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Abstract

Objectives: Small intestinal bacterial overgrowth (SIBO) is often present in patients with
chronic pancreatitis (CP) with persistent steatorrhea, despite pancreatic enzyme replacement
therapy (PERT). Overall prevalence of SIBO, diagnosed by glucose breath test (GBT), varies
between 0-40% but 0-21% in those without upper gastrointestinal (G1) surgery. We investigated
the prevalence and non-surgical independent predictors of SIBO in CP without upper Gl surgery.

Methods: 273 patients =18 years-old had a presumptive diagnosis of CP and a GBT between
1989-2017. We defined CP by Mayo Score (0-16) >4 and a positive GBT for SIBO by Rome
Consensus Criteria, and retrospectively collected data for 5 a priori variables (age, opiates, alcohol
use, diabetes mellitus (DM), gastroparesis) and 41 investigational variables (demographics, Gl
symptoms, comorbidities, CP etiologies and co-factors, CP symptom duration, Mayo score and
non-diabetes components, and biochemical variables).

Results: 98 of 273 patients had definite CP and 40.8% had SIBO. Five of 46 variables predicted
SIBO: opiates, £=0.005; DM, p=0.04; total Mayo score, p<0.05, zinc, £=0.005, and albumin,
p<0.05). Multivariable analysis of 3 non-correlated variables identified zinc level (OR=0.0001;
p=0.03) as the sole independent predictor of SIBO (model C-statistic=0.89; p<0.001).

Conclusions: SIBO, diagnosed by GBT, occurs in 40.8% of patients with CP without upper Gl
surgery. In CP patients, markers of more severe CP (low zinc level, DM and increased Mayo
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score) and opiate use should raise clinical suspicion for SIBO, particularly in patients with
persistent steatorrhea or weight loss despite PERT.

Introduction

Chronic pancreatitis (CP) is a progressive clinical syndrome characterized by morphological
evidence of chronic inflammation, fibrosis and parenchymal loss (of acinar and islet cells)
resulting in loss of exocrine and endocrine function [1-3]. Abdominal pain is a hallmark
feature of CP, but other manifestations, including steatorrhea and weight loss, also may be
present [4], markedly impairing quality of life and contributing to significant morbidity and
mortality [5,6].

Unfortunately, treatment options in CP are limited and palliative [7]. Pancreatic enzyme
replacement therapy (PERT) is the most common therapy for CP associated with exocrine
pancreatic insufficiency (EPI). In EPI, PERT improves digestive symptoms, nutrition, bone
health, glycemic control and health related quality of life [1,4,8]. Steatorrhea, however, often
responds only partially to PERT [9-12]. Initial management steps include assessing
adherence to PERT, ingesting PERT throughout the meal, increasing the dose and adding co-
treatment with an H2-blocker or PPI [1,3,8]. Persistent steatorrhea, despite addressing these
factors, may indicate an alternate cause of diarrhea or malabsorption, which is most
commonly due to small intestinal bacterial overgrowth (SIBO) [13], defined as a small
intestine bacterial population of 10° colony-forming/mL on culture of small bowel aspirates
[14-16]. Other less common causes are multiple and reviewed elsewhere [3,13].

SIBO decreases luminal fat digestion and absorption by deconjugating bile salts and causing
some degree of secondary enteritis. Proposed mechanisms for causing SIBO in patients with
CP include impaired small bowel motility due to opioids, gastrointestinal (GI) surgery,
diabetic neuropathy and ileal braking secondary to nutrient malabsorption [3,17,18]. In
addition, other factors may be important, including antibacterial effect of pancreatic
secretions [19,20], and an altered host immune response [21], possibly involving diminished
trypsin mediated conversion of gut antibiotic propeptides to an active form, as illustrated
with human defensin-5 in other conditions [22,23].

