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Background/Aims

Systemic sclerosis (SSc) often is complicated by small intestinal bacterial overgrowth (SIBO). A systematic review and meta-analysis
thus examined the prevalence of SIBO in SSc (SSc-subtypes), identify risk factors for SIBO in SSc and the effects of concomitant SIBO
on gastrointestinal symptoms in SSc.

Methods
We searched electronic databases until January-2022 for studies providing prevalence rates of SIBO in SSc. The prevalence rates, odds
ratio (OR) and 95% confidence intervals (Cl) of SIBO in SSc and controls were calculated.

Results

The final dataset comprised 28 studies with 1112 SSc-patients and 335 controls. SIBO prevalence in SSc-patients was 39.9% (95%
Cl, 33.1-47.1; P = 0.006), with considerable heterogeneity, (I> = 76.00%, P < 0.001). As compared to controls, there was a 10-fold
increased SIBO prevalence in SSc-patients (OR, 9.6; 95% Cl, 5.6-16.5; P < 0.001). The prevalence of SIBO was not different in limited
cutaneous SSc as compared to diffuse cutaneous SSc (OR, 1.01; 95% Cl, 0.46-2.20; P = 0.978). Diarrhea (OR, 5.9; 95% Cl, 2.9-16.0;
P = 0.001) and the association between SIBO in SSc and proton pump inhibitor use (OR, 2.3; 95% Cl, 0.8-6.4; P = 0.105) failed
statistical significance. Rifaximin was significantly more effective as compared to rotating antibiotic in eradicating SIBO in SSc-patients
(77.8% [95% Cl, 64.4-87.9]) vs 44.8% [95% Cl, 31.7-58.4]; P < 0.05).

Conclusions

There is a 10-fold increased prevalence of SIBO in SSc, with similar SIBO prevalence rates in SSc-subtypes. Antimicrobial therapy
of SIBO-positive SSc-patients with diarrhea should be considered. However, the results must be interpreted with caution due
to substantial unexplained heterogeneity in the prevalence studies, and the low sensitivity and specificity of the diagnostic tests
suggesting that the reliability of the evidence may be low.

(J Neurogastroenterol Motil 2023;29:132-144)
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Introduction

The autoimmune disease systemic sclerosis (SSc) affects mul-
tiple organ systems, including the pulmonary, cardiac, renal and
gastrointestinal (GI) systems and is characterized by abnormalities
of the microvasculature with increased deposition of matrix proteins
and collagen into the connective tissues, with subsequent fibrosis
of skin and internal organs.' SSc can be categorized into 2 major
groups reflecting the extent of skin involvement; those with proxi-
mal involvement are addressed as diffuse cutaneous systemic scle-
rosis (dcSSc), whereas those with skin involvement mainly affecting
the distal limbs (elbows or knees), with or without involvement of
face and neck, are addressed as limited cutaneous systemic sclerosis
(IcSSc).?

Most patients with SSc¢ (~90%) develop GI manifestations
and may present with a variety of symptoms ranging from dry
mouth, dysphagia to fecal incontinence.” Most relevant small
intestinal manifestations in SSc include small intestinal bacterial
overgrowth (SIBO), pseudo-obstruction, malabsorption, and
pneumatosis cystoides intestinalis." SIBO is a disorder, associated
with a variety of symptoms, when = 10 colony forming units per
millilitre (CFU/mL.) of bacteria (typically found in the colon) are
found in culture of jejunal aspirates. However, concentrations =
10° CFU/mL are mostly seen initial studies investigating SIBO in
patients with post-surgical anatomy, eg, stagnant loop syndrome.
Healthy adults may have counts between 0 and 10° CFU/mL*
and more recently a bacterial concentration of = 10° CFU/mL is
considered as the cut off criteria for diagnosing STBO.” Tradition-
ally, culture-based approach is the gold standard for the diagnosis of
SIBO.® However, besides being invasive, culture-based techniques
for diagnosing SIBO have several limitations® and are infrequently
used in the standard clinical practice. As a consequence, breath tests
(BT) have been developed. However, when culture-based methods
are used as a standard, which as outlined above are clearly subopti-
mal tests for diagnosing SIBO, BT show poor sensitivity and lim-
ited specificity and have several methodological problems for SIBO
diagnosis.” All this has questioned their suitability as diagnostic tests

in the clinical setting."”"" Thus, one of the fundamental problems in
diagnosing SIBO is the lack of validated and universally accepted
diagnostic tests.

In SSc, intestinal hypomotility caused by the vasculopathy,
smooth muscles atrophy, and subsequent fibrosis leading to small
bowel stasis causes bacterial colonization and ultimately leading to
SIBO. Thus, although SIBO can be considered a complication of
SSc, SIBO potentially aggravates the clinical manifestation of SSc.
The rates of SIBO prevalence in SSc and SSc-subtypes as well as
the role of potential risk modifiers for SIBO such as treatment with
proton pump inhibitors (PPI) therapy in the setting of SSc are
uncertain.” Moreover, the link between SIBO and GI symptoms
in SSc is incompletely characterized and the efficacy of antibiotic
therapy on elimination of SIBO and symptoms in SSc is poorly de-
fined.

Against this background we performed a systematic review and
meta-analysis (SRMA). As a primary endpoint of this systematic
review and meta-analysis we aim to (1) determine the prevalence
rates of SIBO in patients with SSc (and SSc-subtypes) and controls.
The secondary endpoints are to (2) assess the role of diagnostic ap-
proach on differences in SIBO prevalence rates comparing various
geographic regions, (3) explore the underlying risk modifiers for
the occurrence of SIBO in SSc, and (4) analyze response to therapy
(antimicrobial and octreotide) in relation to symptoms in SIBO

positive patients with SSc.

Methods

Protocol and Registration

This SRMA was conducted in accordance with the “Preferred
Reporting Items for Systematic Reviews and Meta-Analysis”
statement (PRISMA).""* Compliant with existing standards the
study-protocol for this SRMA has been registered (PROSPERO,
CRD42021274206).

Search Strategy
Awailable electronic databases, (MEDLINE [Ovid], EM-
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Records identified through
database searching

Additional records identified
through other sources

(n =1024) (n = 106)

} |

Records after duplicates removed
(n = 959)

}

Records screened

A4

(n = 959)

Records excluded
(n =914)

}

Full-text articles assessed

A4

for eligibility
(n = 45)

l

Studies included in
qualitative synthesis
(n =28)

}

Studies included in quantitative
synthesis (meta-analysis)
(n = 28)

[ Included ] [ Eligibility ] [ Screening ] [Identification]

BASE, PUBMED, SCOPUS, Web of Science, and the CO-
CHRANE Library), were searched from initiation (1966) until
Jan 2022 for all studies evaluating the link between SIBO and SSc
(and/or 1cSSc/dcSSc). For the detailed search strategy please see the
Preferred Reporting Items for Systematic Reviews and Meta-anal-
yses (PRISMA) flow diagram (Fig. 1). With the expert support
from our librarian the literature search was conducted. The search
strategy utilized for the MEDLINE and EMBASE data bases is
depicted (Supplementary Fig. 1A and 1B). For the initial search no
restrictions in relation to languages were used. Subsequently, an ad-
vanced search step was used to identify “grey” literature with search
engines such as Google or Google Scholar, and as a further step
“Snowball” method was applied to find relevant articles.

