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Background: More than half of patients with irritable bowel syndrome (IBS) report
aggravating their symptoms with certain foods. Currently, Low fermentable
oligo-, di-, and monosaccharides and polyols diet (LFD) is the most accepted
dietary intervention for IBS. Recent randomized controlled trials (RCTs) have
been suggested that gluten restriction may reduce the symptoms of patients with
IBS. However, the results from these studies are conflicting. This study filled this
knowledge gap by evaluating the impact of the gluten-free diet (GFD) on IBS
symptoms.

Methods: A systematic search was carried out in Pubmed/Medline, Cochrane
CENTRAL, Scopus, and Web of Science up to April 2023. A random-effect
model was applied to estimate the standardized mean difference (SMD) and 95%
confidence interval (95% CI) for each outcome.

Results: A total of nine controlled trials were included in the meta-analysis. In
contrast to gluten-containing diet, GFD was unable to reduce overall symptoms
(SMD - 0.31; 95% Cl —0.92, 0.31), bloating (SMD -0.37; 95% CI -1.03, 0.30), and
quality of life (SMD —0.12, 95% Cl —0.64, 0.39); but had a slight trend to reduce
abdominal pain (SMD -0.68; 95% Cl —1.36, —0.00). Also, LFD significantly reduced
the IBS-Severity score system (SMD 0.66, 95% CI 0.31, 1.01) and improved quality
of life (SMD -0.36, 95% CI —0.70, —0.01), compared to GFD.

Conclusion: A GFD is not robust enough to be routinely recommended for IBS
patients, and its efficacy is significantly lower than that of an LFD. Only a certain
subgroup of IBS patients may benefit from GFD; further studies are needed to
target this subgroup.

KEYWORDS

gluten, irritable bowel syndrome, GFD, IBS, meta-analysis

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2023.1273629%EF%BB%BF&domain=pdf&date_stamp=2023-11-01
https://www.frontiersin.org/articles/10.3389/fnut.2023.1273629/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1273629/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1273629/full
https://www.frontiersin.org/articles/10.3389/fnut.2023.1273629/full
https://orcid.org/0000-0003-0557-1278
https://orcid.org/0000-0002-8568-133X
https://orcid.org/0000-0002-9580-2676
https://orcid.org/0000-0001-7675-4405
https://orcid.org/0000-0002-7177-1633
mailto:amirsadeghimd@yahoo.com
mailto:a_hekmat2000@yahoo.com
https://doi.org/10.3389/fnut.2023.1273629
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2023.1273629

Arabpour et al.

1. Introduction

Irritable bowel syndrome (IBS) is a chronic symptom-based
disorder of the gastrointestinal (GI) tract. Patients experience
symptoms of altered bowel habits, with either constipation, diarrhea,
or both, and abdominal pain. Based on pool prevalence analysis, it is
estimated that the worldwide prevalence of IBS is 11.2%; however, this
might vary from 1.1 to 45.0% according to the criteria used and the
country (1). Currently, different first-line therapies, including exercise
and pharmacologic options for managing symptoms, are
recommended (2).

Even though patients benefit from pharmacological therapies,
the results of surveys are indicative of patients’ tendency to dietary
foods

carbohydrates and fat (3), as 63% reported that their symptoms

modifications, more specifically, containing  high
could be triggered by eating certain foods (4). Some studies suggest
that patients with IBS may be intolerant to gluten in the absence of
celiac disease (5), which is termed non-celiac gluten sensitivity
(NCGS). In fact, patients report benefiting from avoiding gluten
from their diet. It is also said that gluten reintroduction might
worsen symptoms (6). The possibility that a subset of patients with
IBS could fall into NCGS indicates the need to investigate the actual
effect of a gluten-free diet (GFD) on the patients (7). Previously, it
was shown that the evidence to recommend a GFD to reduce
symptoms of patients with IBS is insufficient; although a GFD was
associated with a reduced risk of experiencing overall symptoms, but
this reduction was not statistically significant (8). So, the recent IBS
guidelines do not recommend GFD in IBS. However, due to
insufficient data, more trials comparing GFD head-to-head with a
Low fermentable oligo-, di- and monosaccharides and polyols diet
(LFD) are recommended (9).

