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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 (CI) 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% 
CI, 33.1-47.1; P = 0.006), with considerable heterogeneity, (I2 = 76.00%, P < 0.001). As compared to controls, there was a 10-fold 
increased SIBO prevalence in SSc-patients (OR, 9.6; 95% CI, 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% CI, 0.46-2.20; P = 0.978). Diarrhea (OR, 5.9; 95% CI, 2.9-16.0; 
P = 0.001) and the association between SIBO in SSc and proton pump inhibitor use (OR, 2.3; 95% CI, 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% CI, 64.4-87.9]) vs 44.8% [95% CI, 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.1 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 
(lcSSc).2

Most patients with SSc (~90%) develop GI manifestations 
and may present with a variety of symptoms ranging from dry 
mouth, dysphagia to fecal incontinence.3 Most relevant small 
intestinal manifestations in SSc include small intestinal bacterial 
overgrowth (SIBO), pseudo-obstruction, malabsorption, and 
pneumatosis cystoides intestinalis.4 SIBO is a disorder, associated 
with a variety of symptoms, when ≥ 105 colony forming units per 
millilitre (CFU/mL) of bacteria (typically found in the colon) are 
found in culture of jejunal aspirates. However, concentrations ≥ 
105 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 103 CFU/mL5,6 
and more recently a bacterial concentration of ≥ 103 CFU/mL is 
considered as the cut off criteria for diagnosing SIBO.7 Tradition-
ally, culture-based approach is the gold standard for the diagnosis of 
SIBO.8 However, besides being invasive, culture-based techniques 
for diagnosing SIBO have several limitations6 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.9 All this has questioned their suitability as diagnostic tests 

in the clinical setting.10,11 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.12 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).13,14 Compliant with existing standards the 
study-protocol for this SRMA has been registered (PROSPERO, 
CRD42021274206).

Search Strategy
Available electronic databases, (MEDLINE [Ovid], EM-
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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 lcSSc/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 lcSSc/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 

of Rheumatology and the European League Against Rheumatism 
2013 criteria or the former ACR 1980 diagnostic criteria15-18 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 (V.P. 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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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 tools19 was utilized, while the 
Newcastle-Ottawa scale (NOS)20 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 (lcSSc/
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.21 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-
quent meta-analysis. Eleven out of 28 studies22-32 were case-control 
studies while 1733-49 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 
(I2 = 76.00%, P < 0.001) while funnel plot inspection suggested 
potential asymmetry (Supplementary Fig. 2) and results of the Eg-

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 criteriaa.
• �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 SIBOb.
• Participants not specially selected.

aAmerican College of Rheumatology/European League Against Rheumatism criteria15-18 or formerly known as the American Rheumatism Association Diagnostic 
and Therapeutic Criteria Committee.
bLactulose breath test, glucose breath test, or jejunal aspirate and culture (or any combination of these).
SSc, systemic sclerosis; SIBO, small intestinal bacterial overgrowth.
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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.22-29,31 The remaining 2 
studies did not report SIBO prevalence in controls, and were not 
included in further analysis.30,32 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 (I2 = 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 5). 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 (I2 = 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 (I2 = 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 
[GBT], 9 lactulose breath test [LBT], and 2 BT without specified 
substrates) and 4 studies (all case-control studies) utilized jejunal 

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 (I2 = 78.45%, P < 
0.001). In addition, the funnel plot suggested overall asymmetry 
(Supplementary Fig. 5), 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 (I2 = 
82.42%, P < 0.001) and LBT (I2 = 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 (I2 = 35.7%, P = 0.198).

Four case-control studies utilizing jejunal aspirate, used a cut 
off ≥ 105 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 
(I2 = 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, (I2 = 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 lcSSc as compared to dcSSc (OR, 1.01; 95% CI, 0.46-2.20; P = 
0.978) (Supplementary Fig. 6), with moderate heterogeneity noted 
for this analysis (I2 = 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, (I2 = 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.34,36,37 All 3 found statistically signifi-
cantly association between disease duration and SIBO prevalence in 
SSc-patients.34,36,37 

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).34,36,37 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).34,36 In contrast, Marie et al,37 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)34,36,37,41 were similar in both SSc-patients with and 
without SIBO, except for one study,34 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)34,36,37,42 and SIBO, except 1 study34 found significantly 
increased pulmonary arterial hypertension but not interstitial lung 
disease in SIBO positive SSc-patients. Two studies25,38 found sig-
nificantly higher FC levels (> 200 μg/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 (I2 = 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 (I2 = 44.40%, P = 0.126) in the analy-
sis.23,24,29,33,36,37,44 Further 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.36,37,44 There was substantial heterogeneity noted in the anal-
ysis (I2 = 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 bloating37,44 (84.8% [95% 
CI, 73.9-92.4] vs 60.4% [95% CI, 46.0-73.5]), dyspepsia29,36 
(63.2% [95% CI, 38.3-83.7] vs 22.2% [95% CI, 14.1-32.2]), and 
abdominal pain37 (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 dysphagia36 (66.7% [95% CI, 34.8-90.1] vs 37.7% 
[95% CI, 26.8-49.4]) and weight loss24,29 (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. Rifaximin22,25,31 was almost twice 
as effective as compared to rotating antibiotic therapy34,37,38 (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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on antibiotic related adverse events, in 2 out of 4 studies,31,37 none 
of the patients developed any side effects. In one study,34 1 patient 
treated with rotating antibiotic developed pseudomembranous 
colitis, leading to antibiotic discontinuation while in another study42 

12/26 (46.1%) patient reported mild GI symptoms. 
Two studies evaluated the efficacy of antimicrobial therapy on 

SIBO in SSc-patients on FC.25,38 One study38 found a statistically 
significant reduction in FC post SIBO eradication with antibiotic 
therapy while in the other study25 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% CI, 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% CI, 16-28.8) (Supplementary Table 11). 
Moderate heterogeneity among the studies included in these analy-
ses was found (I2 = 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% CI, 5.6-16.5). Conversely, no significant difference in SIBO 
prevalence rates between different SSc sub-types, namely lcSSc 
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,50 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,51 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.52 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 LBT 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.53-55 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 SIBO.56 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 is likely to influence the outcomes this meta-analysis. 

SSc-patients frequently have severe motility disturbance of the 
esophagus, manifesting with heartburn, dysphagia, and regurgita-
tion57 requiring treatment with PPI. A meta-analysis published by 
Su et al58 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.59 
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% CI, 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, 

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,32,35 treatment of 
SIBO in SSc with octreotide, exerting a prokinetic effect,32 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 
FGIDs60 and IBD.61 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.42 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-analysis12 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 lcSSc 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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