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Summary

Background: A gluten-free diet reduces symptoms in some patients with irritable
bowel syndrome (IBS) through unclear mechanisms.

Aims: To assess the effects of gluten-free versus gluten-containing diet on symptoms
and the gut microenvironment, and to identify predictors of response to the gluten-
free diet in IBS

Methods: Twenty patients with IBS and 18 healthy controls (HC) followed a gluten-
free diet during two 14-day intervention periods where they sprinkled either gluten
(14 g/day) or rice flour powder over their meals. Primary outcomes included effects of
the interventions on IBS symptoms (IBS-SSS) and bowel habits. Secondary outcomes
included effects of gluten-free diet on faecal microbiota and metabolite profile.
Results: IBS symptoms improved during the gluten-free (p = 0.02), but not the gluten-
containing period, with no difference between the interventions. IBS patients re-
ported fewer loose stools during the gluten-free intervention (p = 0.01). Patients
with IBS and HC presented distinct metabolite profiles based on the effects of the
gluten-free diet (p<0.001). True responders (reduced IBS-SSS by =50 solely after
gluten-free period) and non-responders were discriminated based on the effects of
the gluten-free diet on the microbiota (p <0.01) and metabolite profiles (p <0.001).
The response to the gluten-free diet could be predicted by the metabolite profile
before the intervention (p <0.001).

Conclusions: A gluten-free diet may influence symptoms in a subset of patients with
IBS, with a particular effect on bowel habits. A gluten-free diet seems to impact the
gut microenvironment. Responsiveness to the gluten-free diet may be predicted by
the metabolite profile. Clinicaltrials.gov: NCT03869359.
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1 | INTRODUCTION

The majority of irritable bowel syndrome (IBS) patients relate their
symptoms to intake of certain foods.! The gut microenvironment,
where microbiota, food components and the nervous system inter-
act, is suggested to play a key role in gastrointestinal (Gl) symptom
generation in a subset of IBS patients.2 Currently, dietary treatments
focus on excluding specific food components, for example, gluten.
Somewhat conflicting and heterogeneous results have emerged
when assessing the gluten-free diet in IBS.® Therefore, the effects of
gluten on Gl symptoms in IBS patients still remain unclear.

Although a recent study has shown that exclusion diets have an
effect on the gut microbiota in IBS,* it has not been investigated
whether a gluten-free diet influence the microbiota composition dif-
ferently in IBS patients and healthy controls (HC). Furthermore, gut
microbiota metabolism utilising food components results in a large
variety of metabolites,” which are suggested to be of importance for
gut function and play a role in visceral hypersensitivity in IBS.° The
effects of the gluten-free diet on the gut metabolite composition
have not been determined in IBS patients.

This study investigated the hypothesis that a gluten-free diet can
reduce Gl symptoms in a subset of IBS patients through alterations
in the gut microenvironment. Therefore, the primary aim of the
study was to assess and compare the efficacy of the gluten-free and
gluten-containing diets in terms of effects on Gl symptoms in IBS
patients. Secondary aims were to identify the putative link between
gut microenvironment and the diets” effect on GI symptoms, and to
identify potential predictors of clinical response to the gluten-free
diet.

2 | MATERIALS AND METHODS
2.1 | Participants

Adult sex- and age-matched IBS patients and HC were recruited by
public advertisement in university buildings and university-related
social media of the University of Gothenburg, Sweden. The IBS di-
agnosis (Rome 1V) was confirmed by experienced gastroenterolo-
gists (M.S. and H.T.) after initial assessment by a trained medical
doctor (J.A.). The same data were collected for the whole study
population. Exclusion criteria were specific allergy or intolerance
to food, severe cardiovascular, hepatic, neurological or psychiatric
diseases, other Gl disease, diabetes, compliance to a specific diet
(including gluten-free, vegan, low-carb high-fat, and low ferment-
able oligo-, di-, monosaccharides and polyols [FODMAP] diet), Gl
surgery (except for appendectomy or cholecystectomy), use of
antibiotics within 1 month before inclusion, and pregnant or lac-
tating females. Participants that already identified gluten as a trig-
ger of their Gl symptoms were also excluded. Baseline laboratory
tests, including faecal calprotectin, tissue transglutaminase im-
munoglobulin (Ig) A antibodies, haemoglobin, leucocytes, throm-