The previous systematic review and meta-analysis in this field had
some limitations and included merely two randomized controlled
trials (RCTs) evaluating the effect of a GFD. Moreover, the analysis
result of the included studies with GFD was only compared to a
gluten-containing diet (GCD) (8). Since the publication of this study,
there have been additional RCTs evaluating different aspects of gluten
restriction in IBS. This study aims to update the impact of a GFD on
GI symptoms and the quality of life of patients with IBS and compare
its efficacy with an LFD to provide clinicians and dieticians an
evidence-based assessment of diet therapy in IBS.

2. Methods

This study was conducted and reported according to the 2021
updated Preferred Reported Items for Systematic Reviews and Meta-
analysis (PRISMA) statement (10).

2.1. Search strategy

We searched Pubmed/Medline, Cochrane CENTRAL, Scopus,
and Web of Science for studies reporting the efficacy/effectiveness of
GFD in patients with IBS, published up to April 27, 2023. The search
terms were gluten, gluten-free, GFD, irritable bowel syndrome, IBS,
irritable colon, and spastic colon (Supplementary Table SI). No
language restrictions were imposed.
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2.2. Study selection and eligibility criteria

The records found through database searching were merged, and
the duplicates were removed using EndNote X20. Two authors
independently screened the records by title/abstract and full texts to
exclude those unrelated to the study.

All the eligible studies that were included in our analysis according
to the PICOS strategy as follows: (1) Population: patients older than
16 years and with the diagnosis of IBS based on ROME III/IV criteria
and exclusion of the celiac disease; (2) Intervention: elimination or
restriction of gluten in daily diet; (3) Comparators: comparison with
placebo, low-FODMAP diet, regular diet, or any non-gluten restricted
diet(s); (4) Outcome: those which reported mean changes and their
standard deviations (SDs) of GI symptoms including overall
symptoms, abdominal pain, bloating, nausea, tiredness, satisfaction
with stool consistency, and also quality of life, over the length of the
study for both intervention and control groups; and (5) Study design:
having a parallel or cross-over design in an RCT setting. Conference
abstracts, reviews, experimental studies on animal models, and articles
that their full-text or original data were not available were excluded.

2.3. Data extraction

A pre-specified Excel form was used to extract data from the included
studies. Two independent reviewers extracted the following items from
all eligible studies: first author’s name, publication year, country/ies where
the research was conducted, study design, patients’ demographics (age
and sex), IBS diagnostic criteria, celiac exclusion methods, prior diet
before study initiation, treatment protocols, methodology, sample size,
and mean changes and their SDs of all the mentioned outcomes. Data
were inserted into Excel sheets, and any differences or disagreements
were resolved by consensus or a third reviewer.

2.4. Assessment of risk of bias and GRADE
methodology

The methodological quality of included trials was assessed using
the Cochrane risk of bias tool on a domain-based evaluation in this
meta-analysis (11). The overall evidence across the studies was sorted
following the GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) methodology using the GRADEPro
guideline development tool (GDT) (12).

2.5. Data synthesis and statistical analysis

In the GFD and control groups, mean and SD changes were
applied for each variable to acquire the related effect sizes. If no SD
changes were reported, they were calculated by taking into account
the changes in the concentration of each variable during the trial. 95%
confidence intervals (CIs), Interquartile ranges (IQRs), and standard
errors (SEs) were converted to SDs (13). We also used a random-
effects model that took into account variations between studies to get
the overall effect sizes. I* statistic test was applied for heterogeneity
determination. I value>50% was characterized as significant
heterogeneity between studies (14). Subgroup analyses were
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performed to find probable sources of heterogeneity based on the
pre-defined variables such as intervention length (4 > vs. >4 weeks),
gluten dose (elimination vs. restriction), risk of bias (low risk vs. high
risk of bias), and subtype of IBS (constipation, diarrhea, or mixed).
Influence analysis was performed to determine if the overall effect size
depended upon a certain study (15). Publication bias was evaluated
statistically using Egger’s regression test and the funnel plot if more
than five studies were identified (16). The meta-analysis was conducted
using the STATA® version 17.0 (StataCorp, College Station, Lakeway,

TX, United States). p value <0.05 was considered a significant level.