The true prevalence of SIBO in CP is unclear largely due to variable methods to diagnose
SIBO and whether patients with upper Gl surgery were included in individual studies [13].
When small bowel aspiration and quantitative culture is the gold-standard diagnostic test, the
prevalence of SIBO in CP is 50-77% [24-26]. This method, however, is invasive (requires
endoscopy), costly and is hampered by sampling error, reproducibility and standardization
and frequently is not used [27,28]. By hydrogen breath testing (HBT) the prevalence of
SIBO in CP is 0-92% [29-39], highest (47-92%) with lactulose hydrogen breath tests
(LBT) [33,36,37,39], which lack specificity [27,40,41], and lower (0-40%) with glucose
breath tests (GBT) [29-32,34,35,38], which are more specific. As pointed out in a recent
meta-analysis [42], pooled analyses of these data is limited by heterogeneity of the HBT
protocol, variable inclusion of patients with prior upper Gl surgery, small sample sizes and
criteria for diagnosis of definite CP. Moreover, there are no defined definite predictive
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variables for SIBO in patients with CP, with the exception of prior upper Gl surgery
[13,31,42].

Our aims were to determine the prevalence of SIBO by GBT, in a well-defined cohort of
patients with CP without prior upper Gl surgery; and to create a predictive model for SIBO
by examining five a prioriand 41 investigational variables in a large population of patients
with CP.

Selection of case samples

The study was approved by the University of Michigan Institutional Review Board
(01/26/2016). We performed a retrospective review of adult patients (= 18 years of age)
referred to the Gastrointestinal Physiology Laboratory at the University of Michigan for a
GBT from January 1989 — February 2017 and identified 273 unique patients who had a
clinical diagnosis of CP (Figure 1). Definite-CP (n=103) or Non-CP (n=170) was based on
the Mayo clinical diagnostic criteria, the study gold standard (Figure 2). Five of 103 patients
with CP were excluded for having prior upper Gl surgery (small bowel surgery, gastric
bypass, pancreaticoduodenectomy), an established risk factor for SIBO [13,25,31,42].

Data collection

All GBT samples were analyzed using a Quintron MicroLyzer (Quintron Instrument
Company Inc., Milwaukee, Wisconsin). The pre-test GBT protocol consisted of fasting,
prohibition of fluids for 8 hours and avoidance of smoking for 6 hours, Pepto-Bismol
products for 14 days, and antibiotics for 30 days prior to test. The two hour GBT was
performed according to the Rome Consensus Conference Expert Group [27,40], which
differs slightly from the new North American consensus document [43], published May
2017 and postdating the end of the study period. Samples were analyzed for hydrogen and
methane concentrations, each measured in parts per million (ppm), the latter which
predominates in 6-20% of the population [44] and increases the sensitivity of the GBT. The
sample was considered measurable by evaluating the carbon dioxide level. A positive GBT
was defined as an increase in breath hydrogen and/or methane by at least 12 ppm over basal
concentration levels.

The existing GI Physiology Laboratory database had the following variables (Table 1): 4
demographic variables; 10 gastrointestinal (GI) symptoms self-reported at the time of GBT
or documented by the ordering physician, 2 environmental exposures (current smoking and
consuming alcoholic beverages); 2 prescribed medications (opiates and proton pump
inhibitors (PPI1)); and 6 comorbidities.

Co-investigators AAL and JRB used methods similar to our previous studies [45] to extract
additional data from chart notes (Gastroenterology clinic visits, inpatient consults and
emergency department visits) and laboratory tests completed within 6 months prior to GBT.
Eleven biochemical markers of SIBO were examined, including 25-hydroxy vitamin D,
vitamin A, vitamin E, vitamin B12, folate, zinc, selenium, ferritin, aloumin, hemoglobin
Alc (Hgb Alc) and C-reactive protein levels. Diagnosis of definite CP, was defined as a
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Mayo Score (0 — 16) =4 points (Figure 2) [45,46], which required data collection for
symptoms of abdominal pain and weight loss, steatorrhea (positive qualitative fecal fat or
quantitative fecal fat >7 grams/24 hours) and diabetes mellitus (DM, fasting blood glucose >
126, hemoglobin A1C) and imaging. DM was subclassified as type 1, 2 and 3c based on
current recommendations [47]. Data for pancreatic histology were available infrequently.
Pancreatic imaging was reviewed and included endoscopic retrograde
cholangiopancreatography (ERCP), transabdominal ultrasound (US), computed tomography
(CT), magnetic resonance imaging (MRI) and endoscopic ultrasonography (EUS). Imaging
criteria for CP were the Cambridge 1lI-111 criteria, based on ERCP, US, CT and/or MRI, and
> 5 EUS criteria for CP, or EUS Rosemont criteria that were “suggestive of” or “consistent
with” CP. To calculate values for Mayo Score (Figure 2), we added no points for missing
data.

