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Factors That Affect Prevalence of Small Intestinal
Bacterial Overgrowth in Chronic Pancreatitis: A
Systematic Review, Meta-Analysis, and Meta-Regression
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OBJECTIVES: Small intestinal bacterial overgrowth (SIBO) can complicate chronic pancreatitis (CP) and interfere
with management. Its predisposing factors in CP and treatment response are unknown. In this review,

we evaluated factors affecting disease burden.

METHODS: A computerized search of PubMed and EMBASE databases from inception through May 2019 was
done for studies correlating SIBO with CP. Studies were screened, and relevant data were extracted
and analyzed. Pooled prevalence, odds ratio (OR), and meta-regression were performed using the
random effects model as classically described by Borenstein et al. (2009). SIBO’s relation to diabetes
mellitus (DM), pancreatic exocrine insufficiency (PEI), narcotic use, and proton-pump inhibitor use
was investigated. Treatment response was pooled across studies. Pvalue < 0.05 was considered

significant.

RESULTS: In 13 studies containing 518 patients with CP, SIBO prevalence was 38.6% (95% confidence interval
[CI125.5-53.5). OR for SIBO in CP vs controls was 5.58 (95% Cl 2.26-13.75). Meta-regression

showed that PEIl and the diagnostic test used were able to explain 54% and 43% of the variance in SIBO
prevalence across studies, respectively. DM and PEI were associated with increased SIBO in CP with OR
(2.1, 95% ClI 1.2-3.5) and OR (2.5, 95% CI 1.3-4.8), respectively. Symptomatic improvement was

reported in 76% of patients after SIBO treatment.

DISCUSSION: SIBO complicates 38% of CP with OR of 5.58 indicating a predisposition for this condition. PEI
correlates with SIBO in CP and might play a role in pathophysiology. DM and PEI are associated with

increased SIBO in CP. Treatment of SIBO may lead to symptomatic improvement.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A93
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INTRODUCTION

Chronic pancreatitis (CP) is an inflammatory disorder involving
injury and scarring of the pancreatic exocrine gland, which can
also affect endocrine components. It has a global incidence of 10
per 100,000 population (1). CP results in a variety of signs and
symptoms, including abdominal pain, weight loss, bloating, ste-
atorrhea, malabsorption, and diarrhea. CP complications include
pancreatic exocrine insufficiency (PEI), postpancreatitis diabetes
mellitus (DM), and pancreatic cancer. Management of CP is
challenging with multiple modalities targeting symptoms and
malnutrition through pain management, pancreatic enzyme

replacement therapy (PERT), and, in severe cases, surgery in-
cluding total pancreatectomy. Despite advancements in CP
treatment, 43% of patients do not respond to conventional
therapy (2).

Recent evidence suggests that pancreatic exocrine dysfunction
is a major determinant of intestinal microbiota (3). Changes in
the gut microbial composition have been linked to a wide array of
disorders spanning infectious (4), autoimmune (5), functional
(6), neoplastic (7), and gastrointestinal (GI) pathologies. Multiple
reports have linked CP to microbial dysbiosis, mainly small in-
testinal bacterial overgrowth (SIBO). SIBO has classically been
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linked to blind-loop-producing GI surgeries; the resulting com-
bination of altered anatomy, altered motility, hypochlorhydria,
and exposure to colonic contents creates a favorable environ-
ment for bacterial proliferation (8). SIBO is associated with
inflammatory bowel disease (9,10), neurological disorders
(11,12), celiac disease (13), and irritable bowel syndrome (14).
SIBO symptoms include abdominal pain, bloating, diarrhea,
and malabsorption, which overlap with CP and make the di-
agnosis and management of SIBO in CP all the more difficult.
Although Capurso et al. (15) showed in 2016 that SIBO affects
36% of patients with CP, we noted a high level of heterogeneity
in the reported SIBO prevalence. In addition, their review lacked
an analysis of SIBO’s response to treatment or of risk factors for
SIBO in CP. Moreover, we found that 3 additional studies
(16-18) had been published on this subject since then. There-
fore, we performed a comprehensive systematic review and
meta-analysis employing rigorous statistical analysis using
meta-regression models to explain heterogeneity, determine
factors affecting disease prevalence, and response to treatment
of SIBO in CP.

METHODS

Eligibility criteria

The primary criterion for eligibility was the availability of data on
SIBO incidence in clinically diagnosed CP/PEI. Although con-
founding factors such as alcohol and narcotic use were often
reported, because of sparsity of data, studies that did not statis-
tically account for confounders were included. No restrictions
were applied on study design, including CP definition adopted by
investigators. Adequate description of diagnostic technique of CP
(clinical history, imaging and functional studies) and PEI (stool
elastase/fat excretion) was required. Adequate description of
SIBO diagnosis was required. Neither time period nor language
had effect on eligibility. Conference abstracts were considered
ineligible.

Search technique

A computerized search of the MEDLINE and EMBASE data-
bases from inception to May 2019 was performed. Search terms
were as follows: chronic pancreatitis, pancreatic exocrine in-
sufficiency, breath tests, small intestine, bacterial infections,
bacterial overgrowth, lactulose hydrogen, glucose hydrogen,
and jejunal aspirate. Duplicates were excluded. Abstracts of
remaining articles were reviewed. Unrelated articles were ex-
cluded. The remaining articles were reviewed in detail for eli-
gibility criteria.