We investigated a total of 1,310 records found in the systematic
search; after removing duplicates and full-text reviews, nine were
chosen. Studies included and excluded through the review process are
summarized in . Among the
included studies, there were six parallel and two cross-over RCTs and
one non-randomized controlled trial. The studies originated from six

countries: Iran (n =4), Sweden (n =2), and Italy, United Kingdom, and

10.3389/fnut.2023.1273629

India (n =1, for each one). The complete information on the included
studies is shown in

3.1. GFD vs. GCD

3.1.1. Overall symptoms

Seven trials evaluated overall symptoms as an outcome measure
(intervention samples= 186/ control samples=182). GFD resulted in a
reduction of overall symptoms (SMD —0.31; 95% CI —0.92, 0.31).
Although this was not statistically significant. Subgroup analysis showed
that overall symptoms significantly subsided after a period of more than
4weeks on GFD (SMD —1.11;95% CI —1.61, —0.61), whereas symptoms
did not subside significantly in those who followed the diet for less than
4weeks (SMD —0.03; 95% CI —0.70, 0.64; )

Influence analysis was done and did not indicate any evidence of
sensitivity ( ).

3.1.2. Abdominal pain
Pooled effect sizes from eight trials (intervention samples =258/
control samples=252) indicated GFD significantly reduced abdominal

—— | -Inappropriate design (n=3)

T

- Records identified through databases (n=2114)

S PubMed/Medline: 407

é Cochrane CENTRAL: 128

:E) Scopus:842

= Web of science:737

Records after removing duplicates (n=1310)

!

g Title and abstract of records

3 Screened b

(n=1310)
Full-text articles assessed

E for eligibility

B (n=18)

; |

— Studies included in
this stage
Hand-searching 9
E (n=0) (n=9)
Z N
Studies included
(n=9)

FIGURE 1
Flowchart of study selection for inclusion trials in the systematic review.

Excluded irrelevant (n=1292)

Excluded irrelevant (n=9)
Reason for exclusion:

-Cross-sectional design(n=2)
-Focused on non-celiac gluten
sensitivity (n=2)

-Without clinical data (n=1)
-Without control arm (n=1)
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TABLE 1 Characteristics of included studies.

Reference = Country Participants Prior diet Intervention @Gluten Methodology Duration IBS Predominant Outcome Celiac
before dose of definition = stool type exclusion
study therapy method
initiation

Shahbazkhani | Iran Double- Adults GFD* Patients received Not Block randomization | 12weeks ROME IIT IBS-D, IBS-C,and | Primary outcome Serology and

(17) blind RCT age> 16 years with packages measured | method, patients and IBS-M was systematic histology

newly diagnosed containing gluten investigators were improvement and
1BS or gluten-free both blinded scored with VAS
powder

Algera (18) Sweden Double- Adult sex- and Regular diet | Patients received 14 g/day Randomization by 2weeks ROME IV IBS-D, IBS-C,and | Primary outcomes Serology

blind cross- | aged-matched IBS gluten (14 g/day) drawing concealed IBS-M changes in IBS-SSS
over RCT patients or rice flour envelops by a nurse and bowel habits.
powder over their not involved in the Secondary outcomes
meals study, did not changes in fecal
mention allocation microbiota and
ratio, double blinded metabolite profile
Hajiani (19) Iran Double- Rome ITI Regular diet | GFD versus Not Manual 12 weeks ROME III Not specified Changes in overall Not
blind RCT diagnosed IBS regular diet for measured | randomization symptoms and mentioned
patients who did 12 weeks (based on odd and bowel habits
not respond to even days) did not
prior treatments mention allocation
ratio, patients and
investigators were
both blinded
Nordin (20) Sweden Three-way Adults with Regular diet = 1week 17.3g/day = Block randomization | 1week Rome IV IBS-D, IBS-C,and | Changes in IBS-SSS Not
cross-over moderate to severe interventions with method, patients and IBS-M and GI symptoms mentioned
RCT IBS (IBS-SSS FODMAPs (50g/ investigators were
score > 175) based day), gluten both blinded
on ROME IV (17.3 g/day), or
criteria placebo, separated
by 1week washout
Paduano (21) Ttaly Non- Adults aged Regular diet LFD, GFD, or Not No randomization, 4weeks Rome IV IBS-D, IBS-C,and | Changes in IBS-SSS, Not
randomized | between 18 and balanced measured no blinding IBS-M quality of life, and mentioned
non-blind 45 years with newly Mediterranean GI symptoms
clinical trial | diagnosed IBS diet evaluated by VAS
(Continued)
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TABLE 1 (Continued)

Reference Country Participants Prior diet Intervention Methodology Duration IBS Predominant Outcome Celiac
before of definition = stool type exclusion
study therapy method
initiation

Rej (22) United Non-blind Adults aged Regular diet | Traditional Not Computer-generated | 4weeks ROME IV Non-constipated Primary outcome Serology

