3. Cont.

Low FODMAP Diet Control Group

Change in FODMAPS in frequency registration, %

Fructose −30% (−73; 39) −93% (−97; −90) 0.06 −15% (−52%; 166%)
Lactose −100% (−100; −66) −100% (−100; −57) 0.58 −7% (−28%; 96%)
Sorbitol −83% (−92; −77) −97% (−100; −80) 0.69 20% (−25%; 196%)
Mannitol −98% (−100; −37) −100% (−100; −86) 0.42 −35% (−66%; 24%)
Fructans −90% (−96; −56) −89% (−93; −76) 0.56 1% (−10%; 39%)
GOS −83% (−98; −37) −54% (−84; −13) 0.69 −1% (−33%; 5%)

Abbreviations: FODMAPS: Fermentable oligo-, di, and monosaccharides and polyols; n: Number; m: men; w:
Women; IQR: Inter-quartile range; UC: Ulcerative colitis; SCCAI: Simple Clinical Colitis Activity Index; 5-ASA:
5-Aminosalicylates; IBS-SSS score: Irritable bowel symptom severity score; GSRS: IBS-specific Gastrointestinal
Symptom Rating Scale; SF-36: Short Form 36 Health Survey; HADS: Hospital Anxiety and Depression Scale;
VSI: The Visceral Sensitivity Index; AR: Irritable Bowel Syndrome Adequate Relief; PHQ15: Patient Health
Questionnaire; GOS; GalactoOligoSaccharide. * started 5-ASA treatment during FODMAP provocation.

3.2. Primary Endpoint

There was no change in IBS-SSS scores after low FODMAP diet and placebo provoca-
tion combined (p > 0.99, Figure 3). Patients in the control group did not report change in
their IBS-SSS scores from baseline either. Hence, IBS-SSS scores in all three groups (diet,
diet (placebo) and control group) were comparable (Figure 3).
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Patients on the low-FODMAP diet experienced no reductions in their IBS-SSS score after the 

Figure 3. While on watchful waiting, the controls did not change their IBS-SSS scores from baseline.
Patients on the low-FODMAP diet experienced no reductions in their IBS-SSS score after the combined
time period of first open-label low-FODMAP diet and subsequent provocations with either placebo
or FODMAPS. The lack of difference was a consequence of the provocation effects cancelling the
initial dietary effect.

3.3. Secondary Endpoints

The symptom diary made it possible to distinguish between the effects of diet and
provocations on a weekly basis. After two weeks, pain score decreased significantly with
40% (p = 0.002) and bloating score with 56% (p < 0.001) compared to baseline in the low-
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FODMAP diet groups (Figure 4A,B). However, when provoked blindly with placebo,
symptoms increased and were similar to baseline levels eliminating the initial diet effect
(p > 0.05, Figure 4A,B). Patients in the control group showed a decreasing trend in the
median abdominal pain score of almost 50% (p = 0.22, Figure 4C), and in the bloating score
by a median of 38% (Figure 4D). These results matched improvements in the diet group
while they were on the low-FODMAP diet (p = 0.92).
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Figure 4. The results of the symptom diaries showed that watchful waiting in the control group
resulted in a 50% pain reduction (A) and bloating reduction trend (B). In diet groups, two weeks on
the open-label low-FODMAP-diet resulted in significant decreases in pain and bloating scores (C,D).
However, after the subsequent two weeks provocations, pain and bloating scores returned to baseline
levels regardless of the provocation placebo (p < 0.05, nocebo effect) or FODMAPs (C,D). * p < 0.05.

Results for a priori defined secondary outcomes in patients on diet and provocations
were similar and no clinically relevant differences were observed. There was no indication
of UC flare during the study period as calprotectin levels remained normal for all patients.
Blood sample analysis did not show clinically relevant changes. In gut microbiota measures,
variations were observed across all groups during the study period, although interpersonal
variations superseded the effects of treatment. No treatment-specific effect was observed
(Supplementary Figure S1).