Data extraction

For each study, data were extracted on year published; study
design; number of patients/controls; participant age and sex;
etiology of CP; method of CP diagnosis; prevalence of DM,
alcohol, proton-pump inhibitor (PPI), and narcotic use; sur-
gical history; PERT; control group characteristics; SIBO di-
agnostic test description, including substrate dose, test
duration, sampling intervals, and positive test criteria; SIBO
treatment; and treatment outcomes. Finally, SIBO prevalence
in both CP and controls was extracted. Study quality was
assessed using the Newcastle-Ottawa scale (NOS) for cross-
sectional and case-control studies. Cutoft of 6 or higher was
considered good quality, whereas <6 was considered poor
quality.
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Statistical analysis

Pooled prevalence of SIBO in multiple subsets of patients with
CP was calculated. Random effects model was used to calculate
pooled prevalence estimates with 95% confidence intervals (ClIs).
Heterogeneity was assessed using the I? measure and the Cochran
Q-statistic. Odds ratio (OR) of SIBO in CP compared with
controls was calculated based on events/total ratios of both
groups. The following stratified analyses were conducted to ad-
dress sources of heterogeneity and determine factors affecting
SIBO prevalence in CP: (i) PEL (ii) DM, (iii) PERT use,
(iv) alcoholic CP, (v) mean age, (vi) SIBO diagnostic method,
(vii) surgical history, (viii) study quality per NOS, (ix) PPI use,
and (x) narcotic use. Meta-regression was performed as classi-
cally described (19) using (i)-(iii) (above) as covariates in logistic
regression models aimed at uncovering correlations between
such covariates and SIBO prevalence, which might explain
heterogeneity. Publication bias was assessed for using the Begg
and Mazumdar test. Statistical analysis was performed using the
software programs Comprehensive Meta-Analysis version
3.3.070 (Biostat, Englewood, NJ) and Review Manager (RevMan)
version 5.3.5 (The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014, Copenhagen, Denmark).

RESULTS

Our search identified 2,236 references. Initial screening included
review of titles to exclude duplicates, and subsequently, abstracts
were screened for relevance. A total of 2,192 studies were ex-
cluded as duplicates, conference abstracts, or unrelated to the
review subject. This resulted in 44 studies that were reviewed in
detail, 13 of which met our eligibility criteria. Only 8 studies
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Figure 1. Flow diagram of reference allocation. CP, chronic pancreatitis;
SIBO, small intestinal bacterial overgrowth.
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compared SIBO event rates in CP vs controls and were included
in the comparative analysis (Figure 1).

Study breakdown

The studies were conducted in 11 countries; 6 European, 2 Asian,
1 South American, and 2 North American. They were published
between 1985 and 2019. Twelve studies were published in En-
glish, 1 in Russian (20), and 1 in Spanish (21). Ten case-control
and 3 cross-sectional studies examining 518 patients with CP and
372 controls were included. Study characteristics are depicted in
Table 1. Three studies included CP patients with a history of
gastroduodenal or pancreatic surgery (gastrectomy, vagotomy,
pancreaticoduodenectomy, and Puestow procedure) (21-23),
and 2 of those also included surgical patients in the control group
(22,23). Eight studies used glucose hydrogen breath test (GHBT),
4 used lactulose hydrogen BT (LHBT), and 1 used jejunal aspirate
culture. Three studies combined breath methane with LHBT/
GHBT (16,24,25). Test techniques are listed in Table 2. CP di-
agnostic method is listed in Table S2 (see Supplementary Digital

Table 1. Study characteristics

Sex
Patients (male  Age Alcoholic
Study Year Country (n) %) (yrs) CP (%)
Leeetal. (16)? 2019 United 98 50 w519 NR
States
Ni 2018 Ireland 35 67 wb1.7 45.3
Chonchubhair
etal. (17)
Kim etal. (24)® 2015 South 36 778 wnb23 78.9
Korea
Therrien 2015 Canada 31 71 w53.8 419
etal. (18)2
Kumar 2014 India 68 70.6 336 32.3
etal. (27)
Signoretti 2014 ltaly 43 55.8 w54 39.5
etal. (31)
Grigor'eva 2010 Russia 102 34.3 w b5 NR
et al. (20)
Mancilla 2008 Chile 14 78.5 w49 50
etal. (21)
Madsen 2003 Denmark 11 100 M 46 100
et al. (25)
Trespi and 1999 ltaly 35 74.2 w53 54.3
Ferrieri (23)?
Casellas 1998 Spain 15 73.3 wbl 73.3
etal. (22)
Bang Jgrgensen 1991 Denmark 10 NR NR NR
etal. (26)
Lembcke 1985 Germany 20 NR NR 90
etal. (59)

Content 1, http://linkslww.com/CTG/A93). The individual
studies found no association between patient-age, sex, or PEI and
SIBO prevalence. Only 2 studies (16,17) found DM and PERT to
be more prevalent in SIBO patients. Nine of 13 studies were of
high quality on the NOS, and the remaining 4 were considered of
poor quality (Table S1, see Supplementary Digital Content 1,
http://links.lww.com/CTG/A93). Sensitivity analysis excluding
poor-quality studies did not significantly alter analysis results.

Prevalence of SIBO in CP

The studies reported prevalence in a range from 0%-93%.
Pooled prevalence of SIBO in CP across the 13 included studies
was 38.6% (95% CI 25.5%-53.5%) with considerable heteroge-
neity (I* = 87%) (Figure 2a) compared with 9.9% (95% CI
4.9%-19%) in controls. The studies were subgrouped based on
the inclusion of subjects with a GI surgical history. Pooled
prevalence was 34.6% (95% CI 20.7%-51.8%) in nonsurgical
studies and 54.2% (95% CI 23.3%-82.2%) in surgical ones
(Figure 2b). When subgrouping based on the diagnostic test