Kingdom RCT 18 years with Rome dietary advice, measured | block-randomization IBS response to dietary

IV IBS-D, or LFD, or GFD for in 1:1:1 allocation intervention (>50

IBS-M, and IBS- 4 weeks ratio, no blinding reductions in IBS-

SSS>75 SSS), secondary
outcomes included
changes in individual
IBS-SSS items within
clinical responders,
acceptability and
food-related quality
of life with dietary
therapy, changes in
nutritional intake,
and alterations in
stool dysbiosis index

Saadati (23) Iran Single-blind | Adults aged 18- GFD+ LFD GFD+LFD vs. 8,16,and = Randomization 6weeks (and | ROME IV IBS-D, IBS-C,and | Changes in quality Serology and

RCT 80 years with IBS restricted 32g/day method unclear, did 2 weeks) IBS-M of life and GI histology
based on ROME IV gluten(8,16, and not mention symptoms evaluated
criteria 32g/day) vs. allocation ratio, by VAS
unrestricted diet patients were blinded
(normal diet) to the treatment
Zanwar (24) India Double- Patients aged GFD* Gluten group Not Computer-generated | 4 weeks ROME III Not specified Changes in overall Serology and
blind RCT >16 years, with consumed two measured | randomization, did symptoms and histology
symptoms of IBS as slices of bread not mention individual GI
per the Rome IIT containing gluten, allocation ratio, symptom by VAS
criteria placebo group patients and
consumed two investigators were
slices of gluten- both blinded
free bread
Mobhseni (25) Iran Double- Adults aged Regular diet = Intervention 5g/day Randomization 6weeks ROME IV IBS-D, IBS-C,and | The primary Not
blind RCT between 18 and group received an method unclear, did IBS-M outcome was a mentioned
65 years with IBS LFD with 5g/day not mention allocation significant reduction
based on ROME IV rice flour, Control ratio, patients and of the IBS-SSS.
criteria group received 5g/ investigators were Secondary endpoints
day gluten powder both blinded were changes in IBS

symptoms and
quality of life

GFD, Gluten free diet; GI, Gastrointestinal; IBS-C, D, or M, IBS-constipation, diarrhea, or mixed; IBS-SSS, IBS-severity score system; LFD, Low FODMAP; and VAS, Visual analog scale. *Patients who responded to this initial diet were included in the study.
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TABLE 2 Subgroup analysis of GFD vs. GCD effect on gastrointestinal symptoms.

Number of
studies

Outcome and
subgroups

SMD (95% Cl)

Heterogeneity

p heterogeneity I?

p between

Abdominal pain

Overall effect 8 —0.68 (—1.36, —0.00) <0.001 92.1%
Trial duration

Up to 4 weeks 4 —1.17 (-2.57,0.23) <0.001 95.4%

More than 4 weeks 4 —0.20 (—0.77, 0.36) 0.003 78.8% 0210
Risk of bias

Low risk of bias 5 —0.40 (—0.71, —0.09) 0.234 28.2%

High risk of bias 3 —1.13(=3.01,0.75) <0.001 97.6% 0450
Overall symptoms
Overall effect 7 —0.31 (—0.92,0.31) <0.001 87.8%
Trial duration

Up to 4 weeks 5 —0.03 (—0.70, 0.64) <0.001 87.4%

More than 4weeks 2 —1.11 (=161, —0.61) 0.403 0.0% oot
Bloating
Overall effect 6 —0.37 (—1.03, 0.30) <0.001 87.3%
Trial duration

Up to 4 weeks 3 0.12 (—0.26, 0.50) 0.228 32.3%

More than 4 weeks 3 —0.88 (—2.31,0.54) <0.001 93.0% o182

pain compared to GCD (SMD -0.68; 95% CI —1.36, —0.00), while
subgroup analysis showed no significant improvement of abdominal
pain, regardless of the length of the trial. Also, subgroup analysis
showed a significant reduction of abdominal pain in low risk of bias
studies (SMD —0.40, 95% CI —0.71, —0.09), while no significant effect
for high risk of bias studies (SMD —1.13; 95% CI —3.01, 0.75; Table 2;
Figure 2).

Influence analysis indicated that the outcomes lack statistical
significance when the exclusion of the five trials is taken into account
(Supplementary Table S4).