Selection of Studies

Independently titles and abstracts were screened and publica-
tions with relevant information in relation to the research question
(link between SIBO and SSc and/or 1¢SSc/dcSSc) were further
assessed. Full texts of the relevant articles were subsequently as-
sessed. Case-control studies, prevalence studies recruiting random
(unselected) study subjects and controls meeting standardized
diagnostic criteria for SSc and SIBO were included. For diagnosis
of SSc the diagnostic standards of the updated American College

Full-text articles excluded,
with reasons
(n=17)

Exclusions:

n = 5, systematic reviews
n = 1, paper not available
n = 2, case series

n = 10, not using
conventional diagnostic
methods for SIBO.

Figure 1. Preferred Reporting Items
for Systematic Reviews and Meta-
analyses (PRISMA) flow diagram.

of Rheumatology and the European League Against Rheumatism
2013 criteria or the former ACR 1980 diagnostic criteria”"* were
used. Studies without original data or including diverse populations
of autoimmune disease or mixed connective tissue disorders with-
out detailed extractable information on SSc, or without validated
methods for the diagnosis of SIBO in SSc were excluded, as out-
lined in Supplementary Table 1. Information in relation to antimi-
crobial and/or PPI therapy were taken from the identified studies.
Conference abstracts were also included if the required data were
reported. The control group comprised of healthy subjects with-
out symptoms or patients undergoing investigations for chronic
or relapsing unexplained GI symptoms (patient controls). Table
1 summarizes eligibility criteria for study inclusion and studies
that were not included are shown in Supplementary Table 1. Any
disagreements between reviewers were jointly resolved by review of

the original publication.

Data Extraction and Quality Assessment

Two authors (VP and K.V) extracted independently the data
and entered the data into a spreadsheet (Microsoft Excel, 2010
Professional edition; Microsoft Corp, Redmond, Washington,
USA). For the purpose of this study, the following information was

retrieved: year of publication, name of authors, design of the study,
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Table 1. Eligibility Criteria for the Studies Included in Systematic Review and Meta-analysis

Eligibility criteria

* Prevalence or case-control studies, published as full papers in peer reviewed journals or conference abstracts.

* Adults and children with a presumed diagnosis of Systemic sclerosis based on meeting specific diagnostic criteria’.

* Non SSc control group, referred to as ‘controls’ included “healthy asymptomatic controls” as well as “patient controls” including subjects

undergoing evaluation for unexplained gastrointestinal “syndromes” (eg, dyspepsia, abdominal pain, and diarrhea).

* Studies reporting on efficacy data after antibiotic treatment of SIBO in SSc-patients were also included.

* Clinically validated methods to diagnose STBO".

* Participants not specially selected.

‘American College of Rheumatology/European League Against Rheumatism criteria””"* or formerly known as the American Rheumatism Association Diagnostic

and Therapeutic Criteria Committee.

"Lactulose breath test, glucose breath test, or jejunal aspirate and culture (or any combination of these).

SSc, systemic sclerosis; SIBO, small intestinal bacterial overgrowth.

geographic region (country), type of controls, diagnostic methods
for SIBO including details of tests (substrate used, cutoff values
for SIBO diagnosis), age, gender, PPI use, fecal calprotectin (FC),
and co-morbidities including prior surgery. Furthermore, the diag-
nostic criteria for SSc and subtypes, the treatment for SIBO in SSc-
patients (antimicrobial compounds or other treatment modalities
including octreotide) and response to treatment were recorded.
We also captured the prevalence of subjects (both SSc-patients and
controls) who had methane positivity on breath test or intestinal
methanogen overgrowth.

For the quality assessment of prevalence studies, the Joanna
Briggs Institute (JBI) critical appraisal tools” was utilized, while the
Newecastle-Ottawa scale (NOS)” was used to assess the quality of
case-control studies, further details in Supplementary Materials and
Methods.

Data Analysis

The numbers of patients with SSc and the respective controls
in the various cohorts were assessed as the first step. Subsequently,
the pooled prevalence of SIBO in SSc (with or without a control
group) was calculated. In separate steps, the pooled odds ratio (OR)
and the respective 95% confidence intervals (CI) for the prevalence
of SIBO in SSc-patients and controls were calculated. Standardized
mean difference and 95% CI were used to estimate the difference
between GI symptom scores in SSc-patients compared to controls.
Other data (eg, total GI symptom score) were also recorded as
mean and standard deviation, further details in Supplementary Ma-
terials and Methods. Subgroup analyses with stratification of data
by diagnostic modalities, geographic region, SSc-subtype (1cSSc/
dcSSc), the PPI-use, proportion of subjects with methane-positive
SIBO in patients with SSc were performed. Finally, we calculated
the proportion of SSc-patients with SIBO, who responded to anti-

biotic therapy with regards to normalisation of positive breath test

and improvement in GI symptoms.

Furthermore, descriptive analysis was used to assess the link be-
tween SIBO and SSc utilizing the Comprehensive Meta-Analysis
software (version 3.3.070; Biostat Inc, Englewood, NJ, USA). In
the results section we also provide the observed (or unweighted)
number of positive cases and total tested per study in addition to
the weighted pooled estimates of the OR comparing treated with
control groups. Subsequently we calculated ORs and pooled preva-
lence estimates of disease utilizing a random effects model.” This is
intended to account for between-study variability and are reported
such that an OR > 1 favors responses in treated patients. The
Supplementary Materials and Methods provide additional details
of statistical analysis.

Results

Selection Outcome
Our search of the available literature (detailed in Fig. 1) identi-
fied 28 studies suitable for this systematic review and the subse-

-32
were case-control

quent meta-analysis. Eleven out of 28 studies™
studies while 17" were prevalence studies. The specifics of these
studies in relation to methodology for the diagnosis of SIBO and
the characteristics of the patient cohorts are provided in Table 2 and

Supplementary Tables 2 and 3.

Prevalence of Small Intestinal Bacterial Overgrowth
in Systemic Sclerosis

Based upon 28 studies with 1112 SSc-patients the pooled prev-
alence for SIBO in SSc-patients was 39.9% (95% CI, 33.1-47.1)
(Fig. 2). The primary analysis revealed considerable heterogeneity
(I = 76.00%, P < 0.001) while funnel plot inspection suggested
potential asymmetry (Supplementary Fig. 2) and results of the Eg-
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ger’s test (Supplementary Table 4) did not suggest publication bias.