bocytes, C-reactive protein, sodium, potassium, calcium, albumin,
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e-glomerular filtration rate, creatinine, alkaline phosphatase, ala-
nine transaminase, aspartate aminotransferase, thyroxine, thyroid
stimulating hormone, haemoglobin Alc, fasting glucose, choles-
terol (total), high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, and triglycerides were done to rule out any
severe concomitant disease. In addition, the participants reported
usage of IBS medication (e.g., anti-diarrhoeal medication, laxatives
and neuromodulators) and probiotics. All participants signed in-
formed consent at the screening visit and before any study re-
lated procedures. The study was approved by the regional Ethical
Review Board in Gothenburg (Dnr 627-18) in August 2018, and
was carried out at Sahlgrenska University Hospital, Gothenburg,
Sweden between October 2018 and November 2019, according
to the declaration of Helsinki. All authors had access to the study
data and reviewed and approved the final manuscript. Clinicaltr
ials.gov: NCT03869359.

2.2 | Study design

IBS patients and HC were challenged with gluten (14 g/day) and rice
flour, both for 2weeks, while adhering to a strict gluten-free diet
in this single-centre, double-blind, randomised, placebo-controlled,
cross-over trial (Figure 1). A wash-out period of at least 2weeks
separated the interventions. The participants were on their habitual
(gluten-containing) diet during the screening and wash-out periods.
Randomisation was done by drawing concealed envelops by a nurse
not involved in the study. The randomisation code was broken after

the analyses of the primary outcomes.

2.3 | Interventions

The participants were carefully instructed to follow a gluten-free
diet during the interventions, and in order to increase compliance
they obtained gluten-free meal boxes (Table S1) and lists of gluten-
free foods they were allowed to eat. The participants sprinkled
powder sachets (gluten and rice flour) over their meals during the
interventions. Detailed information of the gluten-free diet and a
list of gluten-free breakfast options were provided, and the partic-
ipants recorded all their dietary intake in food diaries. The partici-
pants received two meal boxes per day. The participants obtained
plastic sachets with vital gluten protein 14 g/day (per 100 g; energy
375kcal, protein 78.0 g, carbohydrates 7.0 g, fat 1.4 g, fibre 0.5 g,
Real Foods) and rice flour 14 g/day, which was low in FODMAPs
(per 100g; energy 375kcal, protein 7.7 g, carbohydrates 78.0 g,
fat 3.6 g, fibre 0.4 g, Doves Farm Foods Ltd). The gluten dose of
14 g/day was chosen in order to be similar to the gluten intake in
the general population (10 g/day) and Swedish IBS patients (11g/
day).®” The participants were instructed to sprinkle the powder
sachets over their meal boxes (twice per day) during the different
diet periods. Although the plastic sachets were identical (except

marked with ‘A" or ‘B'), the contents differed in colour. To assess
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FIGURE 1 Study design, randomised double-blind placebo-controlled crossover trial

adequate blinding, the participants were asked after each inter-
vention whether they thought they received gluten, placebo, or
if they could not guess. After both interventions, serum samples
were taken and serum alkylresorcinols were analysed using liquid
chromatography/mass-spectrometry (LC-MS) (Food and Nutrition
Science, Chalmers Technical University, Gothenburg, Sweden)
for assessment of compliance to both gluten-free and gluten-
containing interventions. Alkylresorcinols are long-chain phenolic
lipids present in gluten-containing grains, and both epidemiologi-
cal and intervention studies have shown the potential of alkylres-
orcinols as a biomarker for both gluten intake and a gluten-free
diet.””?