3.1.3. Bloating

Asindicated in Figure 2, pooled data from six studies (intervention
samples = 158/control samples = 152) showed no significant reduction
of bloating with GFD compared to GCD (SMD —0.37; 95% CI —1.03,
0.30). Additionally, subgroup analyzes showed that neither gluten
restriction for less than 4 weeks nor for more than 4 weeks reduced
bloating (Table 2).

Influence analysis was done and did reveal any evidence of
sensitivity (Supplementary Table S5).

3.1.4. Quality of life

Two controlled trials evaluated quality of life as an outcome
measure (intervention samples=63/control samples=67). The
pooled data suggested GFD is unable to improve the quality of life of
the patients with IBS (SMD —0.12, 95% CI —0.64, 0.39; Figure 2).

3.1.5. Daily life interference

Pooled data from three RCTs (intervention samples = 76/control
samples=79) showed no significant reduction of bloating with GFD
compared to GCD (SMD —0.55; 95% CI —1.78, 0.67; Figure 2).

Frontiers in Nutrition

06

3.2. GFD vs. LFD

3.2.1. Total IBS-SSS

As indicated in Figure 3, pooled data from two trials (intervention
samples = 63/control samples =67) showed LFD significantly reduced
IBS-SSS, compared to GFD (SMD 0.66, 95% CI 0.31, 1.01).

3.2.2. Quality of life

Two studies evaluated quality of life as an outcome measure
(intervention samples=63/control samples=67). The pooled data
suggested LFD significantly improves the quality of life of the patients
with IBS, compared to GFD (SMD —0.36, 95% CI —0.70, —0.01; Figure 3).

3.3. Publication bias

We used Egger’s regression test and funnel plots to assess the
possibility of publication bias if more than five studies were identified.
There was a significant publication bias for abdominal pain (p =0.035).
However, no evidence of publication bias was observed for reports
evaluating the influences of GFD on overall symptoms (p =0.151), and
bloating (p =0.054). The funnel plots also proved these findings
(Supplementary Figure S1).

3.4. Risk of bias and GRADE

According to the Cochrane quality assessment tool, six studies
had a low risk of bias, while three studies had a high risk of bias
(Supplementary Table S6). An assessment of the quality of evidence
using the GRADE criteria is presented in Tables 3, 4. The overall
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GFD vs GCD: Overall symptoms GFD vs GCD: Bloating
% %
Author (year) SMD (95% Cl) Weight Author (year) SMD (95% Cl) Weight
Algera (2022) - 1 -033(:095,030) 1408 Algera (2022) — 0.19 (-0.81, 0.44) 16.59
Nordin (2022) ! —_— 0.78 (0.30, 1.27) 14.92 '
: Rej (2022) —— 0.46 (-0.03, 0.95) 1756
Paduano (2019) f—— 0.3 (-0.19, 0.85) 1474 :
' Mohseni (2022) —_— 1,85 (-2.63,-1.18) 16.16
Rej (2022) —t— 0.22(0.26,0.70) 1494 .
! [ I X
Mohsen (2022) a2 06 141 Shahbazkhani (2015) 1 0.29(0.17,0.75) 1772
Saadati (2022) _ -0.82 (-1.66, 0.01) 12.65 Paduano (2019) -— 0.00 (-0.52, 0.52) 17.38
Zanwar (2016) _—— 421(177,066) 1454 Saadati (2022) —_— 145 (-2.02, -0.28) 14.58
Overall, DL (1 = £7.8%, p = 0.000) <:> 031(092,031) 10000 Overall, DL (I = 87.3%, p = 0.000) <:> 037 (-1.03, 0.30) 100.00
T T T T
2 0 2 2 0 2
NOTE: Weights are from random-effects model NOTE: Weights are from random effects model
GFD vs GCD: Abdominal pain
B GFD vs GCD: Quality of life
Author (year) SMD (95% CI) Weight %
Author (year) SMD (95% C) Weight
Algera (2022) —] -052 (-1.15,0.11) 1242
Hajlan (2019) T 008(0:20.0.36) 1346 Paduano (2019) _— -0.39(:0.89,0.10) 4042
Mohseni (2022) —— 058 (-1.15,-0.01) 12,65 i
Rej (2022) _ . 0.14(:0.35,0.62) 5058
Paduano (2019) —— 0.00 (-0.52,0.52) 1288 . L
Overall, DL (I = 55.3%, p = 0.135) <> 012 (-0.64, 0.39) 100.00
Rej (2022) . -025(-0.73,023) 1299
Saadati (2022) — 1,08 (-1.94,-0.22) 11.38 M i 1
Shahbazkhani (2015) [ 0.49 (0.02, 0.96) 13.04 NOTE: Weights are from random-model effects
Zanwiar (2016) —_— -4.09 (-4.98, -3.19) 11.18
Overall, DL (I = 92.1%, p = 0.000) <> 068 (-1.36,-0.00)  100.00
T T
-5 o 5
NOTE: Weights are from random-effects model
GFD vs GCD: Daily life interference
%
Author (year) SMD (95% CI) Weight
Algera (2022) — 0.33(-0.96,0.29) 33.08
Rej (2022) o ll— 0.39(-0.10, 0.87) 34.22
Mohseni (2022) —_— -1.76 (-2.43, -1.10) 3270
Overal, DL (= 92.4%, p= 0.000) _ T 055 (-178,067) 10000
T T
2 o 2
NOTE: Weights are from random-effects model
FIGURE 2
Forest plots of GFD vs. GCD.