Statistical Analyses

RESULTS

All calculations were computed using SPSS version 25 (IBM Inc., Armonk, NY).
Univariable analyses for a positive GBT were performed for 5 a priori variables (age, opiate
use, current alcohol use, DM, gastroparesis (GPR)) and 41 investigational variables
consisting of 3 additional demographic variables, 10 individual Gl symptoms, 4 other
comorbidities (celiac disease, irritable bowel syndrome, diverticulosis, history of
cholecystectomy), 2 other medications (pancreatic enzyme replacement therapy (PERT), PPI
use), 3 additional non-alcohol etiologies of CP (genetic, idiopathic, and other
(hypertriglyceridemia, celiac disease, autoimmune)), 2 other co-factors of CP (tobacco use,
history of necrotizing pancreatitis), duration of CP symptoms, severity of CP features (Mayo
Score 0-16), 5 non-DM components of the Mayo score (exocrine pancreatic insufficiency
(EPI), presence of calcifications on imaging, abnormal imaging, symptoms, histology) and
11 biochemical variables(Table 1). We performed a multivariable logistic regression model
to identify independent predictors for a positive GBT, by including variables with a p-value
of < 0.10 in the univariable analyses, but limited the logistic regression model to a maximum
of 4 variables to decrease the likelihood of overfitting of the model because only 40 patients
had a positive GBT, and by not including significantly correlated factors in the logistic
regression model. Correlations were examined within 2 groups of variables: markers for CP
severity (Mayo Score, DM, Zinc levels and albumin) and GI dysmotility factors (DM,
gastroparesis, opiate use). Area under the receiver operator characteristic (AUROC) curve
with a C-statistic were calculated for the exploratory predictive models of SIBO in CP.
Categorical and dichotomous variables were assessed by 2x2 contingency tables and x 2 -
tests or two-tailed Fisher’s exact test when necessary. Continuous variables were assessed by
two sample t-tests for normally distributed variables and the Wilcoxon rank-sum test for
non-parametric data. A p-value of < 0.05 was considered statistically significant.

Clinical Characteristics

Of the patients who underwent a GBT for SIBO between January 1989 and February 2017,
273 were labeled as having CP, 103 of 273 (37.7%) fulfilled the Mayo Clinical Criteria for
definite CP, and 98 of 103 had no prior upper Gl surgery (Figure 1). The population with
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definite CP was 51.0% female and 95.5% Caucasian with a mean (SD) age 51.9 (14.9) and
body mass index 27.2 kg/m2 (7.2).

Prevalence of SIBO in CP

40.8% of 98 patients with definite CP and no prior upper Gl surgery had a positive GBT,
which is significantly greater than published data for similar older age (>61 years) healthy
controls (15.8%; P<0.001) [21]. Of the 40 patients with a positive GBT, 38 were positive for
hydrogen, 2 were positive for methane and none were positive for both.

Univariable Analyses of SIBO in CP

Five of 46 variables (Table 1) had a statistically significant association with a positive GBT
in CP, including two a priorivariables (prescribed opiates, p = 0.005; and DM, p=0.04). In
addition, three investigational variables, a higher Mayo score (p < 0.05), low zinc (p=
0.005), and low albumin (p < 0.05), suggest SIBO associates with more severe CP. The
positive predictive value (PPV) of the two categorical variables for a positive GBT was
24/40 (60%) for DM, 20/40 (50%) for opiate use, and 29/40 (72.5%) for DM and/or opiate
use.

Variable Correlations and Multivariable Analyses of SIBO in CP

For multivariable logistic regression analysis (Table 2) we identified a maximum of seven
potential variables for inclusion on the basis of having a p value <0.1 in the univariable
analyses. These included three a priori variables (prescribed opiates, o= 0.005; DM, p=
0.04; and GPR, p=0.09), total Mayo score (p < 0.05), and three biochemical variables (zinc,
p=0.005; albumin, p< 0.05; Hgb Alc p=0.07), of which we excluded Hgb Alc due to
confounding effects with the variable DM. Of the remaining 6, multiple correlations were
found between variables associated with CP severity, including one with Mayo score (DM [p
< 0.001]); two with DM (Mayo score [p < 0.001], albumin [p= 0.003]); and one with zinc
level (albumin [p=0.001]) (Supplemental Table 1). Among motility factors, GPR correlated
only with DM (p=0.003) and opiate was not correlated with DM or GPR.