Narcotic DM Previous PERT Controls Control
use (%) PEl (%) surgery (%) (%) (n) characteristics
387 255 449 0 58.2 None —
33 100 45.7 0 86 31 Healthy
0 NR 66.6 0 52 49 Healthy
NR NR 12.9 0 51.6 40 Healthy
58.8 317 35 NR 66.2 74 Healthy
NR 395 41.8 0 62.8 43 Unspecific GI Sx
NR 70.6 NR 0 NR None —
NR 100 28.5 21.4 64 14 Healthy
54.5 100 45 0 90 11 Healthy
NR 100 14.3 314 100 61 Gastric resection
NR 100 66.6 66 100 39 Immunodeficient/
Gastroduodenal
surgery
NR 100 NR 0 0 10 Healthy
NR 95 40 0 NR None —

1, mean; CP, chronic pancreatitis; DM, diabetes mellitus; G, gastrointestinal; M, median; NR, not reported; PEI, pancreatic exocrine insufficiency; PERT, pancreatic

enzyme replacement therapy; Sx, symptoms.
2Included in comparative analysis.
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Table 2. Diagnostic technique

Substrate Test duration Sample intervals

Study Year Test dose (min) (min) Cutoff for the diagnosis of SIBO

Lee etal. (16) 2019 GHBT/CH,4 50 g 120 20 H, = 12 ppm compared to baseline

Ni Chonchubhair 2018 GHBT 50g 120 20 H, = 12 ppm compared to baseline twice

etal. (17)

Kim et al. (24) 2015 LHBT/CH,4 10g 180 15 H, = 20 ppm or CH, = 10 ppm compared
to baseline or H, = 20 pmm or CH,; = 10
ppm

Therrien et al. (18) 2015 LHBT 10g 180 15 H, > 20 ppm compared to baseline or 2
peaks > 13 ppm, one of which before 90
min or 2 tests with baseline >20 ppm

Kumar et al (27) 2014 GHBT 100 g 180 15 H, = 12 ppm compared to baseline

Signorettietal. (31) 2014 GHBT 50 g 120 20 Ho = 12 ppm compared to baseline or >20
at baseline

Grigor'eva et al. (20) 2010 LHBT NR NR NR H> = 20 ppm compared to baseline

Mancilla et al. (21) 2008 LHBT 25 mg 180 10 H> > 20 ppm compared to baseline or >22
in 60 min

Madsen et al. (25) 2003 GHBT/CH,4 NR 360 15 H, = 12 ppm compared to baseline

Trespi and Ferrieri 1999 GHBT 50g 180 30 H, > 20 ppm compared to baseline

(23)

Casellas et al. (22) 1998 GHBT 50g 180 15 H, > 10 ppm compared to baseline

Bang Jgrgensen 1991 Culture of jejunal — — — >10° CFU

etal. (26) aspirate

Lembcke etal. (59) 1985 GHBT/14C-CGBT 50¢g NR NR H, > 20 ppm compared to baseline

CFU, colony-forming unit; CGBT, cholylglycine breath test; GHBT, glucose hydrogen breath test, LHBT, lactulose hydrogen breath test; NR, not reported; SIBO, small

intestinal bacterial overgrowth.

used, pooled prevalence in 8 studies using GHBT was 26.7%
(95% CI 18.0%-37.7%) compared with 65.3% (95% CI
38.1%-85.1%) in the 4 studies using LHBT (Figure 2¢). The one
study using jejunal aspirate cultures showed a prevalence of 50%
(26). To further understand the sources of heterogeneity be-
tween studies, we performed a meta-regression analysis taking
into account covariates such as surgical history of subjects,
number of patients with PEI, DM, PERT, alcoholic etiology of
CP, age, and diagnostic test used. Only “number of patients with
PEI” and “diagnostic test used” were able to explain the observed
variance. Meta-regression models of these 2 covariates were able
to explain 55% and 43% of the variance in prevalence between
the studies, respectively (Figure 3a,b).

A sensitivity analysis excluding studies with surgical patients
was performed; 8 studies remained and showed a significant
correlation of SIBO prevalence with number of patients with PEL.
This model was able to explain 71% of variance (Figure 3c).

Factors affecting SIBO in CP

Eight studies evaluated the effect of DM on SIBO in CP and found
it was associated with increased SIBO with OR (2.1, 95% CI
1.2-3.5) (Figure 4a). After stratification by the diagnostic test
used, DM was found to be associated with increased SIBO in
patients tested with GHBT only and not in those tested with
LHBT. Four studies evaluated the effect of PEI on SIBO in CP, and
it was associated with increased SIBO with OR (2.5, 95% CI

Clinical and Translational Gastroenterology

1.3-4.8) (Figure 4b). Further analysis of studies evaluating the
effects of PPI, narcotic use, and PERT did not yield significant
increase in SIBO (Figure S2A-C, see Supplementary Digital
Content 1, http://links.lww.com/CTG/A93).

SIBO in CP compared with controls

Eight studies compared the event rate of SIBO in CP with controls
and were included in this analysis. The OR for a positive test in CP
vs controls was 5.58 (95% CI 2.26-13.75) (I> = 60%) (Figure 5a).
Subgroup analysis showed an OR of 16.6 (95% CI 1.33-206.69)
(I* = 81%) for SIBO in CP in 3 studies using LHBT, compared
with 3.2 (95% CI 1.38-7.42) (I* = 30%) in 5 studies using GHBT
(Figure 5b,c). Upon subgrouping based on surgical history, 3
studies using patients with a surgical history showed an OR of
10.86 (95% CI 0.90-131.72) (I* = 79%), whereas 5 studies ex-
cluding patients with a surgical history yielded an OR of 4.61
(95% CI 1.67-12.73) (I> = 50%) (Figure 5d,e).

Publication bias was assessed for using 2 funnel plots (Figure
S1, see Supplementary Digital Content 1, http://links.lww.com/
CTG/A93) and the Begg and Mazumdar test. No publication bias
was found.