quality of the evidence was “very low” for GFD vs. GCD and “low” for
GFD vs. LED, as there were serious or very serious limitations in the
terms of risk of bias, inconsistency, imprecision, and publication bias.

4. Discussion

In this study, we aimed to compare the efficacy of GFD to GCD
and LFD in IBS. As shown, compared to GCD, GFD was unable to
reduce overall symptoms, bloating, and quality of life, but it had a slight
trend to reduce abdominal pain. However, it seems even this reduction
in abdominal pain is also not much reliable, as the sensitivity analysis
showed the results are strongly influenced by some trials. On the other
hand, compared to GFD, LFD significantly improved patients’
symptoms and quality of life. These results suggest that, unlike an LFD,
a GFD cannot be a routine recommendation for IBS patients.

Gluten-related GI disorders can be categorized as wheat allergy,
celiac disease, or NCGS. NCGS is characterized by the distress
following gluten consumption in the absence of celiac disease and
IgE-mediated allergy (26). This condition is known to be an
independent clinical condition and is associated with IBS (27). Notably,
most individuals seeking medical options for gluten-induced GI
symptoms are found to have no association with celiac disease or wheat
allergy (28). As Kaukinen et al. reported, among 94 adults with
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abdominal symptoms following cereal ingestion, 9% were diagnosed
with celiac disease, 8% with latent celiac, and 20% with cereal allergy.
Thus, 63% of patients could not be in either the celiac or allergic group;
however, they were affected by gluten foods and clinically benefitted
from a GFD (29). Given the relatively high prevalence of anti-gliadin
antibodies among patients with IBS, a suggested hypothesis was to
introduce a subgroup of IBS who experience symptoms most likely
manifested by anti-gliadin antibody production. These patients will
experience symptom relief with gluten restriction (28, 30).
Importantly, it is shown that gut microbiota is under the influence
of GFD, and fecal metabolites of microbiota could be a predictor of
participants’ response to GFD (18). In line with these findings, a
study by Dieterich et al. showed that Bacteroidetes numbers had a
significant increase in patients on a GFD for 2 weeks in comparison
with patients on an LFD. The microbial diversity and imbalance in
NCGS can be a potential etiology of the patients’ symptoms (31). In
fact, the gut microbiota is in dynamic interaction with the immune
system, and a balanced microbiota enhances immune responses (32).
A strong body of evidence demonstrated the role of inflammation
and gluten-triggered immune reactions in GI symptoms of patients
with IBS (31, 33). Low-grade inflammation is reported in biopsies
from colonic mucosa of more than half of the patients with IBS,
which is indicative of food hypersensitivity (34). The increased mast
cells as well as increased expression of toll-like receptors (TLRs) in
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GFD vs LFD: Total IBS-SSS
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FIGURE 3
Forest plots of GFD vs. LFD.
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GI mucosa of NCGS patients, are evidences of immune system
involvement (35). Furthermore, anti-gliadin immunoglobulin G
(IgG) antibodies, which are reported to be predictors of response to
GFD (30), are found in more than half of the NCGS patients, thus
further supports the suggestion of an immune-mediated mechanism
being involved (36). Limited gluten consumption through directly
alleviating the pro-inflammatory state, as well as modulating the gut
microbiota to further interact with the immune system could result
in patients benefiting from GFD (24).