2.4 | IBS symptom severity

Before and after the interventions, the participants reported Gl
symptom severity, using the IBS-Severity Scoring System (IBS-
SSS).1° The 1BS-SSS incorporates typical IBS symptoms in five do-
mains scored 0-100 including intensity and frequency of abdominal
pain, intensity of abdominal bloating, bowel habit dissatisfaction,
and the daily life interference of IBS in general (maximum aggregated
score of 500).

2.5 | Bowel habits

Bowel habits were documented daily using a stool diary based on the
Bristol Stool Form (BSF) scale,'! which depicts stool types 1-7; 1-2
hard stools, 6-7 loose stools. The data were used to assess the dif-
ference in proportions of hard stools, loose stools, and normal stools
between the interventions, and to categorise IBS patients into IBS
subtypes according to the Rome IV criteria: IBS with constipation
(IBS-C), IBS with diarrhoea (IBS-D), and IBS with mixed bowel habits
(IBS-M) or unclassified IBS (IBS-U).*?

2.6 | Anxiety, depression and somatic symptoms

Assessments of anxiety and depression were done using the Hospital
Anxiety and Depression Scale (HADS),'® and somatic symptoms
were assessed with the Patient Health Questionnaire (PHQ)-12,%
which assesses non-Gl somatic symptoms. For both HADS and PHQ-
12 (assessed before and after both interventions), higher scores indi-
cate more severe symptoms.

2.7 | Faecal microbiota

Faecal samples (online supporting information) were analysed for
microbiota profiles by the commercially available GA-map Dysbiosis
Test (Genetic Analysis AS).Y® The test provides faecal bacterial
profiles (16S rRNA analysis), using 48 DNA probes targeting 2300
bacteria on different taxonomic levels assessed as probe signal in-
tensity. To assess the effects of the interventions, the p-diversity
was estimated by use of the Bray-Curtis dissimilarity index.

2.8 | Faecal metabolites

Extracted faecal supernatants were used for untargeted me-
tabolomics, performed by LC-MS (Food and Nutrition Science,
Chalmers Technical University, Gothenburg, Sweden). A dataset of
>13,000 faecal metabolites was obtained after an analytical work-
flow (‘Notame’) for untargeted metabolic profiling approaches,

utilising LC-MS analysis (online supporting information).*®

2.9 | Data analyses and statistics

The first step was to assess the difference after the interventions for

the primary outcomes. Here, linear mixed models with unstructured
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covariance pattern were used with intervention, period and randomisa-
tion sequence as fixed factors, and study participant as random factor.
Randomisation sequence had no significant effect in any model, there-
fore, this variable was excluded from all models. Outcomes are pre-
sented for intervention. For the primary outcomes, the interventions
were also analysed separately (before versus after each intervention
period) with linear mixed models. A decrease of >50 points in IBS-SSS
defined a responder to treatment, and our definition of a true responder
was an IBS patient that solely responded to the gluten-free intervention.
All others were defined as non-responders. According to this defini-
tion, responders solely to the inactive treatment (i.e., gluten-containing
intervention) could also be identified. These patients were defined as
placebo-responders. The second step was to compare the effects of the
interventions on the secondary outcomes within groups. Here, both
linear mixed models and multivariate analyses, including principal com-
ponent analysis (PCA) and orthogonal partial least squared discriminant
analysis (OPLS-DA) were used. IBS patients, HC, true responders, and
non-responders, were assessed separately. The third step was to as-
sess effects of the gluten-free diet while comparing the groups, that
is IBS versus HC and true-responders versus non-responders, using
multivariate analyses. Finally, the fourth step was to assess predictors
of response to the gluten-free diet, where data of true responders and
non-responders were compared before the gluten-free intervention
using multivariate analyses (online supporting information). Data are
presented as mean =+ standard deviation (SD), frequency (%) or 8 coef-
ficients with 95% confidence interval (Cl). The microbiota and metabo-
lites analyses were also done separately for placebo-responders. Linear
mixed models and univariate analyses were performed using IBM SPSS
Statistics, Version 27.0 (IBM). Estimations of Bray-Curtis dissimilarity
and PCAs were performed in RStudio (R version 4.0.3) using the vegan
and pca3d packages, and OPLS-DAs were performed using SIMCA
Software Version 16.0.2 (Umetrics AB). p<0.05, and when appropriate
after the false discovery rate (FDR) correction (g <0.05), were consid-

ered as statistical significant in all analyses.