Two exploratory logistic regression models were constructed, each accounting for
correlations among 6 variables discussed above, resulting in 3 variables per model, each
having zinc level and opiate use but differing by having either DM or Mayo score, which
were significantly correlated (o < 0.001).

Model #1 included DM, zinc level, and opiate use and excluded Mayo score (correlated with
DM), albumin (correlated with zinc), and GPR (correlated with DM and had few patients
(n=5)). Zinc level had a significant negative association with SIBO in CP (OR =0.0001;
95% CI 0.0001-0.423; p=0.03) and DM had a positive but non-significant association (OR
= 8.23; 95% CI 0.76-89.30; p= 0.08). The area under the receiver operator characteristic
(AUROC) curve was constructed for a positive GBT in patients with CP, yielding a C-
statistic of 0.89 (95% CI 0.76-1.00; p=0.001) (Figure 3a).

Model #2 included Mayo score, zinc level, and opiate use but excluded DM (correlated with
Mayo score) and also albumin and GPR, the latter two the reasons discussed in Model #1.
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Zinc level had a significant negative association with SIBO in CP (OR = 0.0001; 95% ClI
0.001-0.62; p=0.04) (Table 2) and a C-statistic of 0.88 (95% CI 0.74-1.00; p=0.002)
(Figure 3b), similar to model #1.

Outcomes to Antibiotics in SIBO Positive Patients

Thirty-three of 40 patients had identifiable data for assessing a response to antibiotics in
definite CP with positive GBT. Symptomatic improvement, for which there was no
standardized reporting, was defined broadly as yes or no within 3 months following
treatment. Twenty-six of 33 (78.8%) had symptomatic improvement while 6 of 33 (18.2%)
had no improvement in symptoms. There were no differences in baseline symptoms between
antibiotic responders vs. non-responders (Table 3).

DISCUSSION

40.8% of 98 patients with definite CP and no prior upper Gl surgery had a positive GBT, an
indirect but specific marker of SIBO. By univariable analyses we identified five variables
significantly associated with a positive GBT in CP: prescribed opiates (p = 0.005), total
Mayo score (p< 0.05), DM (p=0.04), zinc (p = 0.005) and albumin (p < 0.05). By
multivariable analysis, we identified low zinc level as an independent predictor of a positive
GBT (OR =0.0001; 95% CI 0.001-0.42; p=0.03) and DM as having a non-significant trend
towards a positive association (OR=8.23; 95% CI 0.76-89.3; p=0.80). The model for SIBO
in CP has a moderate predictive value (C-statistic value of 0.89 (95% CI 0.76-0.92; p=
0.001).

In 1979 King and Toskes [14] referred to their unpublished data when they wrote “moderate
degrees of small-intestinal colonization occur in some patients with chronic relapsing
pancreatitis”. SIBO is known to associate with CP, but large, uniform studies are lacking
[13]. The 40.8% prevalence of SIBO in our population of CP and no upper Gl surgery is
approximately two-fold higher than the 0-21% range in five studies with SIBO diagnosed by
GBT [13,31,32,34,35,38]. We speculate this high prevalence of SIBO is mainly attributable
to the application of a stringent definition of CP. The increased test sensitivity for SIBO by
using both breath hydrogen and methane concentrations had a very minor effect because
elevated breath methane was solely responsible for a positive GBT in only 2 of 98 patients
(2.0%). Nevertheless, because methane predominates in 6—20% of the population [44],
studies relying solely on breath hydrogen in the GBT could underestimate the prevalence of
SIBO in CP. Only the small (n=11) study by Madsen et al [32] used both breath hydrogen
and methane concentrations to diagnose SIBO, but for unclear reasons, they found no SIBO
in CP. We found a lower prevalence of SIBO compared to three reports diagnosing SIBO by
aspiration and culture [24-26], the gold standard, which may be attributable to lower
sensitivity of GBT for SIBO [27].

