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Abstract
Background and Aim: Symptoms of small intestinal bacterial overgrowth (SIBO) and
celiac disease (CeD) often overlap, and studies suggest a link between SIBO and CeD.
We thus conducted a systematic review and meta-analysis to compare SIBO prevalence
in CeD patients and controls and assessed effects of antimicrobial therapy on gastrointesti-
nal symptoms in SIBO positive CeD patients.
Methods: Electronic databases were searched until February 2022 for studies reporting
SIBO prevalence in CeD. Prevalence rates, odds ratio (OR), and 95% confidence intervals
(CI) of SIBO in CeD and controls were calculated.
Results: We included 14 studies, with 742 CeD patients and 178 controls. The pooled
prevalence of SIBO in CeD was 18.3% (95% CI: 11.4–28.1), with substantial heterogene-
ity. Including case–control studies with healthy controls, SIBO prevalence in CeD patients
was significantly increased (OR 5.1, 95% CI: 2.1–12.4, P = 0.0001), with minimal
heterogeneity. Utilizing breath tests, SIBO prevalence in CeD patients was 20.8% (95%
CI: 11.9–33.7), almost two-fold higher compared with culture-based methods at 12.6%
(95% CI: 5.1–28.0), with substantial heterogeneity in both analyses. SIBO prevalence in
CeD patients nonresponsive to a gluten free diet (GFD) was not statistically higher as
compared with those responsive to GFD (OR 1.5, 95% CI: 0.4–5.0, P = 0.511). Antibiotic
therapy of SIBO positive CeD patients resulted in improvement in gastrointestinal
symptoms in 95.6% (95% CI: 78.0–99.9) and normalization of breath tests.
Conclusions: This study suggests a link between SIBO and CeD. While SIBO could
explain nonresponse to a GFD in CeD, SIBO prevalence is not statistically higher in
CeD patients non-responsive to GFD. The overall quality of the evidence is low, mainly
due to substantial “clinical heterogeneity” and the limited sensitivity/specificity of the
available diagnostic tests.
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Introduction

Celiac disease is an immune-mediated enteropathy that is triggered
by the ingestion of gluten in genetically susceptible individuals.
Clinically celiac disease manifests with symptoms of malabsorp-
tion, including diarrhea, abdominal pain, abdominal distention,
and weight loss. A gluten free diet (GFD) is the only effective
treatment currently available.1 However, 7–30% of the patients
continue to have symptoms of malabsorption despite adherence
to the GFD and require further evaluation.2,3

Nonresponsive (unresponsive) celiac disease can be described
as failure to respond to a GFD, or the recurrence of gastrointestinal
symptoms despite adherence to a GFD in a patient who
responded initially to GFD.2 The most common causes of
unresponsiveness or nonresponsive to GFD is continued gluten
exposure, either deliberately or by accidental ingestion.
Coexistence of other conditions, such as small intestinal bacterial
overgrowth (SIBO), pancreatic insufficiency, giardiasis, lympho-
cytic colitis, ulcerative jejunitis, and refractory celiac disease,
may also be involved.4

Gastrointestinal symptoms such as bloating, distension,
flatulence, abdominal discomfort, diarrhea, and weight loss are
frequently associated with SIBO5 and may cause structural
changes such as atrophy of small intestinal villi6 with subsequent
alterations of small intestinal absorption. SIBO overlaps with other
gastrointestinal disorders, often making it unclear if it is the cause,
consequence, or an epiphenomenon in relation to the other
disorder.7,8 The presence of ≥ 105 colony forming units per
milliliter (CFU/mL) of colonic-type bacteria in culture of jejunal
aspirate has traditionally been considered the “gold standard” for
establishing diagnosis of SIBO.9 However, this technique is
invasive, prone to cross contamination from oropharyngeal and
luminal microbes, and there is controversy regarding the best cut
off values for SIBO diagnosis10; hence, it is rarely used in routine
clinical settings. These limitations have led to the development of
breath tests, which when compared with the “gold standard,” have
sub-optimal sensitivity and specificity for SIBO diagnosis.
Furthermore, breath tests have several methodological problems
including use of different substrates and doses of substrates, length
of the test, sampling intervals, and definition of a normal and ab-
normal breath test, which may question their validity as diagnostic
tests in clinical practice.11 Thus, one of the main limitations in
diagnosing SIBO is the lack of sensitive and specific diagnostic
tests.12