2.10 | Sample size calculation

The sample size calculation was based on the difference in IBS-SSS
within the same study subject between the diets using paired sam-
ples power test (n = [t ”/2+tn_1y/,]2/d2). A total of 18 pairs (n) was
needed to achieve a power of 80% () and a level of significance
of 0.05 (a), for detecting a mean of the differences of 50 (t) in IBS-
SSS between the pairs, assuming the SD of the differences to be 70
(d = delta/SD).

3 | RESULTS
3.1 | Participants

Twenty IBS patients and 21 HC were eligible for randomisation to

the interventions. All IBS patients and 18 HC completed the study
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TABLE 1 Baseline characteristics

Healthy
IBS patients controls
(n = 20) (n=21)
Age, years, mean+SD 25.4+3.2 24.6+3.6
Females, % 90 90
BMI, kg/m?2, mean +SD 24.6+6.6 23.6+2.8
Subtype (%)
IBS-C 25 NA
IBS-D 40
IBS-M 30
IBS-U 5
IBS duration, years, mean+SD 9.8+5.6 NA
Anti-tTG antibodies positivity (%) 0 0
Faecal calprotectin, mean+SD 22+38 22+11
IBS-SSS total, mean+SD 334+63 11+16
BSF hard stools, mean % +SD 15.6+21.2 6.6+9.5
BSF loose stools, mean % +SD 22.3+24.0 3.2+5.5
BSF normal stools, mean % +SD 62.1+24.2 90.2+11.6
HADS anxiety, mean+SD 7+5 4+3
HADS depression, mean +SD 3+4 1+1
PHQ-12 somatic symptoms, 8+4 3+2

mean+SD

Abbreviations: BMI, body mass index; BSF, Bristol stool form;
HADS, Hospital Anxiety and Depression Scale; IBS, irritable bowel
syndrome; IBS-C, IBS with predominant constipation; IBS-D, IBS
with predominant diarrhoea; IBS-M, IBS with mixed bowel habits;
IBS-SSS, IBS severity scoring system; IBS-U, IBS with unspecified
bowel habits; PHQ, Patient Health Questionnaire; tTG, tissue
transglutaminase.

(flow chart: Figure S1). Baseline characteristics are presented in
Table 1. None of the participants used IBS medication and one IBS
patient used probiotics. The participants had the following outcome
on the question whether they thought they had received gluten,
placebo or if they did not know: IBS patients: correct answer, 35%;
wrong answer, 20%; did not know, 45%; and HC: correct answer,
33%; wrong answer, 11%; did not know, 56%. Higher levels of serum
alkylresorcinols were found after the gluten-containing intervention
compared with after the gluten-free intervention (Table S2), which

indicated good dietary compliance.

3.2 | Step 1: Primary endpoint; comparison of
interventions in IBS patients

3.2.1 | IBS symptom severity

The effects on IBS symptom severity in IBS patients did not differ be-
tween the interventions. However, the overall IBS symptom severity,
abdominal pain intensity, and daily life interference improved after

the gluten-free period, but no change in severity of IBS symptoms
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was found after the gluten-containing period (Table 2). The flow
chart of responses to the interventions and individual changes in
IBS-SSS are presented in Figure 2A,B. Six IBS patients were defined
as true responders to the gluten-free diet, and the remaining 14 IBS
patients were defined as non-responders. Of these non-responders,

five IBS patients were also defined as placebo-responders.