Nine out of 11 case-control studies in the final analysis included
347 adult SSc-patients and 335 controls.””*** The remaining 2
studies did not report SIBO prevalence in controls, and were not
included in further analysis.””** SIBO prevalence in SSc-patients
was 7-fold higher at 36.9% (95% CI, 31.9-42.2) compared to 5.4%
(95% CI, 3.2-8.3) in controls (Supplementary Table 4). In relation
to the prevalence of SIBO, the pooled OR was significantly higher
in SSc-patients as compared to controls (9.6; 95% CI, 5.6-16.5; P
< 0.001; Fig. 3) without any measurable statistical heterogeneity
noted in this analysis (I" = 0,00%, P = 0.798).

Risk of Bias on the Small Intestinal Bacterial
Overgrowth Prevalence and Selection Criteria for
Controls

High-quality studies

The quality assessment of the studies is outlined in Supplemen-
tary Tables 5 and 6. Utilising the NOS, the majority (6/11, 54.5%)
of the case-control studies were categorized as high-quality (NOS
score of = 6, Supplementary Table §). With the JBI critical ap-
praisal tool (Supplementary Table 6), 3 out of the 11 case-control
studies had a low risk of bias, 4 had a moderate risk of bias and 4
had a high risk of bias. Furthermore, 6 out of 17 prevalence studies
had low, 3 had moderate, and 8 had a high risk of bias.

Including all 16 high-quality studies, there was no significant
difference for SIBO prevalence rates in SSc-patients (37.4%; 95%
CI, 29.8-45.8; Supplementary Fig. 3). In addition, the analysis re-
vealed considerable heterogeneity (I' = 77.40%, P < 0.001).

Healthy asymptomatic controls

Healthy subjects as controls were included in 8 out of the 9,
case-control studies Table 2. Subgroup analysis with studies that
included healthy controls, the odds for SIBO prevalence in SSc-
patients as compared to controls remained unchanged, (OR, 9.6;
95% CI, 5.5-16.6; P < 0.001, data not shown) without any mea-
surable statistical heterogeneity seen in this analysis (I* = 0.00%,
P < 0.001).

Effects of Diagnostic Tests for Small Intestinal
Bacterial Overgrowth (Breath-tests Versus Small
Bowel Aspirate and Culture)

Twenty-four studies utilized BT (13 glucose breath test
[GBTT, 9 lactulose breath test [LBTT, and 2 BT without specified

substrates) and 4 studies (all case-control studies) utilized jejunal

SIBO in Systemic Sclerosis

aspirate and culture to diagnose SIBO. When BT were used to
diagnose SIBO, the pooled prevalence rate of SIBO in SSc-patients
was 44.4% (95% CI, 38.0-51.1; Supplementary Fig. 4), consider-
able heterogeneity was noted in this analysis (I' = 78.45%, P <
0.001). In addition, the funnel plot suggested overall asymmetry
(Supplementary Fig. ), while results of the Egger’s test did not
suggest publication bias, (Supplementary Table 4). Utilizing LBT
as compared to GBT, SIBO prevalence in SSc-patients was numer-
ically higher 48.2% (95% CI, 39.8-56.8) vs 36.8% (95% CI, 25.5-
49.8) (Supplementary Fig. 4.) Again, the analyses demonstrated
substantial heterogeneity for studies utilizing both GBT (I* =
82.42%, P < 0.001) and LBT (I’ = 60.68%, P = 0.009). With
jejunal aspirate and culture as diagnostic modality, the pooled SIBO
prevalence rates for SSc-patients was 36.2% (95% CI, 22.5-52.5)
comparable to that utilizing GBT with moderate heterogeneity seen
in the analysis (I° = 35.7%, P = 0.198).

Four case-control studies utilizing jejunal aspirate, used a cut
off = 10° CFU/mL of bacteria for SIBO diagnosis. In these stud-
ies, the prevalence of SIBO in SSc-patients was 34.8% (95% CI,
23.3-46.3) as compared to 5.4% (95% CI, 1.1-14.8) in controls.
Furthermore, the odds for SIBO prevalence in SSc-patients was
9.0 (95% CI, 2.7-30.4; P < 0.001; Fig. 3) compared to controls,
without any measurable statistical heterogeneity in the analysis
(I* = 0.00%, P = 0.985).

Utilizing jejunal aspirate and culture (all in case-control stud-
ies), the OR for SIBO in SSc-patients compared with controls was
9.0 (95% CI, 2.7-30.4; P < 0.001). Again, there was no measur-
able statistical heterogeneity noted in the analysis, (I* = 0.00%,
P = 0.985).

Prevalence Rates of Small Intestinal Bacterial
Overgrowth in Systemic Sclerosis-subtypes

Nine studies analysed the prevalence rates of SIBO in SSc-
subtypes (Table 2). The odds of SIBO prevalence was not different
in 1¢SSc as compared to deSSc (OR, 1.01; 95% CI, 0.46-2.20; P =
0.978) (Supplementary Fig. 6), with moderate heterogeneity noted
for this analysis (I* = 41.20%, P = 0.153).

Risk Factors for Small Intestinal Bacterial Overgrowth
in Systemic Sclerosis

Link between proton pump inhibitors use and small
intestinal bacterial overgrowth in systemic
sclerosis-patients

Five studies analyzed the effects of PPI on the prevalence of
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SIBO in SSc-patients, (Supplementary Table 7). The prevalence
of SIBO in 98/228 (43%; 95% CI, 36.5-49.6) SSc-patients on
PPI was significantly higher as compared to 27/94 (28.7%; 95%
CI, 19.8-28.9) in SSc-patients not on a PPI. PPI use in SIBO
positive, SSc-patients was numerically higher than SIBO positive
SSc-patients not on a PPI (OR, 2.3; 95% CI, 0.8-6.4; P = 0.105)
(Supplementary Fig. 7), with moderate heterogeneity in the analy-
sis, (I = 57.60%, P = 0.060).

Effect of disease duration on small intestinal bacterial
overgrowth in systemic sclerosis-patients

Three studies explored the association between SIBO and dis-

ease duration in SSc-patients.”**” All 3 found statistically signifi-
cantly association between disease duration and SIBO prevalence in
SSc-patients.***"
Link between small intestinal bacterial overgrowth
prevalence in systemic sclerosis-patients and autoanti-
bodies and biochemical markers for malnutrition and
inflammation

Three studies evaluated the potential link between SIBO in
SSc-patients and markers of inflammation and markers of mal-
nutrition (Supplementary Table 8).”**" Two studies found no
significant association between prevalence of SIBO in SSc-patients
and biochemical-markers of inflammation (erythrocyte sedimenta-
tion rate, C-reactive protein, leucocyte counts, serum concentrations
of total protein, albumin, vitamin B12, serum ferritin, folic acid,
or Vitamin D).*** In contrast, Marie et al,”’ found that the SIBO
positive SSc-patients in their study had significantly greater erythro-
cyte sedimentation rate, reduced serum total protein, albumin, and
haemoglobin, and no differences in Vitamin B12, ferritin, and folic
acid. Autoantibody screen tests (anti-Centromere antibody and anti-
Scl 70 antibody)™***"*" were similar in both SSc-patients with and
without STBO, except for one study;™ where only anti-Scl 70 was
significantly associated with SIBO positivity in SSc.