Several studies have reported an increased prevalence of SIBO
in celiac disease, even considering SIBO as a potential cause for
poor response to GFD4,13–15; however, the results are conflicting.
Furthermore, studies have shown that antibiotic treatment of SIBO
in patients with poorly responsive celiac disease is successful in
improving symptoms.8,14,15 We thus performed a systematic
review and meta-analysis to determine and compare (i) the
prevalence of SIBO (including methane positive SIBO) in control
subjects and in patients with celiac disease, and specifically in
patients with celiac disease who are nonresponsive to GFD;
(ii) explore the link between diagnostic modality and variations
in SIBO prevalence across different geographic regions; (ii) assess
the risk factors for SIBO in patients with celiac disease and; (iv)
assess the effect of antibiotic treatment on symptom improvement
in SIBO positive patients with celiac disease.

Methods

Protocol and registration. This systematic review and
meta-analysis meets the preferred reporting items for systematic
reviews and meta-analysis statement requirements (PRISMA).16,17

The protocol for this systematic review was prospectively
registered with PROSPERO (CRD42021274197).

Search strategy. Electronic databases, including PUBMED,
MEDLINE (OvidSP) and EMBASE, were searched from initiation
(1966) up to February 2022 for all studies assessing prevalence of
SIBO in patients with celiac disease. The detailed literature search
strategy is outlined in the PRISMA flow diagram (Fig. 1) and was
conducted with the expert assistance of our librarian. The search
strategy for MEDLINE has been outlined in Figure S1. For further
details, see the supporting information.

Selection of studies. Two authors (P. T. and T. H.) indepen-
dently conducted an initial screen of abstracts and titles. Abstracts
were eliminated if the study did not investigate the association
between SIBO and celiac disease or celiac sprue or
gluten-sensitive enteropathy. Full texts of the remaining articles
were retrieved and reviewed. Eligibility criteria for study inclusion
are provided in Table 1. The studies that were excluded are
outlined in Table S1. For further details, see the supporting
information.

Data extraction and quality assessment. All data
were extracted independently by two authors into a Microsoft
Excel spreadsheet (2010 Professional edition; Microsoft Corp,
Redmond, Washington, USA). The variables extracted are detailed
in the supporting information. The quality of the prevalence
studies included was assessed by using the Joanna Briggs
Institute (JBI) critical appraisal tools.18 In addition, the quality of
the case–control included studies were assessed using the
Newcastle-Ottawa scale (NOS)19; details are outlined in the
supporting information.

Data analysis. In an initial step, case numbers of patients with
celiac disease and controls (using various diagnostic modalities) in
the respective cohorts were determined. We calculated pooled
prevalence rates and 95% confidence intervals (CI) for SIBO in
celiac disease. In a second step, the pooled odds ratio (OR) and
95% CI for the prevalence of SIBO in patients with celiac disease
and their respective controls were calculated. Subgroup analysis
stratified by diagnostic modalities, geographic prevalence,
response to GFD, effect of PPI, and methane positive SIBO in
patients with celiac disease was also performed. Lastly, we com-
pared the proportion of patients responding to antibiotic therapy
regarding normalization of breath tests and assessed the symptom
response after antibiotic treatment in SIBO positive celiac disease
patients and controls.
Analyses for the association between SIBO and celiac disease

were carried out utilizing Comprehensive Meta-analysis Software
(CMS) Version 3.3.070. NJ, USA, and further details are outlined
in the supporting information.
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Results

Selection outcome. The literature search (outlined in
Fig. 1) revealed 14 studies eligible for inclusion in this systematic
review and meta-analysis. Of the 14 studies retained, five were
case–control studies,15,20–23 and the remaining nine were cohort
studies.3,4,13,14,24–28 The characteristics of all the studies included

in this meta-analysis including the methodology pertaining to
diagnosis of SIBO and patient characteristics are outlined in
Table 2 and Tables S2 and S3.

Prevalence of small intestinal bacterial over-
growth in celiac disease. In total, the 14 studies reported
the prevalence of SIBO in 742 adults with celiac disease. Overall,

Figure 1 PRISMA flow diagram.