There are no clearly established variables that associate with SIBO in CP, with the exception
of upper Gl surgery [13,31,42]. Evidence, however, from our study suggests that SIBO is
more prevalent in more severe CP, with some but not all markers of advanced CP, as
reviewed in a recent editorial [13]. We found by univariable analysis that a higher Mayo
score, a marker of CP severity, had a significant association with SIBO. Of the six
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components of the Mayo score, DM, a marker of advanced CP, had a significant association
with SIBO (p=0.04) (discussed below), and EPI had a nonsignificant trend towards an
association (p= 0.10). In addition, by an exploratory multivariable analysis, we report low
zinc level, a marker of malabsorption and severe CP, was independently associated with a
positive GBT in definite CP (OR =0.0001, p=0.03) and DM had a positive trend towards
significance (OR = 8.23, p=0.08). No prior study of SIBO in CP included a multivariable
analysis, largely due to small sample size.

Low zinc level, a marker of nutritional status, correlated with low albumin level (0 =0.001)
and was an independent predictor of SIBO in definite CP. This observation supports the
premise that more severe CP (with micronutrient deficiencies) increases the risk of SIBO.
Zinc level has not been evaluated previously as a predictor of SIBO in definite CP but
unrelated studies indicate that EPI may predispose to zinc deficiency [48-50]. For example,
Boosalis et al. demonstrated that patients with EP1 had impaired absorption of orally
administered zinc sulfate compared to healthy controls, suggesting an important role for
normal pancreatic function in zinc metabolism [48]. The relationship between low zinc level
and SIBO may not be generalizable to non-pancreatic conditions based at least on
observations in patients with celiac disease, in whom Lakhani et al reported zinc and other
micronutrients had no significant association with SIBO [51].

A significant association between DM and SIBO (diagnosed by GBT) in CP populations has
been previously reported [38], but in the largest of these studies (n=68) there was only a
nonsignificant trend (£p=0.07) [34]. In the non-CP literature, the association between DM and
SIBO is robust and attributed to a combination of small bowel enteropathy, neuropathy, and
resultant intestinal stasis [52,53]. In contrast to the largest study in CP [34], our results
demonstrate an association between opiate use and SIBO (diagnosed by GBT). These
discordant results may potentially be attributable to differences in sample size and in GBT
methodology (e.g., omission of breath methane measurements).

Symptoms are not predictive of SIBO in CP. We found no significant association between 10
GI symptoms and SIBO in patients with CP without upper GI surgery, similar to findings
from both studies of CP (without prior upper Gl surgery and SIBO diagnosed by GBT)
[29,32,34,35,38], and non-CP studies [54,55]. Although we found no association between
SIBO and diarrhea in CP, a possible association may exist because antibiotic treatment of
SIBO improves/resolves diarrhea in 40-100% of patients in 3 studies [30,31,34] and
significantly reduces steatorrhea in another study [31]. However, 2 of 3 studies included
patients with upper Gl surgery [30,31].

Although the prevalence of SIBO in CP without upper Gl surgery is 40.8%, it is uncertain
whether EPI is a prerequisite for the presence of SIBO. Only two of the seven CP studies
that diagnosed SIBO by GBT [29-32,34,35,38] investigated the relationship between SIBO
and EPI, and neither reported a significant association [34,35]. Consistent with these prior
observations, our data also shows only a non-significant trend towards an association
between EPI and SIBO in CP (p=0.10).
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The association between PERT and SIBO (diagnosed by GBT) is also unknown in CP
patients without upper GI surgery. Data of two studies are conflicting [34,38], with no
association reported in the larger of the two studies [34]. Consistent with this latter
observation, we found no significant association between PERT and SIBO in CP. These data
should be cautiously interpreted however because most patients with EPI receive PERT
therapy, which may reduce the detection of SIBO based on evidence that PERT may have
antibacterial properties [56].

High serum folate and low serum Vitamin D levels have been proposed as biochemical
markers of SIBO in CP and non-CP conditions, but these associations appear weak in CP
[35]. We observed no significant association between either variable and SIBO in CP.
Nonetheless, measuring Vitamin D is important in CP populations due to an increased risk
of non-traumatic fractures [57].