4. Discussion

This feasibility study is the first randomised study of low-FODMAP elimination with
subsequent placebo-controlled, double-blinded cross-over provocation related to symptoms
of patients with IBS in IBD in deep remission. Recruitment was challenging. The blinding
of the provocation foods was effective. This study followed the gold standard of testing for
food intolerance. The FODMAP elimination followed by randomised subsequent double-
blinded, cross-over reintroduction of FODMAPs was additionally compared to a control
group to estimate the effect of participation in the study procedures alone without any
intervention. This enabled us to estimate the efficacy of the diet alone with a control group
undergoing the same non-diet interventions as the diet groups. The two-week duration
of each elimination and provocation of FODMAPs/placebo has, in previous studies, been
shown to be an adequate duration for the diet to show efficacy and provocations to provoke
symptoms [11]. The two RCTs previously published on the effect of low-FODMAP diet in
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IBD-IBS overlap were of 1 to 14 days in duration, which is problematic as IBS symptoms
vary over time. An optimal study would run over months or even years due to symptom
fluctuations in IBS. However, the longer the duration of a strict diet and frequent hospital
visits, the higher the risk of dropouts, non-compliance, and risk of poor generalisability as
patients willing to continue participation could be less and less comparable to the average
patient with IBD. The choice of two weeks of diet or provocation was a compromise to
optimise the proportion of patients completing the study and adhering to the low FODMAP-
diet. In the control group we chose “no treatment”/“watchful waiting”, as the alternative.
“Open-label placebo” has previously shown some efficacy on symptoms, which we aimed
to minimise [33]. Still, the “no treatment/watchful waiting” in the control group was highly
efficacious to decrease symptoms, suggesting a high placebo effect.

We followed the gold standard for testing food intolerance by eliminating and subse-
quently provoking in a blinded fashion as described above [14]. The amount of FODMAPs
in the blinded provocation (25 g per day) was chosen to reflect the amount in a typical
Danish diet, which is high compared to what has previously been reported from Australian
(16 g per day) and American diets (12 g per day) [11,34]. The amount of FODMAPs in
provocations fitted well with the amount diet patients had ingested before entering the
study (20 g per day). In the study we provoked with a balance of all six types of FODMAPs
to better mimic the real-life situation. Previous studies have provoked only with one or
two FODMAPs, which rarely resembles a normal diet. The identical taste, look, scent and
consistency of the provocation food supplements, efficiently prevented study personnel
and patients from guessing the blinding status, which has previously been a problem in
low-FODMAP diet studies [11]. Using food supplements instead of supplying all foods for
the study allowed patients to live as normally as possible during participation in the study,
to eliminate asocial eating behaviour to affect results.

In patients on an open-label low-FODMAP diet, abdominal pain scores decreased
by 40% and bloating scores by 56%; this was similar to controls on watchful waiting.
Provocations for two weeks with either placebo or FODMAPs reverted pain and bloating
scores to baseline levels.

Patient recruitment problems resulted in a small sample size; 19 patients were included
versus the calculated 45. Firstly, many patients chose not to complete the questionnaires,
possibly resulting in selection bias, which could impair generalisability. Secondly, many
patients with IBS according to questionnaire answers, actually experienced a flare or did
not fulfil the ROME IV criteria when interviewed, resulting in a very low percentage of IBS
in IBD in this study compared to previous data [35]. Among screened patients where both
doctor and patient assessed those patients to be in remission, 8% had a flare documented
at endoscopy. This calls for increased use of endoscopy in patients with UC experiencing
abdominal pain or bloating but normal non-bloody stools.

Finally, as recruitment proved extremely difficult in this study, the primary focus
changed to study feasibility and the final sample size reflected the largest feasible sample
size at our two study hospitals and a crossover design was used to maximise power.
Further, the primary outcome was changed to IBS-SSS as this is the gold standard scale for
IBS symptoms. Recalculation of adequate sample size was not performed a priori, as the
feasibility of simply completing the trial was the main goal. Additionally, within-person
standard deviations were not available at the time. The initial power calculation for this
RCT study was designed for a parallel trial with symptom diary as the primary outcome
using data from a previous study in patients with IBD [15]. According to this calculation,
a minimum difference in the symptom score on a VAS of 2.5, a standard deviation of 2.3
with 80% power and α = 0.05, 45 patients were needed for a parallel study. However, our
study had a within-person SD of 48.4. Therefore, to detect a minimally relevant difference
of 50% as recommended for IBS-SSS (i.e., 125.3 from baseline mean IBS-SSS of 247.5), a
total of five patients were needed at 80% power and a two-sided alpha Level of 5%” [36].
The findings in this study regarding not significant differences in terms of blood and stool
samples confirm other previous studies where no differences have been documented either.
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A strength of the present study was that the gold standard was used for testing
food intolerance with elimination followed by blinded provocations [14]. However, food
provocations may result in a substantial nocebo response, which should be taken into
account, and this may have influenced the results of our study [12]. In addition, the number
of questionnaires should be reduced, as there is a large overlap between the results of the
individual questionnaires.