Table 1 Eligibility criteria for the studies included in systematic review and meta-analysis

Eligibility criteria
• Cohort and case–control studies, published as full papers in peer reviewed journals.
• Adults and children with a presumed diagnosis of celiac disease based on meeting specific diagnostic criteria†

• Non celiac control group, referred to as ‘controls’ included ‘healthy asymptomatic controls’ as well as ‘patient controls’ including subjects
undergoing evaluation for unexplained gastrointestinal symptoms (e.g. suspected SIBO)

• Studies reporting on efficacy data after antibiotic treatment of SIBO positive patients with celiac disease were also included.
• Clinically validated methods to diagnose SIBO‡

• Participants not specially selected.

†American College of Gastroenterology (ACG) Clinical Guidelines: Diagnosis and Management of Celiac Disease.2 European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) New Guidelines for the Diagnosis of Pediatric Coeliac Disease (2020).38
‡Lactulose breath test, glucose breath test, or small bowel aspirate and culture (or any combination of these).
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112/742 (pooled prevalence 18.3%, 95% CI 11.4–28.1,
P = 0.0001) patients with celiac disease also tested positive for
SIBO (Fig. 2 and Figure S2). However, there was substantial het-
erogeneity in the overall analysis (I2 = 82.6, P = 0.0001) and visual
inspection of the funnel plot revealed overall asymmetry, suggest-
ing the potential for publication bias (Fig. S3). This is consistent
with the results of Egger’s test.

Influence of selection criteria for controls, and risk
of bias on the small intestinal bacterial overgrowth
prevalence in patients with celiac disease and
controls

Healthy controls. Four out of five studies15,20–22 included
healthy controls (161 patients with celiac disease and 178 controls)
while one study23 included 51 patients with celiac disease and 125

control patients with nonspecific gastrointestinal symptoms. The
pooled OR for SIBO in patients with celiac disease as compared
with controls was 3.2, 95% CI 0.8–12.0, P = 0.087 (Fig. S4),
but there was also substantial heterogeneity in the analysis
(I2 = 77.9, P = 0.001). Including the four case–control studies with
healthy controls, SIBO prevalence in patients with celiac disease
was approximately 5-fold higher at 28.6% (95% CI 21.7–36.2)
compared with 6.2% in healthy controls (95% CI 3.1–10.8,
Table S4). Importantly, the pooled OR for SIBO in patients with
celiac disease as compared with healthy controls was 5.1 (95%
CI 2.1–12.4, P = 0.0001, Fig. 3) and with minimal heterogeneity
in this analysis (I2 = 18.7, P = 0.297).

High-quality studies with low risk of bias. The qual-
ity of the included studies based on the NOS and the JBI critical
appraisal is shown in Table S5 and S6. The majority (3/5, 60%)

Figure 2 Forest plot of studies showing prevalence of SIBO in patients with celiac disease, stratified according to mode of diagnosis of SIBO (18.3%,
95% CI 11.4–28.1, P = 0.0001, I2 = 82.6, P = 0.0001).

Figure 3 Forest plot of studies showing prevalence of SIBO in patients with celiac disease and heathy controls, stratified according to mode of
diagnosis of SIBO (OR = 5.1, 95% CI 2.1–12.4, P = 0.0001, I2 = 18.7, P = 0.297).
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of the case–control studies were of high-quality, defined as a score
of ≥ 6 using the NOS. Utilizing the JBI critical appraisal tool 2/5
case–control studies presented a low risk of bias, 1 presented a
moderate risk, and 2 presented a high risk. Similarly, out of nine
cohort studies, two presented with either low or moderate risk,
and five presented with high risk of bias. When only the
high-quality studies were examined (n = 7), the SIBO prevalence
in patients with celiac disease remained unchanged (18.7%, 95%
CI 10.2–31.9, P < 0.0001, Fig. S5) and with substantial heteroge-
neity in the analysis (I2 = 84.9, P = 0.0001).

Prevalence of small intestinal bacterial over-
growth in patients with celiac disease unrespon-
sive to a gluten free diet as compared with those
responsive to gluten free diet. Nine studies assessed
the prevalence of SIBO in patients with celiac disease who had
persistent symptoms and were nonresponsive to GFD, Table S9.
The pooled prevalence of SIBO in patients with nonresponsive ce-
liac disease while on a GFD was 17.1% (95% CI 9.5–28.7,
P = 0.0001), with substantial heterogeneity in the analysis
(I2 = 79.2, P = 0.0001), Figure S6. Three studies13,23,28 reported
on SIBO prevalence in patients with celiac disease, stratified ac-
cording to their response to GFD. The odds of SIBO in patients
with celiac disease nonresponsive to GFD was not significantly
higher as compared with patients with celiac disease and respon-
sive to GFD (1.5, 95% CI 0.4–5.0, P = 0.511, Fig. S7). There
was moderate heterogeneity in the analysis (I2 = 37.5, P = 0.201).