Regarding other variables of interest, there is no clearly established association of SIBO
with age, sex, etiology (alcohol vs idiopathic) [34], pancreatic calcifications [31,35];
presence or degree of steatorrhea [31,35]; BMI; or prescriptions for PERT or PPIs [34,35].
Although we observed no significant association between PPl use and SIBO in CP, it should
be noted that PPIs are commonly prescribed to CP patients who are not responding to PERT
and PPI induced hypochlorhydria may promote conditions favorable for SIBO [58,59].
Based on this concern, it would be reasonable to test for SIBO in CP prior to adding PPI
therapy.

There are several potential weaknesses of our study. One is that our cohort at a tertiary
referral center may not represent a typical CP cohort in the community. Secondly, this is a
retrospective study which may be limited by bias, confounding and in some instances
incomplete data. Prospective, controlled studies are required to confirm these results and to
refine our exploratory model. Thirdly, the methodology for performing GBT in our study
was based on Rome Consensus guidelines [27,40], which were the accepted standard for
performance of GBT at the time. In the interim, North American guidelines for GBT were
published May 2017, postdating the end of our study period, and differs by recommending
use of a higher dose of glucose as a substrate (75 g vs 50 g) and larger magnitude increase in
breath H, (>20 ppm vs > 12 ppm) as evidence of a positive test result [43]. The prevalence
of SIBO in CP using new North American recommendations is unknown and should be
examined in future studies.

In conclusion, we have examined the largest cohort of well-defined patients with CP without
upper Gl surgery using GBT to diagnose and identify predictors of SIBO to help guide
management. The prevalence of SIBO is high (40.8%) in patients with CP without prior
upper Gl surgery. Univariable analyses identified five variables significantly associated with
SIBO in CP (total Mayo score, DM, zinc level, albumin and opiate use). Multivariable
analysis identified zinc level as an independent negative predictor for SIBO while DM had a
nonsignificant trend towards a positive association, which conferred a moderate predictive
value for SIBO (model AUROC = 0.89; 95% CI 0.76-1.00; p= 0.001). These data may help
clinicians to gauge probability of SIBO and whether to test or empirically treat for SIBO in
patients with CP without gastric surgery who have weight loss and/or steatorrhea persisting
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despite PERT. When patients with CP have one or more of 5 variables associated with SIBO,

particularly low zinc level or a combination of diabetes and opiate use (PPV=72.5%), it

would be reasonable to offer treatment for SIBO rather than to investigate alternative causes
of persistent steatorrhea or weight loss with PERT therapy.
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Abbreviations:
BMI

Cl

CP
CT
DM
EPI
ERCP
EUS
GBT
Gl
GPR
HBT
MRCP
OR
PERT
PPI
SIBO
us

AUROC

body mass index

confidence interval

chronic pancreatitis

computed tomography

diabetes mellitus

exocrine pancreatic insufficiency

endoscopic retrograde cholangiopancreatography
endoscopic ultrasonography

glucose hydrogen breath test

gastrointestinal

gastroparesis

hydrogen breath test

magnetic resonance cholangiopancreatography
odds ratio

pancreatic enzyme replacement therapy

proton pump inhibitor

small intestinal bacterial overgrowth
ultrasonograpy

area under the receiver operator characteristic
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STUDY HIGHLIGHTS

1. WHAT IS CURRENT KNOWLEDGE

Small intestinal bacterial overgrowth (SIBO) is relatively common in
patients with chronic pancreatitis (CP) but the exact prevalence is
unclear

Upper GI surgery associates with an increased prevalence of SIBO
in CP

Gastrointestinal symptoms are not predictive of SIBO in CP

2. WHAT IS NEW HERE

SIBO, diagnosed by glucose breath test (GBT), is present in 40.8%
of patients with CP without upper Gl surgery

Five variables significantly associate with SIBO in patients with CP
without upper Gl surgery (total Mayo score, DM, low zinc level, low
albumin and opiate use).

Zinc level is an independent negative predictor of SIBO while DM
has a nonsignificant trend towards a positive association (AUROC =
0.89).