3.2.2 | Bowel habits

The proportion of reported loose stools differed between the interven-
tions. The IBS patients reported fewer loose stools during the gluten-
free intervention, compared with the gluten-containing intervention
(19.2% +17.9% vs 27.4%+20.9%, p = 0.01, g<0.05). No differences
were observed between the gluten-free versus gluten-containing
interventions in proportions of reported hard stools (17.0% + 18.6%
vs 12.7%+20.8%, p = 0.38) or normal stools (63.8%+17.3% vs
59.9%+25.2%, p = 0.47). True responders included IBS-D (n = 4),
IBS-M (n = 1) and IBS-U (n = 1) subtypes, and non-responders included
IBS-C (n =4), IBS-D (n = 5) and IBS-M (n = 5) subtypes (p = 0.14).

3.3 | Step 2: Secondary endpoints; comparison of
interventions within groups
3.3.1 | IBS symptoms and bowel habits in HCs

IBS symptoms did not differ between the interventions in HC, and

the numerical score remained very low compared to the IBS patients

ALGERA ET AL.

(Table 2). No differences were observed between the gluten-free
vs. gluten-containing interventions in proportions of hard stools
(8.8%+12.2% vs 9.6%+13.2%, p = 0.68), loose stools (3.0% +4.9%
vs 4.6%+6.5%, p = 0.41), or normal stools (88.2%+12.9% vs
85.8%+13.6%, p = 0.46).

3.3.2 | Anxiety, depression and somatic symptoms

The change in anxiety, depression and somatic symptom severity
did not differ between the interventions in IBS patients, HC or non-
responders. However, in true responders, the symptoms of anxiety
and depression were more reduced after the gluten-free compared
with the gluten-containing period (Table S3).

3.3.3 | Faecal microbiota

The Bray-Curtis dissimilarity indices did not differ between the
interventions analysing all IBS patients (g = 0.002 [-0.031, 0.036],
p = 0.63), non-responders (# = 0.012 [-0.040, 0.063], p = 0.88),
HC (8 =-0.003 [-0.025, 0.018], p = 0.75), or placebo-responders
(=-0.078 [-0.364,0.207], p = 0.97). In true-responders, the Bray-
Curtis dissimilarity indices after the gluten-free period were lower
compared to after the gluten-containing period (f =-0.030 [-0.041,
-0.020], p <0.001, g <0.05). PCA (Figure S2) on the change of fae-
cal microbiota composition showed no distinct separation between
the interventions and only poor OPLS-DA models were obtained
(Table S4).

TABLE 2 Severity of gastrointestinal symptoms in gluten-free and gluten-containing diet interventions

Gluten-free diet

Gluten-containing diet

Before After p within? Before After p within? p between?
IBS (n = 20)
IBS-SSS total score 315+63 262+111 0.02° 313+87 281+88 0.06 0.31
Abdominal pain intensity 59+18 45+29 0.02° 62+19 56+19 0.11 0.07
Abdominal pain frequency 54+26 50+28 0.42 60+33 52+27 0.14 0.78
Abdominal bloating 62+32 52+34 0.16 60+24 54+36 0.45 0.68
Bowel habit dissatisfaction 66+21 57+26 0.22 62+28 55+26 0.40 0.78
Daily life interference 73+18 63+27 0.04 70+ 20 64+22 0.07 0.85
HC (n = 21)
IBS-SSS total score 12+15 9+12 0.10 9+12 9+11 0.47 0.81
Abdominal pain intensity 2+5 0+1 0.18 0+0 EES 0.32 0.47
Abdominal pain frequency 1+5 1+5 0.32 0+0 1+5 0.32 1.00
Abdominal bloating 2+6 1+3 0.07 2+6 HERS 0.59 0.54
Bowel habit dissatisfaction 5+7 6+9 0.66 5+6 6+7 0.52 0.66
Daily life interference 1+1 0+1 0.06 1+3 1+1 0.31 0.62

Note: Data are shown as mean +SD or frequencies (%), assessed with linear mixed models. p values are main effect for intervention.