Comparison of prevalence of small intestinal
bacterial overgrowth in celiac disease diagnosed
with breath-tests versus small bowel aspirate and
culture. Overall, four studies utilized small bowel aspirate and
culture and 10 studies utilized breath test [five utilized lactulose
breath test (LBT), four utilized glucose breath test (GBT), and
one utilized LBT or GBT (unspecified) for SIBO diagnosis],
Table 2.
Utilizing breath tests, the prevalence of SIBO in patients with

celiac disease was 20.8% (95% CI 11.9–33.7, P = 0.0001);
however, there was substantial heterogeneity in this analysis
(I2 = 84.0, P = 0.0001). Visual inspection of the funnel plot re-
vealed overall asymmetry, suggesting the potential for publication
bias, consistent with the results of Egger’s test. There was no
significant difference in SIBO prevalence in patients with celiac
disease utilizing LBT (22.1%, 95% CI 13.1–46.3, P = 0.022) as
compared with GBT (26.5%, 95% CI 13.1–46.3, 0.022,
Fig. S2), but there was substantial heterogeneity among the studies
using either GBT (I2 = 78.8, P = 0.003) or LBT (I2 = 85.6,
P = 0.0001). Importantly, the studies using jejunal aspirate and
culture with a diagnostic threshold of ≥105 CFU/ml of bacteria
determined that SIBO prevalence in patients with celiac disease
was significantly lower at 12.6% (95%CI 5.1–28.0, P = 0.0001)
compared with SIBO diagnosis by breath test, and substantial het-
erogeneity was also apparent for the studies using this approach
(I2 = 71.9 P = 0.013). Out of the 4 case–control studies, 2 utilized
GBT and 2 utilized LBT for SIBO diagnosis, hence subgroup
analysis according to type of test for SIBO diagnosis were not
conducted.

Prevalence of small intestinal bacterial over-
growth in patients with celiac disease and controls
in different geographic regions. The overall prevalence
of SIBO in patients with celiac disease was lowest in the studies
from the USA (8.7%, 95% CI 6.1–11.9) while prevalence rates
were substantially higher in the studies from Asia (22.1, 95% CI
15.4–30.2) and Europe (23.3%, 95% CI 17.5–29.9), Table S8.

Effect of antibiotic treatment on symptoms in
celiac disease with small intestinal bacterial over-
growth. Four studies reported on 23 SIBO positive patients
with celiac disease, who underwent antibiotic treatment for
variable duration, Table S7. Significant symptom improvement
was reported for 22/23, (95.6%, 95%CI 78.0–99.9) patients post
antibiotic therapy. Two studies14,28 which repeated breath test after
completion of antibiotic therapy, found normalization of breath
test in all SIBO positive patients with celiac disease. None of the
studies reported any adverse events.

Association of small intestinal bacterial over-
growth with histology, celiac serology, and
markers of malabsorption in patients with celiac
disease. Three studies13,21,23 failed to reveal any significant
differences between the degree of intestinal damage on histology
or celiac serology among celiac disease patients with or without
SIBO. Furthermore, 2 studies21,23 found no difference in patient
characteristics and biochemistry among SIBO positive and SIBO
negative patients with celiac disease, whereas 1 study13 found
patients with celiac disease and SIBO to be older, and had signs
of malabsorption (lower level of hemoglobin, b-carotene, albumin,
and higher level of fecal fat), when compared with patients with
celiac disease without SIBO.