Finally, all 3 studies found no association between other sys-
temic manifestation of scleroderma (interstitial lung disease, digital
ulceration, Raynaud’s phenomenon, and pulmonary arterial hy-
pertension)™***”"* and SIBO, except 1 study™ found significantly
increased pulmonary arterial hypertension but not interstitial lung
disease in SIBO positive SSc-patients. Two studies™ found sig-
nificantly higher FC levels (> 200 pg/g) in SIBO positive SSc-pa-
tients as compared to SIBO negative SSc-patients (Supplementary
Table 2).

Link between small intestinal bacterial overgrowth in
systemic sclerosis and gastrointestinal symptoms

Four studies reported on total GI symptoms, using different
symptom assessment scales (Supplementary Table 9). Overall, the
total GI symptom score in SSc-patients, with and without SIBO
were not different (standardized mean difference, 0.28; 95% CI,
—0.05-0.61; P = 0.090) (Supplementary Fig. 8) with minimal
heterogeneity (I' = 12.50%, P = 0.330). Analysing symptoms
individually, the odds of diarrhea prevalence (reported in 7 stud-
ies) was significantly higher in SIBO-positive SSc-patients (OR,
5.9; 95% CI, 2.9-16.0; P = 0.001) (Supplementary Fig. 9) with
moderate heterogeneity (I = 44.40%, P = 0.126) in the analy-
sis.“PHHPINETH Tyrther subgroup analysis regarding other GI
symptoms could not be performed, however the descriptive results
are summarized below.

Although numerically higher, we found no significant increase
in the prevalence of constipation in SSc-patients with SIBO as
compared to those without SIBO (OR, 2.6; 95% CI, 3.3-20.6;
P = 0.355) (Supplementary Fig. 10). This data was reported in 3
studies.”"* There was substantial heterogeneity noted in the anal-
ysis (I' = 82.00%, P = 0.001). Although data could be extracted
from only limited studies, SSc-patients who were SIBO positive as
compared to those who were SIBO negative, there was significant
difference in prevalence of symptoms like bloating™** (84.8% [95%
CI, 73.9-92.4] vs 60.4% [95% CI, 46.0-73.5]), dyspepsia™”**
(63.2% [95% CI, 38.3-83.7] vs 22.2% [95% CI, 14.1-32.2]), and
abdominal pain” (86.4% [95% CI, 65.1-97.1] vs 31% [95% CI,
15.2-50.8]) but no significant difference was noted in regard to
prevalence of dysphagia™ (66.7% [95% CI, 34.8-90.1] vs 37.7%
[95% CI, 26.8-49.4]) and weight loss™* (53.3% [95% CI, 16.5-
78.7] vs 13.8% [95% CI, 3.8-31.6]).

Treatment With Antibiotics of Small Intestinal
Bacterial Overgrowth Positive Systemic
Sclerosis-patients

Nine studies with 158 SIBO positive SSc-patients reported re-
sponse to antibiotic treatment (Supplementary Table 10). There was
significant symptom improvement reported by 60.4% (95% CI,
49.9-70.2) of these patients. Fifty-six percent (95% CI, 47.8-64.9)
of SSc-patients treated with antibiotics had normalization of BT

after treatment with antibiotics. Rifaximin®*"'

was almost twice
as effective as compared to rotating antibiotic therapy”™"™" (77.8%
[95% CI, 64.4-87.9] vs 44.8% [95% CI, 31.7-58.4]) in achieving

normalization of the BT after treatment. Only 4 studies reported
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Study name Statistics for each study Event rate and 95% ClI
Event Lower Upper
rate limit limit Z-value P-value
Adarsh et al 0.189 0.093 0.347 -3.467 0.001 k=
Bae et al 0.382 0.264 0.516 -1.736  0.083 -
Brown et al 0.944 0.495 0.997 1.947 0.052 —n
Chaudhary et al 0.343 0.206 0.512 -1.827 0.068 -
Cobden et al 0.200 0.077 0.428 -2.480 0.013 -
Cruz-Dominguez et al 0.647 0.527 0.751 2.389 0.017 -
Di Caula et al 0.013 0.001 0.175 -3.052 0.002 -
Fynne et al 0.200 0.066 0.470 -2.148 0.032 —a—
Garcla-Collinot et al 0.541 0.427 0.650 0.697 0.486 -
Gemignani et al 0.180 0.096 0.311 -4.119 <0.001 L o
Gough et al 0.045 0.003 0.448 -2.103 0.035 —
Kaye et al 1994 0.400 0.158 0.703 -0.628 0.530 —a—
Kaye et al 1995 0.333 0.176 0.539 -1.601 0.109 ——
Levin et al 0.448 0.281 0.628 -0.556 0.578 —a—
Madrid et al 2012 0.533 0.358 0.701 0.365 0.715 ——
Madrid et al 2020 0.604 0.468 0.725 1.500 0.134 -
Marie | et al 2009 0.431 0.304 0.569 -0.977 0.329 -
Marie | et al 2015 0.352 0.273 0.439 -3.259 0.001 L 3
Owyang 0.917 0.378 0.995 1.623 0.105 —=
Parodi et al 0.545 0.414 0.671 0.673 0.501 -
Polkowska-Pruszy'nska etal  0.487 0.336 0.640 -0.160 0.873 —
Savarino et al 0.475 0.379 0.573 -0.502 0.615 E
Sawadpanich et al 0.135 0.078 0.223 -5.990 <0.001 | 3
Shindo et al 0.583 0.308 0.815 0.575 0.566 —a—
Soudah et al 0.917 0.378 0.995 1.623 0.105 —=
Tauber et al 0.378 0.239 0.542 -1.465 0.143 -+
Wegener et al 0214 0.071 0.494 -1.995 0.046 - Figure 2. Forest plot of studies showing
Zou et al 0.520 0.331 0.704 0.200 0.842 —— prevalence of small intestinal bacterial
0.399 0331 0471 -2.736  0.006 * overgrowth in systemic sclerosis-patients
10 -05 0 05 10 (39.9% [95% CI, 33.1-47.1]; I* =
No SIBO SIBO 76.00%; P < 0.001).
SIBO in SSc patients compared to controls
Group by Study name Statistics for each study OR and 95% ClI
Type of test Odds Lower  Upper
ratio limit limit  Z-value P-value
GBT Gemignani et al 4171 1.063  16.362 2.048 0.041 ——
GBT 4171 1.063  16.362 2.048 0.041 —_—
JAC Cobden et al 10.091 0.504 201.907 1.512 0.130
JAC Kaye et al 1994 14538  0.667 316.694 1.703 0.089 —_—
JAC Kaye et al 1995 9.788  0.506 189.219 1.510 0.131
JAC Shindo et al 7.467  1.385  40.245 2.339 0.019 —a—
JAC 9.093 2.712  30.489 3.576  <0.001 —~—
LBT Parodi et al 16.800  5.347  52.785 4.830 <0.001 —m
LBT Polkowska-Pruszy'nska et al 6.460  2.088 19.986 3.238 0.001 —a—
LBT Savarino et al 17.173  5.039  58.528 4545 <0.001 ——
LBT 12.052  6.153  23.609 7.256  <0.001 -
Overall 9.656  5.627 16.568 8.232  <0.001 >
0.01 0.1 1 10 100
No SIBO SIBO