The patient group was well defined and in deep remission, established by endoscopy,
and histology before the study and calprotectin levels were monitored during the study,
ensuring that the results did not reflect a new flare rather than the effect of the diet. Blood
samples were analysed for C-reactive protein, white blood cell count, total iron, transferrin,
ferritin, haemoglobin (whole blood), folate, cobalamin and red blood cell volume. Faeces
was analysed for faecal calprotectin and bacterial DNA. There was no significant difference
in any of the blood and microbiota samples except in Ferritin (p = 0.02). The paraclinical
tests (calprotectin, blood and stool samples) were stable and documented continuing
remission, thus not affecting the results. The existing literature on an association between
low FODMAPs and microbiota changes is not unequivocal; this study showed no variations
in the microbiota of study participants [11,13,37,38].

Surprisingly, the average pain score in the control group decreased by almost 50%,
though not statistically significant, due to the low number and high variability of study
participants. However, as these patients attended the same outpatient visits and completed
the same questionnaires as the diet group, a placebo response was to be expected. Moreover,
placebo responses up to 80% in short-lasting IBS trials have previously been observed [39].
This could not be explained by the controls adhering to the low FODMAP principles
(monitored during the study), which constitutes a major challenge when planning future
diet studies.

The open-label low-FODMAP diet resulted in a symptom decrease, which reflects
either a dietary or a placebo effect. The placebo provocation also revealed a large nocebo
effect. The nocebo effect resulting from a placebo provocation has previously been observed
by Biesierski et al. and should be considered in future studies [12]. Provocation with
FODMAPs elicited the same increase in symptoms as placebo provocation. The primary
endpoint, which was the combined effect of elimination and subsequent provocation with
FODMAPs, documented no change in IBS-SSS score, masking the pain decrease by the diet
alone. In future studies, it will be necessary to measure an IBS-SSS score the day before
starting the provocations.

5. Conclusions

This feasibility study provides insight into how to plan future diet studies. The results
of the study document the possibility of performing a RCT following the gold standard for
blindly testing food intolerance with the low-FODMAP diet. This feasibility study provides
insight into how a future study such as this can be constructed.

The results of this blinded FODMAP RCT study in patients with UC in remission and
comorbid symptoms of IBD suggested that placebo and nocebo responses explained the
symptom dynamics when eliminating and subsequently provoking with FODMAPs.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/nu14061296/s1, Figure S1: Gut microbiota of the different
patient groups.

Author Contributions: Conceptualisation, A.L.K., J.S., P.L., S.S., M.B., T.S.O. and D.M.; methodology,
A.L.K., D.M., T.S.O., M.B. and P.L.; software, A.L.K., J.S. and D.M.; validation, J.S., J.R., J.K.K.,
C.B.-N., A.-M.J. and A.L.K.; formal analysis, J.R.; investigation, J.S., A.L.K., J.E. and T.S.O.; resources,
S.S., P.L.; data curation, A.L.K. and J.R.; writing—original draft preparation, D.M., J.S. and A.L.K.;
writing—review and editing, D.M., J.S. and A.L.K.; visualization, J.R.; supervision, A.L.K.; project
administration, A.L.K. and D.M.; funding acquisition, J.S., D.M. and A.L.K. All authors have read
and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/nu14061296/s1


Nutrients 2022, 14, 1296 12 of 13

Funding: This research was funded by the Danish Diet & Nutrition Association, Denmark and Marie
Pedersen and Jensine Heiberg’s Foundation, Centre for Clinical Research, North Regional Hospital
Hjørring, Denmark.