Abbreviation: IBS-SSS, irritable bowel syndrome severity scoring system.
3Comparisons were made intention to treat (IBS, n = 20; HC n = 21).

bq <0.05 (false discovery rate correction).
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(A)

GFD

FIGURE 2 Flow chart of responses
to both gluten-free diet (GFD) and
gluten-containing diet (GCD). (A) Six IBS
patients responded to the gluten-free
intervention and did not respond to the

GFD responder
(n=10) |
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gluten-containing intervention and were
identified as true responders (TR), and all
others (n = 14) were identified as non-
responders (NON). (B) individual changes
in IBS-SSS during both GFD and GCD.

GFD non-responder
(n=10)

3.3.4 | Faecal metabolites

PCA (Figure S3) on the change of faecal metabolites showed no
distinct separation between the interventions for any of the study
groups (i.e., all IBS patients, HC, true responders, non-responders,
or placebo-responders), and no OPLS-DA models could be

obtained.

3.4 | Step 3: Secondary endpoints; comparison of
gluten-free diet between groups

3.4.1 | Anxiety, depression and somatic symptoms

The changes in anxiety, depression and severity of somatic symp-
toms based on the effects of the gluten-free diet intervention did
not differ between IBS patients versus HC or true responders versus

non-responders (Table S5).

3.4.2 | Faecal microbiota

PCA of change in faecal microbiota based on the effects of the
gluten-free intervention did not separate IBS patients and HC
(Figure 3A), and no OPLS-DA model could be obtained. However,
for true responders versus non-responders the PCA indicated that
the groups could be separated (Figure 3B). After selection of the
most discriminant X-variables, the OPLS-DA model revealed that
the effects of the gluten-free intervention on change in faecal
microbiota differed in true responders versus non-responders (X-
variables, n = 16). The model had good robustness (R?Y = 0.71) and
good predictive ability (Q? =0.49) to separate true responders and
non-responders (p = 0.003; Figure 3C). The taxonomic data of the
model are presented in Figure S4. PCA of change in faecal micro-
biota based on the effects of the gluten-free intervention showed

no distinct separation between placebo-responders and the other

(B) GFD  GCD
20 IBS patients 1007 TR -e
A)\‘ N o
GCD 7
[72}
(2]
o -50
(2}
]
£ -1004
GCD non-responder 'é’)
| (n=11) S -1504
T )
TR (n=6) -200]
GCD responder 250

(n=9)

-300-

patients (Figure S5), and the OPLS-DA model was poor (R?Y = 0.60;
Q?=0.28; AR?Y Q® >0.3).

3.4.3 | Faecal metabolites

PCA on change in faecal metabolites of IBS patients versus
HC indicated a separation between the groups based on the
effects of the gluten-free intervention (Figure 4A). However,
PCA showed no distinct separation of true responders and
non-responders (Figure 4C). After selection of the most discri-
minant X-variables, OPLS-DA models revealed that the effects
of the gluten-free intervention on change in faecal metabolites
differed between IBS and HC (X-variables, n = 29), as well as
between true responders and non-responders (X-variables,
n = 24; Figure 4B-D). The models had good robustness (IBS
versus HC, R?Y = 0.73; true responders versus non-responders
R?Y = 0.82) and good predictive ability (IBS versus HC,
Q2 = 0.66; true responders versus non-responders Q2 =0.79)
to separate IBS versus HC and true responders versus non-
responders (p <0.001 for both). PCA of change in faecal me-
tabolites based on the effects of the gluten-free intervention
showed no distinct separation between placebo-responders
and the other patients (Figure S5), and no OPLS-DA model
could be obtained.