Discussion
This systematic review and meta-analysis identified 14 published
peer-reviewed, (4 case–control and 10 cohort) studies from 6 dif-
ferent countries and includes 742 patients with celiac disease and
178 controls. Thus far, this is the largest pooled analysis of
case–control and cohort studies exploring the link between SIBO
in patients with celiac disease, controls, and predicting the risk fac-
tors for SIBO in celiac disease. Overall, the data suggest a signif-
icant increase of SIBO prevalence in patients with celiac disease
compared with healthy controls (OR = 5.1, 95% CI 2.1–12.4).
Furthermore, SIBO prevalence rates in patients with celiac disease
nonresponsive to GFD was numerically, (but not statistically)
greater when compared with patients with celiac disease respon-
sive to GFD. There were considerable variations in SIBO preva-
lence in patients with celiac disease and controls across different
geographic regions, with lowest SIBO prevalence in patients with
celiac disease seen in studies conducted in the USA, while preva-
lence rates were substantially higher in the studies from Asia and
Europe. This is likely explained by the diagnostic modality used
for SIBO diagnosis.
While the exact prevalence of nonresponsive celiac disease is

unknown, between 7 and 30% of patients with celiac disease have
persistent gastrointestinal symptoms despite a GFD and require
further evaluation.2 Although numerically higher, we did not find
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a statistically significant increase (P = 0.511) in the SIBO
prevalence rates of patients with celiac disease nonresponsive to
GFD as compared with those responsive to GFD. Thus, while
SIBO remains an important cause for otherwise unexplained gas-
trointestinal symptoms in patients with celiac disease nonrespon-
sive to GFD, other co-existent conditions like unintentional
gluten ingestion, refractory sprue, and microcytic colitis need to
be excluded.
In patients with celiac disease, SIBO could be the consequence

of damage to the intestinal epithelium and/or intestinal dysmotility
associated with active celiac disease,29 rather than SIBO being the
cause of intestinal epithelial damage and subsequent gastrointesti-
nal manifestations, including malabsorption. While the available
data were limited, we found no association from the studies
included here between SIBO and the degree of intestinal damage
or celiac serology in patients with celiac disease. In addition, the
association between SIBO in patients with celiac disease and
markers of malabsorption/malnutrition (hemoglobin, beta-
carotene, albumin, and level of fecal fat) were inconclusive. Thus,
it cannot be ruled out that SIBO could worsen malabsorption in
patients with celiac disease.
Our meta-analysis showed almost all (95.6%) SIBO positive

patients with celiac disease who underwent short courses of antibi-
otic treatment reported improvement and/or normalization of their
symptoms, which was accompanied with the normalization of
their breath test. Antibiotic therapy was well tolerated and none
of the studies reported any adverse events. Thus, the small intesti-
nal dysbiosis is potentially the cause of unexplained gastrointesti-
nal symptoms in at least a proportion of patients with celiac
disease. Thus, testing and treating SIBO in patients with celiac dis-
ease with unexplained gastrointestinal symptom could potentially
improve symptoms and reduce the likelihood of malnutrition.
The meta-analysis reveals substantial heterogeneity and a high

risk of publication bias across the studies included in the primary
and most subgroup analyses. For this reason, we also conducted
subgroup analysis according to the type of study. Once again, sub-
stantial heterogeneity was noted when subgroup analysis included
only cohort studies or only case–control studies (including both
healthy controls and patient controls). However, conducting sub-
group analysis including case–control studies with only heathy
controls revealed significantly increased prevalence rates of SIBO
in patients with celiac disease as compared with healthy controls
with only minimal heterogeneity in this analysis.
Next, we conducted subgroup analysis according to type of

diagnostic test used in cohort studies. The prevalence of SIBO
was significantly higher in patients with celiac disease when breath
test was utilized for SIBO diagnosis as compared with studies uti-
lizing culture-based methods, with at least moderate heterogeneity
seen in all analyses. Moreover, there was no difference in SIBO
prevalence rates in studies utilizing LBT as compared with GBT
with substantial heterogeneity in both analyses. Similar, subgroup
analysis was not possible for cases-control studies due to the small
number of studies utilizing different diagnostic modalities for
SIBO diagnosis.
To further address the heterogeneity seen in the primary

analysis, we conducted sensitivity analysis, by separately
restricting the analysis only to those studies with ‘high-quality’
NOS-assessment scores (i.e., with a relatively low risk of bias).
However, conducting sensitivity analysis did not reduce the

heterogeneity or risk of bias. Thus, the high heterogeneity scores
and high risk of bias in the primary analysis could at least partially
be explained by the inherent limitations of the cohort studies, and
‘patient controls’ in the case control studies. The cohort studies
either had very small sample sizes, were retrospective audits of
insufficiently defined study cohorts with limited information
regarding the recruitment process or did not account for effects
of confounders (e.g. PPI, antibiotic, probiotic use or prior surgery).
Furthermore, 4/5 case control studies included healthy asymptom-
atic subjects in the control group, minimizing the risk of bias. As
such, the other contributing factors could be the poor sensitivity
and specificity and the lack of a uniform test for SIBO diagnosis.
The influence of the diagnostic modality on the SIBO preva-