Institutional Review Board Statement: The local data authorities and local Ethical Committee
approved the database and study protocol (N-20180005), and the study was registered at ClinicalTri-
als.gov (accessed on 30 January 2022) under the identifier NCT02469220. Oral and written informed
consent was obtained from all participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: Dept. Clinical Biochemistry at North Denmark Regional Hospital is thanked for
performing the clinical biochemical analyses.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Simrén, M.; Axelsson, J.; Gillberg, R.; Abrahamsson, H.; Svedlund, J.; Björnsson, E.S. Quality of Life in Inflammatory Bowel

Disease in Remission: The Impact of IBS-like Symptoms and Associated Psychological Factors. Am. J. Gastroenterol. 2002, 97,
389–396. [CrossRef]

2. Halpin, S.J.; Ford, A.C. Prevalence of Symptoms Meeting Criteria for Irritable Bowel Syndrome in Inflammatory Bowel Disease:
Systematic Review and Meta-Analysis. Am. J. Gastroenterol. 2012, 107, 1474–1482. [CrossRef] [PubMed]

3. Stanisic, V.; Quigley, E.M.M. The Overlap between IBS and IBD: What Is It and What Does It Mean? Expert Rev. Gastroenterol.
Hepatol. 2014, 8, 139–145. [CrossRef] [PubMed]

4. Barbara, G.; Cremon, C.; Stanghellini, V. Inflammatory Bowel Disease and Irritable Bowel Syndrome: Similarities and Differences.
Curr. Opin. Gastroenterol. 2014, 30, 352–358. [CrossRef]

5. Mikocka-Walus, A.A.; Turnbull, D.A.; Andrews, J.M.; Moulding, N.T.; Holtmann, G.J. The Effect of Functional Gastrointestinal
Disorders on Psychological Comorbidity and Quality of Life in Patients with Inflammatory Bowel Disease. Aliment. Pharmacol.
Ther. 2008, 28, 475–483. [CrossRef]

6. Keohane, J.; O’Mahony, C.; O’Mahony, L.; O’Mahony, S.; Quigley, E.M.; Shanahan, F. Irritable Bowel Syndrome-Type Symptoms
in Patients with Inflammatory Bowel Disease: A Real Association or Reflection of Occult Inflammation? Am. J. Gastroenterol. 2010,
105, 1789–1794. [CrossRef]

7. Gibson, P.R. Use of the Low-FODMAP Diet in Inflammatory Bowel Disease. J. Gastroenterol. Hepatol. 2017, 32 (Suppl. S1), 40–42.
[CrossRef]

8. Shepherd, S.J.; Lomer, M.C.E.; Gibson, P.R. Short-Chain Carbohydrates and Functional Gastrointestinal Disorders. Am. J.
Gastroenterol. 2013, 108, 707–717. [CrossRef]

9. Altobelli, E.; Del Negro, V.; Angeletti, P.M.; Latella, G. Low-FODMAP Diet Improves Irritable Bowel Syndrome Symptoms: A
Meta-Analysis. Nutrients 2017, 9, 940. [CrossRef]

10. Krogsgaard, L.R.; Lyngesen, M.; Bytzer, P. Systematic Review: Quality of Trials on the Symptomatic Effects of the Low FODMAP
Diet for Irritable Bowel Syndrome. Aliment. Pharmacol. Ther. 2017, 45, 1506–1513. [CrossRef]

11. Halmos, E.P.; Power, V.A.; Shepherd, S.J.; Gibson, P.R.; Muir, J.G. A Diet Low in FODMAPs Reduces Symptoms of Irritable Bowel
Syndrome. Gastroenterology 2014, 146, 67–75.e5. [CrossRef] [PubMed]

12. Shepherd, S.J.; Parker, F.C.; Muir, J.G.; Gibson, P.R. Dietary Triggers of Abdominal Symptoms in Patients with Irritable Bowel
Syndrome: Randomized Placebo-Controlled Evidence. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc.
2008, 6, 765–771. [CrossRef] [PubMed]

13. Harris, P.A.; Taylor, R.; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, J.G. Research Electronic Data Capture (REDCap)-A Metadata-
Driven Methodology and Workflow Process for Providing Translational Research Informatics Support. J. Biomed. Inform. 2009, 42,
377–381. [CrossRef] [PubMed]