Clinical presentation and response to treatment

All studies except that by Madsen et al. (25) reported symptoms in
the SIBO group refractory to PERT. Five studies reported a trial of
antibiotics, 3 studies used rifaximin (17,23,27), Casellas et al. (22)
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d. Pooled Prevalence of SIBO in CP across studies

Study name Year Statistics for each study Event rate and 95% CI

Event Lower Upper

rate limit limit Z-Value p-Value

Madsen 2003 0.042 0.003 0425 2,170 0.030 -
Ni Chonchubhair 2018 0.143 0.061 0300 -3.709 0.000 -
Kumar 2014 0.147 0.081 0.252 -5.134 0.000 -
Signoretti 2014 0.209 0.113 0.356 -3.546 0.000 ——
Trespi 1999 0343 0.206 0512 -1.827 0.068 —i—
Therrien 2015 0387 0.235 0.565 -1.246 0213 ———
Casellas 1998 0.400 0.192 0.652 -0.769 0.442 —m—
Lembcke 1985 0.400 0214 0.620 -0.888 0.374 —;——
Lee 2019 0.408 0316 0508 -1.808 0.071 —
Kim 2015 0472 0317 0.633 -0.333 0.739 l
Jorgensen 1991 0.500 0.225 0.775 0.000 1.000
Grigoreva 2010 0.794 0.705 0.862 5513 0.000 —-
Mancilla 2008 0929 0.630 0.990 2472 0013 —

0386 0255 0535 -1.510 0.131 e

Heterogeneity: 0.00 0.50 1.00

Q=94.0 df(Q)=12 p=0.000 =87.2% Tau=0.97

Random effects analysis

b. Pooled Prevalence based on surgical history of examined patients

Group by Study name Year Statistics for each study Event rate and 95% CI
Surgical Hx. Event Lower Upper
rate limit limit Z-Value p-Value
Negative Madsen 2003 0.042 0.003 0.425 -2.170 0.030 =
Negative Kim 2015 0.472 0.317 0.633 -0.333 0.739 —
Negative Jorgensen 1991 0.500 0.225 0.775 0.000 1.000 . —
Negative Grigoreva 2010 0.794 0.705 0.862 513 0.000 ——
Negative Ni Chonchubhair 2018 0.143 0.061 0.300 -3.709 0.000 -
Negative Kumar 2014 0.147 0.081 0.252 -5.134 0.000 —
Negative Signoretti 2014 0.209 0.113 0.356 -3.546 0.000 ——
Negative Therrien 2015 0.387 0.235 0.565 -1.246 0.213 —
Negative Lembcke 1985 0.400 0214 0.620 -0.888 0.374 — =
Negative Lee 2019 0.408 0.316 0.508 -1.808 0.071 —=—
Negative P =89.5% 0346 0207 0518 -1.757  0.079 "
Positive Mancilla 2008 0.929 0.630 0.990 2472 0.013 —
Positive Trespi 1999 0343 0206 0512  -1827  0.068 —il—
Positive Casellas 1998 0.400 0.192 0.652 -0.769 0.442 —— -
Positive P=768% 0542 0233 0822 0242 0809 e —
Heterogeneity: !

'=87.2 % Tau’=0.97 0.00 0.50 1.00

Q=94.0 df(Q)=12 p=0.000 T

Random effects analysis
C. Pooled Prevalence based on the diagnostic test used
Study name Year Statistics for each study Event rate and 95% CI

Dx. test

Event Lower Upper

rate limit limit Z-Value p-Value
GHBT Madsen 2003 0.042 0.003 0.425 -2.170 0.030 ~
GHBT Ni Chonchubhair 2018 0.143 0.061 0.300 -3.709 0.000 S
GHBT Kumar 2014 0.147 0.081 0.252 -5.134 0.000 i —
GHBT Signoretti 2014 0.209 0.113 0.356 -3.546 0.000 ———
GHBT Trespi 1999 0.343 0.206 0.512 -1.827 0.068 — =1
GHBT Casellas 1998 0.400  0.192  0.652  -0.769 0.442 =
GHBT Lembcke 1985 0.400 0.214 0.620 -0.888 0.374 e
GHBT Lee 2019 0.408 0.316 0.508 -1.808 0.071 ——
GHBT P =687% 0.267 0.180 0.377 -3.916 0.000 -
Jejunal Cx Jorgensen 1991 0.500 0.225 0.775 0.000 1.000
Jejunal Cx P=0% 0.500 0.225 0.775 0.000 1.000
LHBT Therrien 2015 0.387 0.235 0.565 -1.246 0.213 —
LHBT Kim 2015 0.472 0.317 0.633 -0.333 0.739 [ — .
LHBT Grigoreva 2010 0.794 0.705 0.862 51513 0.000 ——
LHBT Mancilla 2008 0.929 0.630  0.990 2472 0.013 e
LHBT I =388.4% 0.653 0381  0.851 1.107  0.268 e