There is an extensive debate about the possible mechanisms by
which GFD might impact IBS symptoms. It is suggested that
symptoms of IBS patients are more likely to be induced by fructan
rather than gluten (25, 37), and barley and wheat exacerbate the
patients’ symptoms mainly due to their fructan content, while gluten
might be responsible for symptoms of a few percent of subjects (25).
As an RCT by Skodje et al. (37) showed, a gluten challenge resulted in
no significant difference compared to placebo and fructan in patients’
symptoms, and a small daily amount of fructan, as fructan challenge,
increased GI symptoms of participants. The results can be explained
by the fact that many foods containing gluten, which is restricted in
GFD, also contain fructan (38). However, the result of a food diary
study by Algera and colleagues was not in agreement with these
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findings, as they found no association between fructan intake and the
severity of GI symptoms in patients with IBS (39).

Interestingly, it is reported that patients with IBS who experienced
more severe symptoms consumed less gluten and calories (39), but
caution must be taken in drawing conclusions. Patients might avoid
foods containing gluten and, as a result, consume fewer calories. Given
that patients with IBS show more tendency to cut calorie intake,
dietary counseling is also important in these individuals, especially
regarding nutritional inadequacies (40).

To further assess the concept of IBS and NCGS overlap, we aimed
to examine the hypothesis that subjects with IBS experience GI
symptoms in a dose-dependent way. However, due to the heterogeneity
of studies, we could not perform a dose-response analysis regarding
the amount of dietary gluten and its potential association with patients’
symptoms. Nevertheless, current evidence supports no significant dose
influence of gluten on IBS subjects. The studies by Saadati et al. (23)
and Biesiekierski et al. (41) have evaluated gluten restriction. The
authors of both trials did not find a dose-dependent pattern of the
effects of gluten challenge on the symptoms of subjects with IBS. Even
though, currently, no solid evidence has been provided to explain the
possible mechanism, we believe that this might be explained through
the fact that IBS is a large heterogeneous group consisting of individuals
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TABLE 3 GRADE profile of GFD vs. GCD.

Outcome

Number

of
studies

Inconsistency

Indirectness

Imprecision

Other considerations

Number
of GFD/
GCD

Certainty

Importance

Overall 7 Randomized | Serious' | Very serious® Not serious Serious? All plausible residual confounding would 186/182 DOOQ Very | Critical
symptoms reduce the demonstrated effect low
Abdominal 8 Randomized = Serious® | Very serious” Not serious Serious* Publication bias/ all plausible residual 258/252 BOOQ Very | Critical
pain confounding would reduce the demonstrated low
effect
Bloating 6 Randomized | Serious® | Very serious® Not serious Serious? All plausible residual confounding would 158/152 BOOQ Very | Critical
reduce the demonstrated effect low
Quality of life 2 Randomized | Not Serious* Not serious Serious? Publication bias is strongly suspected/ all 63/67 BOOQ Very | Critical
serious plausible residual confounding would reduce low
the demonstrated effect
Daily life 2 Randomized | Not Very serious® Not serious Serious? Publication bias is strongly suspected/all 76179 BOOQ Very | Critical
interference serious plausible residual confounding would reduce low
the demonstrated effect

*High risk of bias due to the random generation sequencing, selective reporting, incomplete outcome data, and other sources of bias. "There is high heterogeneity for overall symptoms (I* =87.8%), abdominal pain (I* =92.1%), bloating (I* =87.3%), and daily life
interference (I” =92.4%). “There is moderate heterogeneity for quality of life (I =55.3%). ‘95% CI including 0, the effect estimate comes from a few number of studies.

TABLE 4 GRADE profile of GFD versus LFD.

Outcome

IBS-SSS

Number
of studies

Study
design

Randomized

Risk of
bias

Not Not serious

serious

Inconsistency

Indirectness

Not serious

Other
considerations

Imprecision

Serious® Publication bias is
strongly suspected/all
plausible residual

confounding would

effect

reduce the demonstrated

Number
of GFD/
LFD

63/67

Certainty

SOOO Low

Importance

Critical

Quality of life

Randomized

Not Not serious

serious

Not serious

Serious® Publication bias is
strongly suspected/all
plausible residual

confounding would

effect

reduce the demonstrated

63/67

SBOO Low

Critical

“The effect estimate comes from a few number of studies.
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with possibly different etiologies which impose them to IBS symptoms.
Thus, it would be rational to consider a subgroup as gluten-sensitive
that might be responsive to gluten restriction (28).