Figure 3. Forest plot of studies showing prevalence of small intestinal bacterial overgrowth (SIBO) in systemic sclerosis-patients and controls,
stratified according to mode of diagnosis of SIBO (OR, 9.6; 95% CI, 5.6-16.5; P < 0.001), (I = 0.00%, P = 0.798). The odds ratio for SIBO
in SSc-patients compared to controls utilizing jejunal aspirate and culture (JAC) is 9.0 (95% CI, 2.7-30.4; P < 0.001), (I' = 0.00%, P = 0.985),
utilizing lactulose breath test (LBT) is 12.0 (95% CI, 6.1-23.6; P < 0.001), (I = 0.00%, P = 0.404), utilizing glucose breath test (GBT) is 4.1
(95% CI, 1.0-16.3; P = 0.041), (I* = 0.00%, P > 0.999).
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on antibiotic related adverse events, in 2 out of 4 studies,””’ none

of the patients developed any side effects. In one study,” 1 patient
treated with rotating antibiotic developed pseudomembranous
colitis, leading to antibiotic discontinuation while in another study"
12/26 (46.1%) patient reported mild GI symptoms.

Two studies evaluated the efficacy of antimicrobial therapy on
SIBO in SSc-patients on FC.*** One study™ found a statistically
significant reduction in FC post SIBO eradication with antibiotic
therapy while in the other study” the reduction in mean FC levels
failed statistical significance.

Influence of Geographic Factors on Small Intestinal
Bacterial Overgrowth in Systemic Sclerosis-patients
and Controls

Subgroup analysis stratified according to geographic regions,
revealed the highest SIBO prevalence in SSc-patients in the USA
(54.9% [95% Cl, 49.5-60.2]), followed by the studies conducted
in Europe at 36.1% (95% CI, 32.2-40.1) and lowest in studies from
Asian countries 22% (95% Cl, 16-28.8) (Supplementary Table 11).
Moderate heterogeneity among the studies included in these analy-
ses was found (I = 46.32%, P = 0.061).

Discussion

Twenty-eight published peer-reviewed studies (11 case-control
and 17 prevalence) with 1112 SSc-patients and 335 controls from
13 countries were included in this systematic review and meta-
analysis. With more than 1000 SSc-patients this is the thus far larg-
est pooled analysis of case-control and prevalence studies focussing
on the association between SIBO and SSc (and SSc sub-types) and
potential risk modifiers for SIBO in SSc. Overall, the data reveal a
strong link between SIBO and SSc with a 10-fold increased preva-
lence of SIBO in SSc-patients as compared to controls (OR, 9.6;
95% Cl, 5.6-16.5). Conversely, no significant difference in SIBO
prevalence rates between different SSc sub-types, namely 1¢SSc
and dsSSc was found. Furthermore, antibiotic treatment targeting
SIBO in SSc significantly improved symptoms suggesting that
concomitant SIBO in SSc-patients aggravates GI symptoms.

Previous work by Grace et al,” found diarrhea as the most
common symptom in SIBO, which was followed by abdominal
pain and bloating as the next most frequent symptoms. Notably,
the symptom diarrhea was closely associated (OR, 5.9; 95% CI,
16.0-2.9; P = 0.001) with SIBO in SSc-patients. Furthermore,
GI symptoms like bloating, dyspepsia and abdominal pain were
also significantly increased in SSc-patients with SIBO. On the

other hand, the total GI symptom score and symptoms like weight
loss, constipation, and dysphagia were not significantly increased
in SIBO positive SSc-patients. Nevertheless, SIBO symptoms
frequently overlap with symptoms observed in other GI condi-
tions and are regarded as poor predictors for bacterial overgrowth.
Other serious but less frequent clinical manifestations of SIBO are
nutrient malabsorption,” indicated by deficiencies of fat-soluble
vitamins, vitamin B12, folate and iron, and ultimately weight loss.
Studies focussing on the associations between inflammatory mark-
ers, nutritional markers and SIBO positive SSc-patients were
inconclusive. Autoantibody screen tests (anti-Centromere antibody
and anti-Scl 70 antibody) were not increased in SIBO positive SSc-
patients compared to those without SIBO. This suggests that SIBO
is not directly linked to the underlying immune process of SSc. On
the other hand, FC was significantly increased in SIBO positive
SSc-patients consistent with the concept that SIBO can result in
mucosal inflammation.” Interestingly, SIBO was not associated
with other systemic manifestations of SSc.

We observed substantial heterogeneity and recurrent potential
for publication bias among studies that were available for the pri-
mary and most secondary analyses. We thus performed a separate
analysis according to study design. While prevalence studies yielded
a high heterogeneity score, no measurable heterogeneity was found
for case-control studies.

Furthermore, separate analysis stratified by type of diagnostic
test used were conducted. This revealed numerically higher preva-
lence of SIBO when LLBT was used for SIBO diagnosis instead of
studies utilizing GBT or culture-based methods. Nevertheless, at
least moderate heterogeneity was found for each subgroup analysis.
Similar, subgroup analysis for cases-control studies was not possible
due to the small number of studies utilizing different diagnostic
modalities for SIBO diagnosis.

To explore heterogeneity of the primary analysis, we did an ad-
ditional sensitivity analysis, by restricting the analysis only to only
“high-quality” studies based upon NOS and the JBI appraisal tool.
However, among the studies meeting this criterion, heterogeneity
was also high and the potential for bias remained. Given this, the
high heterogeneity scores and the obvious high risk of bias is most
likely explained by extraneous but unreported features of the preva-
lence studies included in this systematic review and meta-analysis. It
is noteworthy, that most prevalence studies included in these meta-
analyses were based upon retrospective audits, of frequently poorly
characterized study cohorts, with insufficient information regarding
selection criteria or potential confounders (eg, PPI-use, previous

antibiotic therapies, or probiotic use). This potentially could explain
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the increased SIBO prevalence in SSc-patients when prevalence
studies are compared to case-control studies. Furthermore, 8 out of
the 9 case-control studies used healthy (asymptomatic) subjects as
controls, minimizing the risk of bias.