lence in celiac disease is further exemplified by the variability seen
in studies from different geographic regions. The lowest SIBO
prevalence rates were reported from the USA, where small bowel
aspirate and culture was used for the majority of the studies, while
substantially higher SIBO prevalence rates in celiac disease were
reported by studies from Asia and Europe, where breath tests were
used for SIBO diagnosis.
One of the limitations of this systematic review and

meta-analysis is the failure to systematically assesses methane pos-
itivity on breath test in patients with celiac disease. None of the
studies included in this systematic review and meta-analysis, re-
ported on prevalence of methane positive SIBO in celiac disease.
Methane positivity has been found to be associated with irritable
bowel syndrome (IBS), constipation subtype30 and inversely asso-
ciated with inflammatory bowel disease (IBD).30,31 To emphasize
the significance of measuring methane in patients with suspected
intestinal dysbiosis, the most recent American College Guidelines
for SIBO32 have coined the term, intestinal methanogen over-
growth, to indicate methane production by methanogens (archaea)
on breath test rather than SIBO (bacteria). Thus, by not measuring
methane, the prevalence of SIBO in celiac disease could have been
underestimated.
A recent population-based33 case–control study found

antisecretory medication (both PPI and histamine-2 receptor
antagonists), to be a risk factor for celiac disease (OR 5.96; 95%
CI 3.58–9.91). Recent studies show that PPI induced acid suppres-
sion potentially promotes colonization of the distal small intestine
by colonic flora.34 Thus, treatment with antisecretory drugs could
be a risk factor for SIBO in celiac disease. Indeed, PPI use was
associated with higher duodenal mucosal bacterial load than non-
users35 and in a recent meta-analysis by Su et al.36 reported that
PPI therapy was associated with a moderately increased risk
(OR = 1.7, 95% CI 1.2–2.4) of SIBO in various gastrointestinal
diseases. Thus, one of the important limitations of this
meta-analysis is that none of the studies have controlled for effects
of PPI use on SIBO prevalence in celiac disease.
The previous meta-analysis examining SIBO in celiac disease37

included only 10 studies as compared with 14 studies included in
primary analysis in the current meta-analysis. More importantly,
this provided the opportunity to conduct meaningful subgroup
analyses of subsets of these studies and examine the magnitude
of heterogeneity inherent to them. We also were able to analyze
other important predictors or risk factors for SIBO in patients with
celiac disease, assess the effect of antibiotic therapy on SIBO erad-
ication in celiac disease, and environmental factors like geographic
variation. Furthermore, we assessed the impact of SIBO on
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non-responsive celiac disease and on small intestinal histology,
serology, and markers of malnutrition in celiac disease. However,
this systematic review and meta-analysis is not without limitations.
The diagnosis of SIBO is hampered by the lack of a valid and
universally accepted diagnostic test. Also, some case control
studies included patients with a variety of diseases or unexplained
gastrointestinal symptoms as controls. It is also worth noting the
small sample size with < 50 participants per arm in some studies
and some sub-group analyses are based upon a small number of
studies.
In conclusion, our systematic review and meta-analysis suggests

that SIBO prevalence is increased in patients with celiac disease
compared to healthy controls. However, SIBO prevalence in
patients with celiac disease unresponsive to a GFD was not
significantly different compared with patients responsive to a
GFD. While the data are limited, SIBO in celiac disease was not
associated with more severe changes in small intestinal histology
or celiac serology, while effects on markers of malnutrition remain
inconclusive. Treatment of SIBO positive patients with celiac
disease with antibiotic therapy is associated with a statistically
significant symptom improvement and normalization of a positive
breath test. It needs to be noted that most of the comparative
analysis revealed moderate heterogeneity and risk of bias and there
is substantial ‘clinical heterogeneity’ most likely due to lack of
uniform selection criteria for cases and controls, failure to assess
influence of potential confounders like PPI therapy and lack of
validated tests for SIBO diagnosis. Thus, the overall quality of ev-
idence is low, and the results need to be interpreted with caution.
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