3.5 | Step 4: Secondary endpoint; prediction of
response to the gluten-free diet in IBS

PCA on faecal microbiota showed no evidence of separation be-
tween true responders and non-responders before the gluten-
free intervention, and the OPLS-DA model had poor robustness
(R%Y = 0.39) and poor predictive ability (Q% =0.12; Figure 5A,B).
However, for faecal metabolites, the PCA indicated that true re-

sponders and non-responders could be separated based on their
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- = °e o and the Q? value represents the predictive
S - A ability of the model; R?Y>0.5 and Q*> 0.4
) :gs_::zggsg::z . Y are considered satisfactory. Permutation
-80- °, - - : G\ggglﬂes =24 P<0.001 tests for (B) and (D) showed no overfitting.
-100 0 100 BT 5 T IBS (n = 20), HC (n = 18), true responders
PCT t1]*1.00 (n = 6) and non-responders (n = 14).

faecal metabolites profile before the gluten-free intervention
(Figure 5C). An OPLS-DA revealed that the faecal metabolites
of true responders and non-responders differed before the in-
tervention, after selection of the 21 most discriminant vari-
ables. The model had a good robustness (R?Y = 0.81) and high

predictive ability (Q* =0.71) (p <0.001) (Figure 5D). PCA on fae-
cal microbiota and metabolites showed no distinct separation
between placebo-responders and the other patients before the
gluten-free intervention (Figure S5), and no OPLS-DA models

could be obtained.
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4 | DISCUSSION

This study indicates that gluten might influence symptoms positively
in a small subset of IBS patients, with a particular effect on bowel
habits. More specifically, although the effect of the gluten-free
versus the gluten-containing diets on overall IBS symptoms did not
differ significantly between the groups, the effect on bowel hab-
its differed between the interventions, with fewer reports of loose
stools during the gluten-free diet. However, the gluten-free diet im-
proved Gl symptoms in a subset of IBS patients, and also had differ-
ent effects on the faecal metabolite profiles of IBS patients and HC.
Moreover, the gluten-free diet had distinct effects on changes of the
faecal microbiota and metabolites profiles in IBS patients who re-
sponded favourably to gluten reduction, and the clinical response to
a gluten-free diet may be predicted by the faecal metabolite profile
before the intervention.

Previous studies assessing the gluten-free diet demonstrated
heterogeneous findings, and there is yet insufficient evidence to
recommend a gluten-free diet in IBS.2 The current study shows that
a beneficial effect of the gluten-free diet was only seen in a sub-
set of IBS patients, which could be an explanation for the previous
heterogeneous findings. Our data show that the true responders
have similar reductions of IBS symptoms to the gluten-free inter-
vention without a placebo response to the gluten-containing in-
tervention, whereas the non-responders constitute a group with
heterogeneous IBS symptom responses to both interventions.
Regarding the effect on bowel habits, a minor difference between

the interventions was observed, with fewer reported loose stools

during the gluten-free intervention. Furthermore, we found that
the majority of the true responders were IBS-D patients, and all
IBS-C patients were non-responders. Hence, it could be hypoth-
esised that a gluten-free diet is more effective in IBS-D, which is
in line with results from a previous open label study.17 Among the
true responders, the effects of the gluten-free diet were not re-
stricted to IBS symptoms and bowel habits, as they also reported
reduced anxiety and depression after the gluten-free, but not after
the gluten-containing intervention. These results are in in line with
arecent large open label study, showing decreased levels of anxiety
and depression after a gluten-free diet in IBS patients.*® However,
the mechanisms by which the gluten-free diet may improve anxiety
and depression remain to be determined.

Gluten is the storage protein of wheat grains, and wheat also con-
tains several other components that could aggravate Gl symptoms,
for example amylase-trypsin inhibitors (ATls), and fructan, which is in-
cluded in the FODMAP concept.3 In this study, the participants were
challenged with vital gluten, which is prepared by a wet milling process.
Due to this process, the starch, including fructan, and the majority of
ATls are washed away.’ During both interventions, the FODMAP
content was stable and similar to the reported FODMAP intake in
IBS.2° The participants were challenged with moderate dosages of
gluten (14 g/day), which was chosen in order to be similar to the actual
gluten intake in the general population (10 g/day) and Swedish IBS pa-
tients (11 g/day),‘s'7 and it was not expected to aggravate Gl symptoms
to an extent that would risk unblinding or reduce compliance.