Even though GFD might show limited improvement in particular
symptoms of patients, it is noteworthy that in many regions, gluten-free
products might not be widely available or financially affordable, which
makes this dietary change seem to be inconvenient for some patients,
thus might reduce patients’ adherence to the GFD. As in some included
trials, an innegligible number of patients left the study as they were
unable to cope with the dietary restrictions. A non-blinded RCT
compared the impact of three types of diet, including the traditional
dietary advice, GFD, and LFD, on subjects with non-constipation
IBS. The results showed traditional dietary advice to have similar efficacy
with LED and GFD in non-constipated subjects with IBS. Given its
accessibility and cost, the traditional diet is recommended as the first
choice for this category of IBS patients. Furthermore, GFD and LFD were
more expensive and more time-consuming to be prepared for subjects
compared to the traditional dietary advice, thus had less acceptability,
and the proportion of individuals who considered continuing a GFD was
reported to be less than individuals who accepted LFD and these two
diets were both less acceptable than traditional dietary advice (22).
However, subjects’ adherence to GFD in another study was found to
be high as the one-year follow-up showed all responders and 55% of

10.3389/fnut.2023.1273629

non-responders were continuing GFD. Therefore, it can be assumed that
patients’ diet adherence depends on the accessibility to GFD, which
makes different studies report different rates (42).

Another controversy about GFD is the time required to see its
effectiveness on IBS symptoms. In suspected cases of NCGS, the
Salerno criteria recommends 6 weeks of GFD (43), but there is no
agreement on the IBS settings. In our included studies, the length of
the trials was 1-12 weeks. Considering the number of the studies and
their length of intervention, studies were divided into two subgroups
of less than 4 weeks and more than 4 weeks. Although the pooled data
from eight studies showed a trend of reduction of abdominal pain,
but this significance was lost for both subgroups, without between
subgroup heterogeneity (p =0.210).

On the other hand, while pooled data from seven studies showed
no effect for GFD on overall symptoms, subgroup analysis revealed a
significant effect for more than 4weeks of intervention and a
significant between subgroup heterogeneity (p =0.011). Thus, it seems
the length of intervention has a crucial role in the effectiveness of
GFD. However, the presence of only two studies in this subgroup
makes it difficult to draw a firm conclusion. The data are generally
controversial, but at least 4 weeks of GFD may be needed to evaluate
its impact on IBS symptoms. The suggested algorithm for
consideration of GFD for IBS is illustrated in Figure 4.

Consider GFD Yes

A

Restrict for at

least 4 weeks

Benefit

Continue
GFD

No benefit

Alternative treatment

FIGURE 4
Suggested algorithm for consideration of GFD for IBS.

A 4

Frontiers in Nutrition

10

frontiersin.org


https://doi.org/10.3389/fnut.2023.1273629
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Arabpour et al.

The present meta-analysis appears to contain several strengths
and limitations. This study, to the best of our knowledge, is the
first systematic review and meta-analysis evaluates the effect of
GFD on the spectrum of GI symptoms of IBS and compares it
with the LFD. The number of eligible studies has also extended
remarkably since the topic was last evaluated. Finally, based on
the GRADE guidelines, we rigorously evaluated the certainty of
evidence across the studies. However, some limitations of this
study should be taken into consideration. The relatively small
number of trials in some effect sizes diminishes the robustness of
the results. This applies more clearly in studies compared GFD
with LFD, as there were just two studies in this group. The analysis
revealed a high statistical heterogeneity. This may be due to the
diversity of methodologies (different designs), differences in
intervention type (GFD, GCD, LFD, TDA, and other types of diet)
or intervention length (1 to 12 weeks), diagnostic criteria (ROME
IIT or IV), and IBS subtype (constipation, diarrhea, or mixed).
Moreover, almost half of the eligible studies were from Iran,
limiting the study to reflect diverse global populations and
generalizing the results. Also, as with any meta-analysis,
limitations associated with potential publication bias should
be regarded. Finally, due to insufficient or lack of data, this study
was unable to evaluate the efficacy of GFD based on age, sex, or
predominant stool type subgroups; determine the precise
predictors of response to GFD; and compare the impact of GFD
alone with its combination with the other diets. More studies are
needed to fill this gap.

5. Conclusion

This is the first meta-analysis to assess the effects of GFD on IBS
symptoms to this extent. The findings showed that a GFD is not robust
enough to be a routine recommendation for IBS patients. Furthermore,
GFD efficacy is significantly lower than that of an LFD. This diet might
be beneficial for just a specific subgroup of IBS patients; further
studies are needed to target this subgroup.
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