The lack of data on methane positivity during BT in patients
with SSc is one of the limitations of this meta-analysis. Only 3 stud-
ies reported methane positivity (in addition to hydrogen) during
breath testing to diagnose SIBO in SSc. Methane, produced by
Archaea (and not bacteria), is believed to slow intestinal transit and
is often associated with constipation.” The importance of breath
methane measurements in subjects with suspected intestinal dysbio-
sis, is emphasized by the guideline of the American College of Gas-
troenterology for STBO.” Indeed, the term, intestinal methanogen
overgrowth has been coined to highlight the distinct importance
of methane production by methanogens (Archaea) as compared to
hydrogen positive SIBO caused by bacteria. Consequently, failure
to measure methane, will result in an underestimation of the SIBO
prevalence and s likely to influence the outcomes this meta-analysis.

SSc-patients frequently have severe motility disturbance of the
esophagus, manifesting with heartburn, dysphagia, and regurgita-
tion” requiring treatment with PPI. A meta-analysis published by
Su et al™® found that treatment with PPI and the subsequent chronic
gastric acid suppression is linked with a moderate increase of SIBO
in a variety of GI disease conditions (OR, 1.7; 95% CI, 1.2-2.4).
However, a recent study showed that, PPI was not associated with
an increased rate of SIBO, although modest changes were seen in
the small intestinal microbiome in PPI users, including a notable
reduction in relative abundance of the family Clostridiaceae.”
Thus, the effect of PPI on the small intestinal microbiome remains
inconclusive. In the current systematic review and meta-analysis, al-
though limited by a small sample size, PPI use was numerically (but
not significantly) higher in SIBO positive SSc-patients (OR, 2.3;
95% C1, 0.8-6.4; P = 0.105). However, it is important to note that
SSc-patients with more severe GI symptoms, who are more likely to
have SIBO are often treated with PPI, thus the true link between
SIBO in SSc-patients and PPI use remains to be explored.

Increased duration of disease was significantly related with an
increased SIBO prevalence rates in SSc-patients, suggesting that
SIBO is potentially the consequence (and not the cause) from the
worsening global GI dysmotility seen with disease progression, re-
sulting in subsequent stasis of luminal contents promoting bacterial
overgrowth in SSc.

This systematic review and meta-analysis revealed that a short
course of antibiotic therapy or octreotide treatment were effective in
treating SIBO in SSc-patients. In more than 60% of SSc-patients,

SIBO in Systemic Sclerosis

antibiotic therapy resulted in a significant symptom improvement
and in more than 60% of SSc-patients in normalization of breath
tests. Overall, it appears that rifaximin was potentially twice as ef-
fective as rotating antibiotics for SIBO treatment in SSc, while our
analysis could not account for potential confounders. Antibiotic
therapy was well tolerated and only a small proportion of patients
developed mild GI symptoms. Moreover, there was reduction in
FC after SIBO eradication with antibiotic therapy in SSc-patients.
Similarly, although only limited data is available,”" treatment of
SIBO in SSc with octreotide, exerting a prokinetic effect,” im-
proved abdominal symptoms significantly and normalized hydro-
gen breath tests. Thus, antimicrobial therapy may be an effective
therapeutic option to improve GI symptoms in SSc, similar to that
reported for treating small intestinal dysbiosis and symptoms in
FGIDs” and IBD." Furthermore, only 1 open-label study report-
ed on the efficacy of probiotics in treating SIBO in SSc-patients and
found Saccharomyces boulardii monotherapy or in combination
with metronidazole was well tolerated and effective in improving GI
outcomes in SIBO positive SSc-patients.” This points towards a
potential role of small intestinal dysbiosis as a relevant pathophysio-
logical factor for digestive symptoms in a subgroup of SSc-patients.

Subgroup analysis for different countries and regions of the
world, found the increased SIBO prevalence rates in the US,; fol-
lowed by the European countries and the lowest rates were from the
Asian countries. In all these countries a combination of BT and/or
small bowel aspirate and culture was used for SIBO diagnosis. It
can be speculated that this variation in SIBO prevalence is caused
by environmental factors such as diet or the background risk of GI
infections.

The only earlier meta-analysis® incorporated 14 studies as
compared to 28 studies used for the primary analysis for this meta-
analysis. This increased number of studies enabled detailed analyses
of subgroups of the included studies and allowed to explore the
heterogeneity inherent to these studies. The larger sample size also
enabled additional analyses in relation to other predictors or risk
factors for SIBO in SSc including PPI use, antibiotic therapy and
octreotide, environmental factors like geographic region or the role
of potential biomarkers such as FC, markers of inflammation and
markers of malnutrition for SIBO in SSc. Furthermore, we as-
sessed the impact of SIBO on GI symptoms and other systemic
manifestations of SSc. Nevertheless, there are limitations of this sys-
tematic review and meta-analysis. The diagnosis of SIBO is always
fraught by the absence of an appropriately validated and clinically
accepted diagnostic tests. Furthermore, the various case-control

studies included “healthy asymptomatic subjects” as well as diverse
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patient cohorts as controls. In addition, small sample sizes (eg, <
50 subjects per group) in some of the studies limited the statistical
power of some of the sub-group analyses.

Collectively, this systematic review and meta-analysis observes
an increased prevalence of SIBO in SSc-patients as compared to
controls. However, there was no difference in SIBO prevalence
between 1cSSc and dcSSc. Diarrhea is strongly associated with
SIBO in SSc-patients, while the risk of SIBO increases with longer
disease duration and PPI use. While the data are limited, FC is
increased in SIBO positive SSc-patients, but the role of other mark-
ers of inflammation and malnutrition, remains uncertain. Antibiotic
treatment (or treatment with octreotide) of SIBO (predominantly
rifaximin) in SSc-patients and/or octreotide results in a significant
symptom improvement and in a significant proportion of patient’s
the BT are normalized. On the other hand, moderate heterogeneity
was found by the comparative analysis in addition to risk of bias.
Furthermore, there is substantial “clinical heterogeneity,” which is
most likely due to the absence of uniform criteria for selection of
cases, a consequence of potential confounders and lack of validated
tests to diagnose SIBO. Based upon this, the overall reliability of
the evidence available must be considered low, and the results need

to be interpreted with caution.
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Note: To access the supplementary materials and methods,
tables, and figures mentioned in this article, visit the online version
of Journal of Neurogastroenterology and Motility at http://www.
jnmjournal.org/, and at https://doi.org/10.5056/jnm22168.

Acknowledgements: The authors would like to acknowledge
our Librarian, Mr Marcos Riba who has assisted with the literature

search.
Financial support: None.

Conflicts of interest: Ayesha Shah, Michael P Jones, Mark
Morrison, and Gerald Holtmann work for AGIRA (Australian
Gastrointestinal Research Alliance).