Heterogeneity:
Q=94.0 df(Q)=12 p=0.000 P=87.2% Tau’=0.97 0.00 0.50 1.00

Random effects analysis

Figure 2. PP of SIBO in CP data: (@) Shows PP across the 12 included studies. (b) Shows PP in studies subgrouped by inclusion of patients with a surgical history
concomitant with CP. As indicated by overlap in Cl, there was no significant difference between PP in studies which included CP patients with a surgical history
and those which excluded surgical patients. (¢) Shows PP in studies subgrouped by the diagnostic test used. As indicated by nonoverlap in Cl, the use of LHBT
results in a significantly higher PP of SIBO in CP than GHBT (* P < 0.05). Cl, confidence interval; CP, chronic pancreatitis; GHBT, glucose hydrogen breath test;
LHBT, lactulose hydrogen breath test; PP, pooled prevalence; SIBO, small intestinal bacterial overgrowth.
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a
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-~ 5. 1 - 1. if Diagnostic test =
Error  lower  Upper P-value Set 05656 if Dingmostic test = LHBT
Intercept 0 0.98 1291 4891 0 1 4.0
Q=9.07, df=2, |
GHBT -1.035 1.025 -3.04 0.98 -1.01 0.31 p=0.01 3.0
LHBT 0566  1.071 -1.53  2.66  0.53 0.60 Q=9p'f;'odlf=z' £ 20 1 0
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R? for Diagnostic test, Random effects (MM), Z-Distribution, Logit event rate s 1.0 _
£ - —_—
Total variance in true effects (a) 2 0.0 an A
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: . std 95% 95% 2-sided 5
Covariate Coefficient Z-value
Error Lower Upper P-value 4 1 / =-1.9189
Intercept -1.92 0.5264 -2.9507 -0.89 -3.65 0.0003 Bl +0.0402 * PEI
PEI 0.04 0.01 0.01 0.07 2.84 0.0045
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e J
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1.4622 ' £ 0]
| g2 = Explained (c) = 1.0433 e E 1
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o -2
-
-3 1
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-6
Meta-regression depicting the effect of number of patients 0 0 20 30 40 S0 6 70 80
with PEl on SIBO event rate upon exclusion of surgical studies. PEI

Figure 3. Meta-regression results for PP analysis: (a) Meta-regression exploring the relationship between the SIBO event rate in CP and number of patients
with PEI. As indicated in the accompanying table, correlation was not statistically significant. Despite that, the regression model was able to explain 54% (R?)
of between-study variance in PP. (b) Meta-regression exploring the relationship between the SIBO event rate and the diagnostic test used. As indicated in the
accompanying table, the correlation was statistically significant. The logistic regression model was able to explain 43% (R?) of between-study variance in PP.
(c) Meta-regression exploring the relationship between the SIBO event rate in CP and number of patients with PEI after exclusion of studies with surgical
patients. As indicated in the accompanying table, the correlation was statistically significant and able to explain 71% (R?) of between-study variance in PP.
R2 calculation: (a) To compute the total variance (of all studies about the grand mean), we run the regression with no covariates. (b) To compute the variance
not explained by the model (of all studies about the regression line), we run the regression with the covariates. (c) The difference between these values gives
us the variance explained by the model. CP, chronic pancreatitis; GHBT, glucose hydrogen breath test; LHBT, lactulose hydrogen breath test; PEI, pancreatic
exocrine insufficiency; PP, pooled prevalence; SIBO, small intestinal bacterial overgrowth.
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a. DM is associated with increased SIBO in CP

Group by Study name Year Statistics for each study Odds ratio and 95% CI
D test Odds Lower Upper
ratio limit limit Z-Value p-Value
GHBT Casellas 1998 1.000 0.112 8947 0.000  1.000
GHBT Trespi 1999 1333 0.191 9311 0290 0.772
GHBT Kumar 2014 3.333 0837 13277 1707  0.088 o
GHBT Signoretti 2014 2.019 0457 8920 0927 0.354 »
GHBT Ni Chonchubhair 2018 4.000 0.399 40.105  1.179  0.239
GHBT Lee 2019 2.850 1239 6.553 2465 0.014 L]
GHBT P=0% 2479 1402 4383 3.123  0.002 i
LHBT Therrien 2015 0482 0.044 5279 -0.597  0.550 =
LHBT Kim 2015 1222 0327 4.565 0298  0.765 '
LHBT = 0% 0984 0310 3.122 -0.027 0979 R
Overall 2069 1241 3448 2788  0.005 | ¢
Heterogeneity: 0.1 0.2 05 1 2 5 10
Q=4.0 df(Q)=7 p=0.78 I’=0% Tau?=0.0 No DM M

Random effects analysis

b. PEI is associated with increased SIBO in CP

Dx. test Study name Year Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio limit limit Z-Value p-Value
GHBT Lee 2019  2.880 1.131 7.335 2218 0.027 .
GHBT Ni Chonchubhair 2018 2918 0.142  59.888 0.695 0.487 L
GHBT Kumar 2014 1.750 0.436 7.026 0.789 0.430 L
GHBT Signoretti 2014 2.292 0.516  10.180 1.090 0.276 L]
Overall 2450 1252 4793 2617 0.009 ’
Toogemeity: 0.1 0.2 0.5 1 2 5 10

Q=0.36 df(Q)=3 p=0.95 P=0% Tau>=0.0

No PEI PEI

Random effects analysis

Figure 4. Factors affecting SIBO in CP: (a) DM was associated with increased SIBO in CP. (b) PEIl was associated with increased SIBO in CP. Cl, confidence
interval; CP, chronic pancreatitis; DM, diabetes mellitus; GHBT, glucose hydrogen breath test; LHBT, lactulose hydrogen breath test; PEI, pancreatic exocrine

insufficiency; SIBO, small intestinal bacterial overgrowth.

used doxycycline followed by metronidazole, and Lee et al. (16)
used an unspecified antibiotic regimen (Table 3). We pooled the
data from these studies to show that 86% of patients treated with
rifaximin showed symptomatic improvement compared with
40% of those treated with doxycyline and metronidazole
(Figure 6).