14. Harris, P.A.; Taylor, R.; Minor, B.L.; Elliott, V.; Fernandez, M.; O’Neal, L.; McLeod, L.; Delacqua, G.; Delacqua, F.; Kirby, J.; et al.
The REDCap Consortium: Building an International Community of Software Platform Partners. J. Biomed. Inform. 2019, 95,
103208. [CrossRef]

15. Chumpitazi, B.P.; Cope, J.L.; Hollister, E.B.; Tsai, C.M.; McMeans, A.R.; Luna, R.A.; Versalovic, J.; Shulman, R.J. Randomised
Clinical Trial: Gut Microbiome Biomarkers Are Associated with Clinical Response to a Low FODMAP Diet in Children with the
Irritable Bowel Syndrome. Aliment. Pharmacol. Ther. 2015, 42, 418–427. [CrossRef]

16. Monash University. The Monash FODMAP Calculator. Available online: https://www.monashfodmapcalculator.com.au/
(accessed on 10 October 2021).

http://doi.org/10.1016/S0002-9270(01)04037-0
http://doi.org/10.1038/ajg.2012.260
http://www.ncbi.nlm.nih.gov/pubmed/22929759
http://doi.org/10.1586/17474124.2014.876361
http://www.ncbi.nlm.nih.gov/pubmed/24417262
http://doi.org/10.1097/MOG.0000000000000070
http://doi.org/10.1111/j.1365-2036.2008.03754.x
http://doi.org/10.1038/ajg.2010.156
http://doi.org/10.1111/jgh.13695
http://doi.org/10.1038/ajg.2013.96
http://doi.org/10.3390/nu9090940
http://doi.org/10.1111/apt.14065
http://doi.org/10.1053/j.gastro.2013.09.046
http://www.ncbi.nlm.nih.gov/pubmed/24076059
http://doi.org/10.1016/j.cgh.2008.02.058
http://www.ncbi.nlm.nih.gov/pubmed/18456565
http://doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18929686
http://doi.org/10.1016/j.jbi.2019.103208
http://doi.org/10.1111/apt.13286
https://www.monashfodmapcalculator.com.au/


Nutrients 2022, 14, 1296 13 of 13

17. Schroeder, K.W.; Tremaine, W.J.; Ilstrup, D.M. Coated Oral 5-Aminosalicylic Acid Therapy for Mildly to Moderately Active
Ulcerative Colitis. A Randomized Study. N. Engl. J. Med. 1987, 317, 1625–1629. [CrossRef]

18. Palsson, O.S.; Whitehead, W.E.; van Tilburg, M.A.L.; Chang, L.; Chey, W.; Crowell, M.D.; Keefer, L.; Lembo, A.J.; Parkman,
H.P.; Rao, S.S.; et al. Rome IV Diagnostic Questionnaires and Tables for Investigators and Clinicians. Gastroenterology 2016, 150,
1481–1491. [CrossRef]

19. Francis, C.Y.; Morris, J.; Whorwell, P.J. The Irritable Bowel Severity Scoring System: A Simple Method of Monitoring Irritable
Bowel Syndrome and Its Progress. Aliment. Pharmacol. Ther. 1997, 11, 395–402. [CrossRef]

20. Zigmond, A.S.; Snaith, R.P. The Hospital Anxiety and Depression Scale. Acta Psychiatr. Scand. 1983, 67, 361–370. [CrossRef]
21. Labus, J.S.; Bolus, R.; Chang, L.; Wiklund, I.; Naesdal, J.; Mayer, E.A.; Naliboff, B.D. The Visceral Sensitivity Index: Development

and Validation of a Gastrointestinal Symptom-Specific Anxiety Scale. Aliment. Pharmacol. Ther. 2004, 20, 89–97. [CrossRef]
22. Labus, J.S.; Mayer, E.A.; Chang, L.; Bolus, R.; Naliboff, B.D. The Central Role of Gastrointestinal-Specific Anxiety in Irritable