Author contributions: Ayesha Shah, Veenaa Pakeerathan,
Kate Virgo, and Gerald Holtmann: study idea, concept and de-
sign, data extraction and interpretation of data, and drafting of the
manuscript; Ayesha Shah and Veenaa Pakeerathan share equal first
co-authorship; Thomas Fairlie and Mark Morrison: drafting of

the manuscript and review of final manuscript; Mike Jones: data

analysis, drafting of the manuscript, and review of final manuscript;
Uday C Ghoshal: critical input in the study and editing of the pa-
per; and Purna C Kashyap: critical input in the study and editing of
the paper.

References

1. Prescott R], Freemont AJ, Jones CJ, Hoyland ], Fielding P. Sequential
dermal microvascular and perivascular changes in the development of
scleroderma. J Pathol 1992;166:255-263.

2. Denton CB Khanna D. Systemic sclerosis. Lancet 2017;390:1685-1699.

3. McMahan ZH. Gastrointestinal involvement in systemic sclerosis: an
update. Curr Opin Rheumatol 2019;31:561-568.

4. Frech TM, Mar D. Gastrointestinal and hepatic disease in systemic scle-
rosis. Rheum Dis Clin North Am 2018;44:15-28.

5. Erdogan A, Rao SS, Gulley D, Jacobs C, Lee YY, Badger C. Small
intestinal bacterial overgrowth: duodenal aspiration vs glucose breath test.
Neurogastroenterol Motil 2015;27:481-489.

6. Khoshini R, Dai SC, Lezcano S, Pimental M. A systematic review of
diagnostic tests for small intestinal bacterial overgrowth. Dig Dis Sci
2008;53:1443-1454.

7. Rezaie A, Buresi M, Lembo A, et al. Hydrogen and methane-based
breath testing in gastrointestinal disorders: the North American consen-
sus. Am J Gastroenterol 2017;112:775-784.

8. Paik CN, Choi MG, Lim CH, et al. The role of small intestinal bacte-
rial overgrowth in postgastrectomy patients. Neurogastroenterol Motil
2011;23:e191-e196.

9. Losurdo G, Leandro G, Ierardi E, et al. Breath tests for the non-invasive
diagnosis of small intestinal bacterial overgrowth: a systematic review with
meta-analysis. ] Neurogastroenterol Motil 2020;26:16-28.

10. Shah A, Holtmann G. Clinical conditions associated with small intestinal
bacterial overgrowth. In: Eslick GD, ed. Gastrointestinal diseases and
their associated infections. St. Louis: Elsevier Inc 2019:67-83.

11. Shah A, Morrison M, Holtmann GJ. Gastroduodenal “dysbiosis”: a
new clinical entity. Curr Treat Options Gastroenterol 2018;16:591-604.

12. Feng X, Li XQ, Jiang Z. Prevalence and predictors of small intestinal
bacterial overgrowth in systemic sclerosis: a systematic review and meta-
analysis. Clin Rheumatol 2021;40:3039-3051.

13. Shah A, Jones MB, Holtmann GJ. Basics of meta-analysis. Indian J Gas-
troenterol 2020;39:503-513.

14. Page M]J, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BM]J
2021;372:n71.

15. Drossman DA, Thompson WG, Talley NJ, Funch-Jensen B, Janssens J,
Whitehead WE. Identification of sub-groups of functional gastrointesti-
nal disorders. Gastroenterology International 1990;3:159-172.

16. Thompson WG, Longstreth GE Drossman DA, Heaton KW, Irvine
EJ, Miiller-Lissner SA. Functional bowel disorders and functional ab-
dominal pain. Gut 1999;45(suppl 2):1143-1147.

17. Longstreth GE Thompson WG, Chey WD, et al. Functional bowel dis-

142 Journal of Neurogastroenterology and Motility


http://www.jnmjournal.org/
http://www.jnmjournal.org/

20.

2

—

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—

32.

33.

orders. Gastroenterology 2006;130:1480-1491.

. Stanghellini V, Chan FK, Hasler WL, et al. Gastroduodenal disorders.

Gastroenterology 2016;150:1380-1392.

. Munn Z, Moola S, Lisy K, Riitano D, Tufanaru C. Methodological

guidance for systematic reviews of observational epidemiological studies
reporting prevalence and cumulative incidence data. Int ] Evid Based
Healthc 2015;13:147-153.

Wells GA, Shea B, O’Connell D, Peterson J. The Newcastle-Ottawa
scale (NOS) for assessing the quality of nonrandomised studies in meta-
analyses. Available from URL: http://www.ohri.ca/programs/clinical
epidemiology/oxford.asp (accessed 27 Mar 2023).

. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin

Trials 1986;7:177-188.

Gemignani L, Savarino V, Ghio M, et al. Lactulose breath test to assess
orocecal transit delay and estimate esophageal dysmotility in scleroderma
patients, In: Seminars in arthritis and rheumatism. Elsevier 2013.

Kaye SA, Seifalian AM, Lim SG, Hamilton G, Blak CM. Ischaemia of
the small intestine in patients with systemic sclerosis: raynaud’s phenom-
enon or chronic vasculopathy? QJM 1994;87:495-500.

Kaye SA, Lim SG, Taylor M, Patel S, Gillespie S, Black DM. Small
bowel bacterial overgrowth in systemic sclerosis: detection using di-
rect and indirect methods and treatment outcome. Br J Rheumatol
1995;34:265-269.

Polkowska-Pruszynska B, Gerkowicz A, Rawicz-Pruszynski K,
Krasowska D. The role of fecal calprotectin in patients with systemic
sclerosis and small intestinal bacterial overgrowth (SIBO). Diagnostics
2020;10:587.

Savarino E, Mei E Parodi A, et al. Gastrointestinal motility disorder as-
sessment in systemic sclerosis. Rheumatology (Oxford) 2013;52:1095-
1100.

Shindo K, Machida M, Koide K, Fukumura M, Tamazaki R. Decon-
jugation ability of bacteria isolated from the jejunal fluid of patients with
progressive systemic sclerosis and its gastric pH. Hepatogastroenterology
1998;45:1643-1650.

Di Ciaula A, Covelli M, Berardino M, et al. Gastrointestinal symptoms
and motility disorders in patients with systemic scleroderma. BMC Gas-
troenterol 2008;8:7.

Cobden I, Axon AT, Ghoneim AT, McGoldrick J, Rowell N. Small
intestinal bacterial growth in systemic sclerosis. Clin Exp Dermatol
1980;5:37-42.

Zou H, De Palma G, Bercik B, Verdu E, Beattie K Larche M. Distinct
characteristics of the gut microbiome of patients with systemic sclerosis
and small intestinal bacterial overgrowth, In: Arthritis & Rheumatology
111 river st, Hoboken 07030-5774, NJ USA: Willey 2019.