DISCUSSION

This meta-analysis provides the latest evidence on the association
between SIBO and CP. Although SIBO prevalence was highly
heterogeneous, it was more likely to be present in patients with CP

American College of Gastroenterology

than controls with an OR of 5.58 (95% CI 2.26-13.75). The type of
the diagnostic test used significantly affected SIBO prevalence
with LHBT, showing a higher prevalence than GHBT. Studies
including patients with a surgical history had higher SIBO
prevalence, although this was not statistically significant. We
found DM and PEI to be associated with significant increases in
SIBO in CP. In addition, we note that PEI correlates with SIBO
prevalence and explains 54%-71% of the heterogeneity noted
(Figure 3a-c). We found symptomatic improvement in 86% of
patients treated with rifaximin compared with 40% of those
treated with doxycycline and metronidazole (Figure 6),
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a. Pooled OR

cP Control Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Casellas 1998 6 15 1 15 95% 9.33(0.96, 90.94]
Kim 2015 17 36 13 49 193% 2.48(1.00,6.16) —
Kumar 2014 10 68 1 74 105% 12.59[1.57,101.18] —
Mancilla 2008 13 14 1 14 7.0% 169.00(9.52, 2999.92) ——t
Ni Chonchubhair 2018 5 35 0 N 6.8% 11.36 [0.60, 214.37) o T
Signoretti 2014 9 43 6 43 17.4% 1.63[0.53,5.07) =t
Therrien 2015 12 31 1 40 10.4% 24.63 [2.98, 203.66] —_——
Trespi 1999 12 35 13 61 191% 1.93(0.76,4.89) T
Total (95% CI) 277 327 100.0% 5.58 [2.26, 13.75] <
Total events 84 36
Heterogeneity: Tau®= 0.88; Chi*=17.63, df=7 (P = 0.01), F=60% t + t +
Testfor overall effect Z= 3.74 (P = 0.0002) 0.008 O sl cp 200
b. OR in studies using GHBT

cP Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, 95% CI
Casellas 1998 6 15 1 15 11.4% 9.33(0.96, 90.94) T
Kim 2015 17 36 13 43 0.0% 2.481.00,6.16)
Kumar 2014 10 68 1 74 132% 12.59(1.57,101.18] ——
Mancilla 2008 13 14 1 14 0.0% 169.00(9.52,2999.92)
Ni Chonchubhair 2018 5 35 0 kil 7.3% 11.36 (0.60, 214.37) ———
Signoretti 2014 9 43 6 43 306% 1.63[0.53,5.07] T
Therrien 2015 12 3 1 40  0.0% 24.63 [2.98, 203.66)
Trespi 1999 12 35 13 61 37.5% 1.93(0.76, 4.88] T
Total (95% Cl) 196 224 100.0% 3.20[1.38,7.42] -
Total events 42 21
Heterogeneity: Tau®= 0.27; Chi*= 5.70, df= 4 (P = 0.22); F= 30% + + 1 +
Test for overall effect: Z= 2.71 (P = 0.007) 0.005 ujCon(rOI cp 19 200
C. OR in studies using LHBT

cp Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Casellas 1998 6 15 1 15 0.0% 9.33[0.96, 90.94]
Kim 2015 17 36 13 43 401% 2.48(1.00,6.16) -
Kumar 2014 10 68 1 74 00% 12.59(1.57,101.18]
Mancilla 2008 13 14 1 14 27.3% 169.00(9.52, 2999.92] —_—
Ni Chonchubhair 2018 5 35 0 31 0.0% 11.36(0.60, 214.37)
Signoretti 2014 9 43 6 43 0.0% 1.63(0.53,5.07)
Therrien 2015 12 il 1 40 326% 2463 (2.98, 203.66] _—
Trespi 1999 12 35 13 61 0.0% 1.93[0.76, 4.88]
Total (95% CI) 81 103 100.0%  16.59 [1.33, 206.69] |
Total events 42 15
Heterogeneity: Tau®= 3.92; Chi*=10.59, df= 2 (P = 0.005); F=81% + + + +
Test for overall effect: Z= 218 (P = 0.03) L mCon(rol cp 200
d. OR in studies with surgical history

cp Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Casellas 1998 6 15 1 15 31.8% 9.33(0.96, 90.94) &
Kim 2015 17 36 13 43 0.0% 2.48(1.00,6.16)
Kumar 2014 10 68 1 74 0.0% 12.59(1.57,101.18)
Mancilla 2008 13 14 1 14 27.4% 169.00(9.52, 2999.92] —_—
Ni Chonchubhair 2018 5 35 0 N 0.0%  11.36[0.60,214.37)
Signoretti 2014 9 43 6 43 0.0% 1.63[0.53,5.07)
Therrien 2015 12 3 1 40  0.0%  24.63(2.98,203.66)
Trespi 1999 12 35 13 61 408% 1.93(0.76, 4.88) T
Total (95% CI) 64 90 100.0%  10.86 [0.90, 131.72] g
Total events kil 15
Heterogeneity: Tau*= 3.75; Chi*= 9.57, df= 2 (P = 0.008); F= 79% + + 1 1
Test for overall effect: Z=1.87 (P = 0.06) 0.005 9 1(‘.0“"01 cP 200
€. OR in studies without surgical history

cp Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Casellas 1998 6 15 1 15 0.0% 9.33(0.96, 90.94)
Kim 2015 17 36 13 43 321% 2.48(1.00,6.16) -
Kumar 2014 10 68 1 74 153%  1259(1.57,101.18) —_——
Mancilla 2008 13 14 1 14  0.0% 169.00(9.52,2999.92]
Ni Chonchubhair 2018 5 35 0 N 9.4% 11.36 [0.60, 214.37]
Signoretti 2014 9 43 6 43 281% 1.63[0.53,5.07) T
Therrien 2015 12 3 1 40 151%  24.63[2.98,203.66) —r—
Trespi 1999 12 35 13 61 0.0% 1.93[0.76, 4.88]
Total (95% CI) 213 237 100.0% 4.61[1.67,12.73] <P
Total events 53 2
Heterogeneity: Tau®= 0.62; Chi*= 8.06, df= 4 (P = 0.09); F= 50% + + + +
Testfor overall effect Z= 2.95 (P = 0.003) 0.005 0 ates 10 200

Figure 5. (a—e) Results of comparative analysis: All 8 studies included in the comparative analysis are listed in all figures for reference. Excluded studies
were removed from forest plots. Cl, confidence interval; CP, chronic pancreatitis; GHBT, glucose hydrogen breath test; LHBT, lactulose hydrogen breath
test; OR, odds ratio.
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Table 3. Treatment and response