We hypothesised that reducing Gl symptoms by a gluten-free

diet could be linked to the gut microenvironment in IBS patients.
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However, no changes in p-diversity, that is variation of microbial
abundances between the interventions, were observed in IBS pa-
tients and HC, or non-responders. However, in true responders
the B-diversity was more similar after the gluten-free intervention
compared with gluten-containing intervention. Still, this result
should be interpreted with caution because the difference be-
tween the diets in p-diversity was, although statistical significant,
only minor. Furthermore, within-group comparisons of changes in
faecal microbiota composition showed no differences between the
interventions. An explanation for this could be the duration of the in-
terventions, which were relatively short. Individual microbiota com-
position is known to be stable over time and it may not be expected
to change substantially after an intervention of 2weeks.?!

We have also demonstrated that the gluten-free intervention
influenced faecal microbiota and metabolites differently in true re-
sponders and non-responders. These novel findings suggest that gut
microbiota composition and metabolism are linked to the response
to the gluten-free diet in IBS. In addition, no differences were found
analysing placebo-responders versus the other patients. The differ-
ent effects of the gluten-free diet on faecal metabolites profiles in
IBS and HC, suggest that gut microbial metabolism may react differ-
ently to the gluten-free diet in health and disease.

We investigated if faecal microbiota and metabolite profiles could
predict the response to gluten-free diet in IBS patients. Although true
responders and non-responders could not be separated based on the
faecal microbiota profile, they were separated based on their faecal
metabolites profile before the intervention. Similar results were found
assessing the faecal microbiota profile in IBS, regarding the response
to a low FODMAP diet,?? and recently, a study found that anti-gliadin
immunoglobulin G antibodies may predict the response to the gluten-
free diet.'® Investigating mechanisms that could be involved in predic-
tion of treatments in IBS are of major importance for moving towards
a more individualised treatment approach in IBS. However, these stud-

ies‘18,22

and also the current study, have small sample sizes and larger
studies are needed to validate these findings.

Although the use of serum alkylresorcinols as a biomarker for
a gluten-free diet remains to be validated in larger studies, several
studies have shown its potential.”” The findings in our sample that
serum alkylresorcinols were lower after the gluten-free intervention
compared with the gluten-containing intervention support this, and
indicates good compliance to the interventions, which we consider
as a strength. Another strength of this study is the adequate blinding
of the participants and investigators, and confounding factors were
minimised by using the randomised crossover design,?® and the
strict in- and exclusion criteria. Nocebo and/or placebo responses,
which are common in IBS studies,?® were further minimised due to
our definition of ‘true responders’. This definition takes both inter-
ventions into account, and reduces the risk of patients with placebo
responses in the true responders group. Furthermore, we inves-
tigated HCs as a comparator group, and the interventions did not
induce any change in primary outcomes in this group. Exclusively
validated questionnaires were used, and outcomes were predefined

before initiation of the study.
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Limitations of this study include the small sample size. Therefore,
the results of the secondary outcomes should be interpreted with
caution, also taking into account that the IBS patients were divided
into true responders and non-responders for some analyses. Also
the large proportion of females and the relatively young age of the
cohort could be seen as a limitation of the study. Therefore, our
results are representative of young females, but still warrants gen-
eralisation to an older population. Further, concerning the faecal mi-
crobiota, the GA map Dysbiosis Test!® analyses a pre-identified set
of bacterial taxa, and 16S gut microbiota sequencing might provide
a more detailed understanding of the gut microbiota composition.
Still, our chosen method provides absolute abundance of the deter-
mined bacteria taxa with high confidence and throughput.

In conclusion, our study indicates that a gluten-free diet may affect
IBS symptoms in general, and bowel habits in particular in a subset of
IBS patients. The gluten-free diet has distinct effect on the gut mi-
croenvironment in IBS patients who respond favourably to gluten re-
duction. Moreover, it seems to be possible to predict the response to
the gluten-free diet by analysing the faecal metabolites profile. These
findings suggest that the gut microenvironment may be of importance
in the clinical response to the gluten-free diet in IBS, and future stud-
ies should aim to further assess these factors in relation to clinical re-

sponse to the gluten-free diet.
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