. Parodi A, Sessarego M, Greco A, et al. Small intestinal bacterial over-

growth in patients suffering from scleroderma: clinical effectiveness of its
eradication. Am J Gastroenterol 2008;103:1257-1262.

Owyang C. Octreotide in gastrointestinal motility disorders. Gut
1994;35(3 suppl):S11-S14.

Wegener M, Adamek R], Wedmann B, Jergas M, Altmeyer P. Gastro-
intestinal transit through esophagus, stomach, small and large intestine in
patients with progressive systemic sclerosis. Dig Dis Sci 1994;39:2209-

Vol. 29, No. 2 April, 2023 (132-144)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48

49.

SIBO in Systemic Sclerosis

2215.

Tauber M, Avouac J, Benahmed A, et al. Prevalence and predictors of
small intestinal bacterial overgrowth in systemic sclerosis patients with
gastrointestinal symptoms. Clin Exp Rheumatol 2014;32(6 suppl 86):S-
82-87.

Soudah HC, Hasler WL, Owyang C. Effect of octreotide on intesti-
nal motility and bacterial overgrowth in scleroderma. N Engl J Med
1991;325:1461-1467.

Sawadpanich K, Soison B, Chunlertrith K; et al. Prevalence and associated
factors of small intestinal bacterial overgrowth among systemic sclerosis
patients. Int ] Rheum Dis 2019;22:695-699.

Marie I, Ducrotté B Denis B, Menard JE Levesque H. Small intesti-
nal bacterial overgrowth in systemic sclerosis. Rheumatology (Oxford)
2009;48:1314-1319.

Marie I, Leroi AM, Menard JE Levesque H, Quillard M, Ducrotte P
Fecal calprotectin in systemic sclerosis and review of the literature. Auto-
immunity Rev 2015;14:547-554.

Madrid Silva A, Vera DB, Sandoval A. Small intestinal bacterial over-
growth in rheumatic autoimmune diseases. Neurogastroenterol Motil
2020;32(suppl 1):A344.

Madrid AM, Soto L, Landskron G, Defilippi C, Cuchacovic M. Gas-
trointestinal motility involvement of systemic sclerosis in Chilean patients.
Neurogastroenterol Motil 2012;24(suppl 2):171-172.

Levin D, De Palma G, Zou H, et al. Fecal microbiome differs between
patients with systemic sclerosis with and without small intestinal bacterial
overgrowth. J Scleroderma Relat Disord 2021;6:290-298.
Garcfa-Collinot G, Madrigal-Santillin EO, Martinez-Bencomo MA,
et al. Effectiveness of saccharomyces boulardii and metronidazole for
small intestinal bacterial overgrowth in systemic sclerosis. Dig Dis Sci
2020;65:1134-1143.

Fynne L, Worsge J, Gregersen T, Schlageter V, Laurberg S, Krogh K.
Gastrointestinal transit in patients with systemic sclerosis. Scand ] Gastro-
enterol 2011;46:1187-1193.

Cruz-Dominguez MDB Garcia-Collinot G, Madrigal-Santillan EO, et
al. AB0657 small intestinal bacterial overgrowth in relation to gastrointes-
tinal symptoms in systemic sclerosis: BM] Publishing Group Ltd, 2017.
Chaudhary R, Kumar U, Saraya A, Sharma S, Seith A. P29 gastrointes-
tinal involvement in systemic sclerosis—a cross sectional study in Indian
population. Indian ] Rheumatol 2010;3:S21.

Brown M, Teubner A, Shaffer J, Herrick AL.. Home parenteral nutri-
tion--an effective and safe long-term therapy for systemic sclerosis-related
intestinal failure. Rheumatology 2008;47:176-179.

Bae S, Allanore Y, Furst DE, et al. Associations between a scleroderma-
specific gastrointestinal instrument and objective tests of upper gas-
trointestinal involvements in systemic sclerosis. Clin Exp Rheumatol
2013;31(2 suppl 76):57-63.

. Adarsh MB, Sharma SK, Dhir V] et al. Gastrointestinal manifestations of

systemic sclerosis—linical and investigative study of 50 patients. Indian J
Rheumatol 2014:S52.

Gough A, Andews D, Bacon PA; Emery P. Evidence of omeprazole-
induced small bowel bacterial overgrowth in patients with scleroderma.
Br ] Rheumatol 1995;34:976-977.

143


http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp

Ayesha Shah, et al

50.

51

52.

53.

54.

144

Grace E, Shaw C, Whelan K, Andreyev HJN. Review article: small
intestinal bacterial overgrowth--prevalence, clinical features, current and
developing diagnostic tests, and treatment. Aliment Pharmacol Ther
2013;38:674-688.

Gutierrez IM, Kang KH, Calvert CE, et al. Risk factors for small
bowel bacterial overgrowth and diagnostic yield of duodenal aspirates
in children with intestinal failure: a retrospective review. ] Pediatr Surg
2012;47:1150-1154.

Canani RB, Terrin G, Rapacciuolo L, et al. Faecal calprotectin as reliable
non-invasive marker to assess the severity of mucosal inflammation in
children with inflammatory bowel disease. Dig Liver Dis 2008;40:547-
553.

Hwang L, Low K, Khoshini R, et al. Evaluating breath methane
as a diagnostic test for constipation-predominant IBS. Dig Dis Sci
2010;55:398-403.

Shah A, Talley NJ, Jones M, et al. Small ntestinal bacterial overgrowth in
irritable bowel syndrome: a systematic review and meta-analysis of case-
control studies. Am | Gastroenterol 2020;115:190-201.

55.

56.

57.

58.

59.

60.

61.

Gandhi A, Shah A, Jones MD, et al. Methane positive small intesti-
nal bacterial overgrowth in inflammatory bowel disease and irritable
bowel syndrome: a systematic review and meta-analysis. Gut Microbes
2021;13:1933313.

Pimentel M, Saad R], Long MD, Rao SSC. ACG clinical guideline:
small intestinal bacterial overgrowth. 2020;115:165-178.

Cohen S. The gastrointestinal manifestations of scleroderma: pathogen-
esis and management. Gastroenterology 1980;79:155-166.

SuT, Lai S, Lee A, He X, Chen S. Meta-analysis: proton pump inhibi-
tors moderately increase the risk of small intestinal bacterial overgrowth. J
Gastroenterol 2018;53:27-36.

Weitsman S, Celly S, Leite G, et al. Effects of proton pump inhibitors on
the small bowel and stool microbiomes. Dig Dis Sci 2022;67:224-232.
Shah A, Gurusamy SR, Hansen T} et al. Concomitant irritable bowel
syndrome does not influence the response to antimicrobial therapy in pa-
tients with functional dyspepsia. Dig Dis Sci 2022;67:2299-2309.

Shah A, Holtmann G. Small intestinal bacterial overgrowth in inflamma-
tory bowel disease. Indian ] Gastroenterol 2022;41:23-29.

Journal of Neurogastroenterology and Motility