Study Year Symptoms
Leeetal. (16) 2019 Yes
Ni Chonchubhair et al. (17) 2018 Yes
Kim et al. (24) 2016 Yes
Therrien et al. (18) 2015 Yes
Kumar et al (27) 2014 Yes
Signoretti et al. (31) 2014 Yes
Grigor'eva et al. (20) 2010 Yes
Mancilla et al. (21) 2008 Yes
Madsen et al. (25) 2003 No
Trespi and Ferrieri (23) 1999 Yes
Casellas et al. (22) 1998 Yes
Bang Jgrgensen et al. (26) 1991 Not reported
Lembcke et al. (59) 1985 Yes

Rx, treatment.

suggesting an alternative treatment strategy for patients with CP

unresponsive to PERT.

The etiology of SIBO in CP is unclear. CP-associated intestinal
dysmotility can lead to small bowel stasis (28-30), thereby

Factors That Affect Prevalence of Small Intestinal Bacterial Overgrowth

Treatment

Not specified

Rifaximin 400 mg t.i.d. for 10d

Not reported

Not reported

Rifaximin 400 mg t.i.d. for 14 d

Not reported

Not reported

Not reported

Not reported

Rifaximin 400 mgt.i.d. for 1 wk per mo for 3 mo

Doxycycline 100 mg b.i.d. for 2 wk, then
metronidazole 250 mg t.i.d. for 2 more wk

Not reported
Not reported

Clinical improvement after Rx

Yes (pain, diarrhea, bloating, constipation, and
weight loss)

Yes (reduction in: flatulence, abdominal
distension, abdominal pain, diarrhea,
constipation, weight loss, fatigue, and body
aches)

Not reported

Not reported

Yes (reduction in diarrhea)

Not reported

Not reported

Not reported

Not reported

Yes (reduction in diarrhea and fecal fat)

Yes (reduction in diarrhea)

Not reported
Not reported

increasing the likelihood of SIBO. The increased consumption of

alcohol and narcotics in patients with CP was also suggested (18).

In this review, 6 studies reported on alcoholic CP’s relationship to
SIBO (16-18,21,23,31), and only Ni Chonchubhair et al. (17)

Response to treatment

Heterogeneity:

Q=52 df(Q)=4 p=0.26 I’=23.6 % Tau’=0.28

Group by Study name Statistics for each study Event rate and 95% CI
Abx

Event Lower Upper

rate limit limit Z-Value p-Value

II\)/I(::r):)cnyilc;Z;i Casellas 1998 0.400 0.100 0.800 -0.444 0.657 .
I[\),Iz):ryocnylgz;i P =0% 0400 0100 0800  -0444 0.657 e
Not specified Lee 2019 0.788 0.617 0.895 3.082 0.002 —-—
Not specified P =0% 0.788 0.617 0.895 3.082 0.002 ’
Rifaximin Ni Chonchubhair 2018 0.917 0.378 0.995 1.623 0.105 —
Rifaximin Kumar 2014 0.667 0.154 0.957 0.566 0.571 =
Rifaximin Trespi 1999 0.944 0.495 0.997 1.947 0.052 —iH
Rifaximin P =0% 0.860 0.566 0.967 2.294 0.022 ‘
Overall 0.761 0.618 0.863 3.347 0.001 ’

0.00 0.50 1.00

Random effects analysis

Figure 6. Response to treatment based on the type of antibiotic used. Treatment with rifaximin showed a higher response than doxycycline and metronidazole.
Subgrouping by antibiotic regimen was able to eliminate heterogeneity in treatment response as evidenced by drop of 2 from 38.3% to 0% in all subgroups. Cl,

confidence interval.
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found it to have higher SIBO rates than nonalcohol CP. Narcotic
use, investigated in 3 studies (16,17,27), showed no relation to
SIBO prevalence (Figure S2C, see Supplementary Digital Content
1, http://linksIww.com/CTG/A93). In addition, the use of PPI is
common in CP and might be a risk factor for SIBO, which was
evaluated by 3 studies (16,17,31) in this review showing no sig-
nificant relation to SIBO prevalence (Figure S2B, see Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A93). DM
is associated with SIBO (32) and can affect up to 83% of patients
with CP (33). We found it was associated with increased SIBO in
CP (Figure 5a). Whether DM is reflective of pancreatic endocrine
dysfunction leading to increased risk of SIBO is yet to be verified.
Although the decline in pancreatic trypsin can disrupt the acti-
vation of defensin, hindering pancreatic antibacterial activity
(34,35), the inhibition of pancreatic proteolytic enzymes does not
impair this antibacterial activity (34). In addition, in canine
models of PEI, PERT did not prevent intestinal microbial dis-
ruption (36). However, substituting cathelicidin-related antimi-
crobial peptide in mice deficient in acinar Orail protected them
from fatal bacterial overgrowth (37). This suggests a direct effect
of antimicrobials secreted by pancreatic acini and independent of
digestive enzymes, which is consistent with recent findings by
Frost et al. (3) showing exocrine pancreatic function to be a sig-
nificant determinant of gut microbial load and diversity. In this
review, we found PEI to be associated with increased SIBO in CP.
We also found PEI to correlate well with SIBO prevalence, sug-
gesting that antimicrobial pancreatic secretions might play a role
in the pathogenesis of SIBO in CP. These results raise the question
of whether direct endocrine/exocrine pancreatic gland de-
struction in CP is more important for SIBO development than
external factors such as PPI, narcotics, or PERT.