Bowel Syndrome: Further Validation of the Visceral Sensitivity Index. Psychosom. Med. 2007, 69, 89–98. [CrossRef] [PubMed]
23. Svedlund, J.; Sjödin, I.; Dotevall, G. GSRS—A Clinical Rating Scale for Gastrointestinal Symptoms in Patients with Irritable Bowel

Syndrome and Peptic Ulcer Disease. Dig. Dis. Sci. 1988, 33, 129–134. [CrossRef] [PubMed]
24. Camilleri, M.; Mangel, A.W.; Fehnel, S.E.; Drossman, D.A.; Mayer, E.A.; Talley, N.J. Primary Endpoints for Irritable Bowel

Syndrome Trials: A Review of Performance of Endpoints. Clin. Gastroenterol. Hepatol. Off. Clin. Pract. J. Am. Gastroenterol. Assoc.
2007, 5, 534–540. [CrossRef]

25. Camilleri, M.; Chey, W.Y.; Mayer, E.A.; Northcutt, A.R.; Heath, A.; Dukes, G.E.; McSorley, D.; Mangel, A.M. A Randomized
Controlled Clinical Trial of the Serotonin Type 3 Receptor Antagonist Alosetron in Women with Diarrhea-Predominant Irritable
Bowel Syndrome. Arch. Intern. Med. 2001, 161, 1733–1740. [CrossRef] [PubMed]

26. Mangel, A.W. Personal View: Adequate Relief as a Primary Endpoint in Irritable Bowel Syndrome. Aliment. Pharmacol. Ther. 2006,
23, 879–881. [CrossRef] [PubMed]

27. De Vroege, L.; Hoedeman, R.; Nuyen, J.; Sijtsma, K.; van der Feltz-Cornelis, C.M. Validation of the PHQ-15 for Somatoform
Disorder in the Occupational Health Care Setting. J. Occup. Rehabil. 2012, 22, 51–58. [CrossRef] [PubMed]

28. Ware, J.E.J.; Sherbourne, C.D. The MOS 36-Item Short-Form Health Survey (SF-36). I. Conceptual Framework and Item Selection.
Med. Care 1992, 30, 473–483. [CrossRef]

29. Bundgaard-Nielsen, C.; Hagstrøm, S.; Sørensen, S. Interpersonal Variations in Gut Microbiota Profiles Supersedes the Effects of
Differing Fecal Storage Conditions. Sci. Rep. 2018, 8, 17367. [CrossRef]

30. Team, R.C. A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020.
31. Charlesworth, J.E.G.; Petkovic, G.; Kelley, J.M.; Hunter, M.; Onakpoya, I.; Roberts, N.; Miller, F.G.; Howick, J. Effects of Placebos

without Deception Compared with No Treatment: A Systematic Review and Meta-Analysis. J. Evid. Based. Med. 2017, 10, 97–107.
[CrossRef]

32. Jonefjäll, B.; Strid, H.; Ohman, L.; Svedlund, J.; Bergstedt, A.; Simren, M. Characterization of IBS-like Symptoms in Patients with
Ulcerative Colitis in Clinical Remission. Neurogastroenterol. Motil. Off. J. Eur. Gastrointest. Motil. Soc. 2013, 25, 756-e578. [CrossRef]

33. Hustoft, T.N.; Hausken, T.; Ystad, S.O.; Valeur, J.; Brokstad, K.; Hatlebakk, J.G.; Lied, G.A. Effects of Varying Dietary Content of
Fermentable Short-Chain Carbohydrates on Symptoms, Fecal Microenvironment, and Cytokine Profiles in Patients with Irritable
Bowel Syndrome. Neurogastroenterol. Motil. Off. J. Eur. Gastrointest. Motil. Soc. 2017, 29, e12969. [CrossRef] [PubMed]

34. Cox, S.R.; Lindsay, J.O.; Fromentin, S.; Stagg, A.J.; McCarthy, N.E.; Galleron, N.; Ibraim, S.B.; Roume, H.; Levenez, F.; Pons, N.;
et al. Effects of Low FODMAP Diet on Symptoms, Fecal Microbiome, and Markers of Inflammation in Patients with Quiescent
Inflammatory Bowel Disease in a Randomized Trial. Gastroenterology 2020, 158, 176–188.e7. [CrossRef] [PubMed]

35. Van Megen, F.; Kahrs, G.E.; Hatlebakk, J.G. Effects of a FODMAP Restricted Diet in Irritable Bowel Symptoms in Patients with
Inflammatory Bowel Diease. United Eur. Gastroenterol. J. 2014, 2, P0342.

36. Sloan, T.J.; Jalanka, J.; Major, G.A.D.; Krishnasamy, S.; Pritchard, S.; Abdelrazig, S.; Korpela, K.; Singh, G.; Mulvenna, C.; Hoad,
C.L.; et al. A Low FODMAP Diet Is Associated with Changes in the Microbiota and Reduction in Breath Hydrogen but Not
Colonic Volume in Healthy Subjects. PLoS ONE 2018, 13, e0201410. [CrossRef]

37. Spiegel, B.; Camilleri, M.; Bolus, R.; Andresen, V.; Chey, W.D.; Fehnel, S.; Mangel, A.; Talley, N.J.; Whitehead, W.E. Psychometric
Evaluation of Patient-Reported Outcomes in Irritable Bowel Syndrome Randomized Controlled Trials: A Rome Foundation
Report. Gastroenterology 2009, 137, 1943–1944. [CrossRef]

38. Biesiekierski, J.R.; Peters, S.L.; Newnham, E.D.; Rosella, O.; Muir, J.G.; Gibson, P.R. No Effects of Gluten in Patients with Self-
Reported Non-Celiac Gluten Sensitivity after Dietary Reduction of Fermentable, Poorly Absorbed, Short-Chain Carbohydrates.
Gastroenterology 2013, 145, 320–323. [CrossRef]

39. Patel, S.M.; Stason, W.B.; Legedza, A.; Ock, S.M.; Kaptchuk, T.J.; Conboy, L.; Canenguez, K.; Park, J.K.; Kelly, E.; Jacobson, E.; et al.
The Placebo Effect in Irritable Bowel Syndrome Trials: A Meta-Analysis. Neurogastroenterol. Motil. Off. J. Eur. Gastrointest. Motil.
Soc. 2005, 17, 332–340. [CrossRef]

http://doi.org/10.1056/NEJM198712243172603
http://doi.org/10.1053/j.gastro.2016.02.014
http://doi.org/10.1046/j.1365-2036.1997.142318000.x
http://doi.org/10.1111/j.1600-0447.1983.tb09716.x
http://doi.org/10.1111/j.1365-2036.2004.02007.x
http://doi.org/10.1097/PSY.0b013e31802e2f24
http://www.ncbi.nlm.nih.gov/pubmed/17244851
http://doi.org/10.1007/BF01535722
http://www.ncbi.nlm.nih.gov/pubmed/3123181
http://doi.org/10.1016/j.cgh.2007.03.004
http://doi.org/10.1001/archinte.161.14.1733
http://www.ncbi.nlm.nih.gov/pubmed/11485506
http://doi.org/10.1111/j.1365-2036.2006.02839.x
http://www.ncbi.nlm.nih.gov/pubmed/16573790
http://doi.org/10.1007/s10926-011-9320-6
http://www.ncbi.nlm.nih.gov/pubmed/21785907
http://doi.org/10.1097/00005650-199206000-00002
http://doi.org/10.1038/s41598-018-35843-0
http://doi.org/10.1111/jebm.12251
http://doi.org/10.1111/nmo.12163
http://doi.org/10.1111/nmo.12969
http://www.ncbi.nlm.nih.gov/pubmed/27747984
http://doi.org/10.1053/j.gastro.2019.09.024
http://www.ncbi.nlm.nih.gov/pubmed/31586453
http://doi.org/10.1371/journal.pone.0201410
http://doi.org/10.1053/j.gastro.2009.08.047
http://doi.org/10.1053/j.gastro.2013.04.051
http://doi.org/10.1111/j.1365-2982.2005.00650.x

	Introduction 
	Materials and Methods 
	Participants 
	Measurements 
	Food Provocations 
	Questionnaires 
	Outcomes 
	Statistical Analysis and Bioinformatics 

	Results 
	Feasibility of Blinding and Adherence to Low FODMAP Diet 
	Primary Endpoint 
	Secondary Endpoints 

	Discussion 
	Conclusions 
	References