All but one of the studies in this review used BT’ to diagnose
SIBO. LHBT showed significantly higher prevalence of SIBO in
CP than GHBT (Figure 2c). This might be the result of accelerated
intestinal transit delivering lactulose to colonic bacteria earlier
than expected (18,38). Although GHBT is inherently more reli-
able as glucose is fully absorbed in the small intestine, glucose
malabsorption rather than SIBO can result in positive GHBT
(39-41). Despite attempts to standardize BT (42), they are still
confounded by multiple technical issues, including the size of
carbohydrate load, the osmotic and transit-accelerating effects of
a highly concentrated substrate solution, test duration, and the
adherence to dietary and other restrictions imposed by the test
(42). Jejunal aspirate culture has long been the gold standard for
SIBO diagnosis (43). It was used in one study (26) in our review.
However, it also has its setbacks because of inaccessibility to the
distal small bowel, potential for contamination, and false neg-
atives for obligate anaerobes (44-46). In addition, when com-
paring culture to polymerase chain reaction analysis of jejunal
aspirates, only 24.4% of jejunal bacteria are able to grow on
standard media, raising questions about the ability of jejunal as-
pirate cultures to accurately reflect the intestinal bacterial
load (41).

This degree of unreliability of current diagnostic techniques is
reflected in the considerable heterogeneity among studies in this
review. Accounting for differing results among diagnostic
methods was able to explain 55% of the variance in SIBO prev-
alence in CP. Recent innovation using a swallowed capsule was
able to measure in real time the concentrations of intraluminal
gases such as H,, CO,, O,, and CH,. This technology provides
much higher sensitivity than BT (47). Its clinical utility in SIBO
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diagnosis is yet to be verified. Therefore, although GHBT might
provide practical and more reliable testing than LHBT, the di-
agnosis of SIBO in CP remains an elusive enterprise. Bacterial
metabolomics and nucleic acid amplification techniques offer
hope for more reliable testing in the near future.

CP is associated with malnutrition due to malabsorption of b-
xylose (48,49), glucose, folate (50), and neutral amino acids (51),
as well as maldigestion due to PEIL Despite adequate doses of
PERT, 43% of patients remain symptomatic (2). SIBO may result
in malnutrition because of increased consumption of carbohy-
drates, proteins, and vitamins, as well as malabsorption of
micronutrients resulting in lasting nutritional consequences
(28,52,53). Signoretti et al. (31) reported on the association of
SIBO in CP with nutritional status and found patients with CP
complicated by SIBO to have significantly higher levels of folate,
which is likely related to increased intestinal bacterial production
of the compound (54). However, they had lower levels of vitamin
D, although that only trended toward significance with a P value
of 0.08. Lee et al. (16) found patients with SIBO in CP to have
a significantly lower serum albumin level. They also found zinc
deficiency, a known complication of CP (55,56), to be signifi-
cantly more common in SIBO. Frost et al. (3) and Gubergrits et al.
(28) found CP/PEI to alter intestinal bacterial composition,
shifting the balance among species favoring some over others.
These findings suggest that selective bacterial proliferation could
be more important than mere numbers (8) when considering
SIBO manifestations in CP. In addition, Ni Chonchubhair et al.
(17) found patients with SIBO and CP to have more weight loss
than their SIBO-negative counterparts. These results suggest
SIBO might play a considerable role in malnourished CP patients.

Five studies in this review assessed response to SIBO treatment
(Table 3). Our analysis showed a better response to rifaximin than
doxycycline and metronidazole, suggesting rifaximin treatment
might be of benefit to patients with CP unresponsive to PERT.
Moreover, this response supports that SIBO is not merely asso-
ciated with CP but also contributes to the clinical syndrome.
Further studies to prove normalization of tests after antibiotic
treatment would further support this role.

Celiac disease is associated with CP/PEI (57) and SIBO (13).In
this review, only 2 studies (16,18) reported on celiac disease in
their patient population. Whether this is a strong confounding
factor potentially explaining the refractory symptoms and mal-
absorption seen in CP remains unknown. Lohr et al. (58) sum-
marized PEI treatment guidelines to recommend testing for celiac
disease after failure of PERT at double the recommended dose
and adequate acid suppression to control symptoms.

Although this subject has previously been presented in a sys-
tematic review by Capurso et al. (15), in this review, we provide
the broadest and latest evidence on the prevalence, diagnosis, and
treatment of SIBO in CP by including data from 4 additional
studies and expanding on the analysis to factor in modifiers of
SIBO prevalence in CP. Our rigorous analytic techniques using
meta-regression were able to explain the heterogeneity among
studies providing valuable insight into the possible role of PEI in
SIBO in CP and diagnostic discrepancies. Moreover, we provide
the first analysis in the literature into the outcomes of SIBO
treatment in CP.

The limitations of our study include the retrospective nature of
the included literature, which incurs associational data. Sub-
optimal design and quality of available evidence manifested in
failure of most studies to address confounders such as concomitant
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celiac disease and the unreliability of LHBT. We also noted het-
erogeneity in diagnostic testing and control group characteristics.
These limitations have likely affected our conclusions; new re-
search must take them into consideration.

In summary, under current diagnostic guidelines, SIBO
complicates 38.6% (95% CI 25.5%-53.5%) of CP with an OR of
5.58 (95% CI 2.26%-13.75), indicating a predisposition for this
condition. Although the etiology of SIBO in CP remains un-
known, emerging evidence suggests a role for pancreatic exocrine
dysfunction and DM as manifested by the association of PEI/DM
with increased SIBO in CP. Discrepancies between diagnostic
methods for SIBO are clear and pose a diagnostic dilemma.
However, as the search and optimization of diagnostic testing
continues, GHBT remains the test of choice. Our study shows
antibiotic treatment of SIBO is associated with improved clinical
outcomes (Table 3, Figure 6), suggesting an alternative strategy to
treatment of patients with CP unresponsive to PERT.
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