SIBO should be considered in patients with CP having a low zinc
level or the combination of diabetes and opiate use (PPV=72.5%),
particularly with persistent steatorrhea or weight loss despite PERT
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UMHS database - GHT
01/1989-02/2017

l

Medical Record
Chronic Pancreatitis (CP) Diagnosis
(Patients >18 years)

N=273

CP without
Upper Gl surgery
N =98

Exclusion criteria

l

¢ No CP: Mayo score <4 pts (N=170)
e CP but prior upper Gl surgery (N =5)
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Excluded
N =175

Data Collection
N=98

l

Data Analysis

Figure 1.

Methodological Summary
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Criteria Measure/Endpoint Points (total 0-16)

Clinical Criteria Pain, RAP, weight loss 2
Calcifications Definite/Probable 4or2
Histology Definite/Probable 4or2
* Abnormal Imaging Cambridge II-111 (US, CT, MRI) 3

Or EUS criteria
**Exocrine Function Pancreatic Steatorrhea 2

Or abnormal CCK PFT
Diabetes Mellitus FBG > 140 mg/dl 1

Figure 2. Mayo Clinical Diagnostic Criteria: A Scoring System for Definite Chronic Pancreatitis
CCK, cholecystokinin; FBG, Fasting Blood Glucose; PFT, pancreatic function testing; RAP,

Recurrent Acute Pancreatitis; EUS, Endoscopic Ultrasonography *EUS criteria for CP
included having > 5 EUS criteria or EUS Rosemont criteria that were suggestive of or
consistent with CP **Pancreatic steatorrhea was based on a positive qualitative fecal fat or
quantitative fecal fat >7 grams/24 hours Adapted from (45).
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Figure 3. ROC curve for two related models of SIBO in definite CP by multivariable logistic
regression

a) Area under the ROC curve for model #1 which included 3 variables: diabetes mellitus
(DM), zinc level, and opiate use. This model of SIBO in patients with definite CP had a
significant negative association with zinc (OR=0.0001, p=0.03), a positive but non-
significant association with DM (OR=8.23, p=0.08) and a C-statistic of 0.89 (95% CI 0.76—
1.00). b) ROC curve for model #2 which included 3 variables: total Mayo clinical score, zinc
level, and opiate use. This model of SIBO in definite CP showed a significant negative
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association with zinc (OR=0.0001, p=0.04), no positive association with Mayo score, and a
C-statistic of 0.88 (95% CI 0.74-1.00).
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Univariable analysis of a positive GBT-SIBO in patients with definite chronic pancreatitis (CP)

Table 1.

Variable Total Negative GBT  Positive GBT p
N (%) N (%) N (%)
N 58 (59.2) 40 (40.8)
Demographics
Age, mean (SD) 51.6 (16.3) 52.4 (12.8) 0.78
Female 32 (55.2) 18 (45.0) 0.32
Caucasian race 51 (94.4) 33(97.1) 0.566
BMI, mean (SD)(BMI) 27.9(7.1) 26.1 (7.3) 0.23
Reported gastrointestinal (GI) symptomsa
Heart Burn 30 (51.7) 20 (50.0) 0.87
Regurgitation 25 (43.9) 17 (42.5) 0.90
Chest pain 18 (31.0) 12 (30.0) 0.91
Nausea 29 (50.9) 22 (55.0) 0.69
Vomit 16 (27.6) 16 (40.0) 0.19
Bloating 40 (69.0) 28 (70.0) 0.91
Gas 42 (75.0) 24 (61.5) 0.16
Abdominal pain 46 (79.3) 28 (70.0) 0.29
Diarrhea 36 (62.1) 26 (65.0) 0.77
Constipation 23(39.7) 12 (30.0) 0.33
Comorbidities (see below for diabetes)
Celiac disease (CEL) 2(3.4) 0(0.0) 0.51
Irritable bowel syndrome 14 (24.1) 5(12.8) 0.17
Gastroparesis (GPR) 1(1.7) 4(10.0) 0.09
Diverticulosis 1(1.8) 0(0.0) 0.59
Cholecystectomy 26 (45.6) 17 (43.6) 0.85
Prescribed medications
PERT 30 (56.6) 27 (67.5) 0.39
Opiates 13 (22.4) 20 (50.0) 0.005
Proton pump inhibitor (PPI) 28 (48.3) 24 (61.5) 0.20
Etiology of CP
Genetic 6(11.1) 1(2.6) 0.23
Otherb 9(16.7) 4(10.3) 0.55
Idiopathic 20 (37.0) 17 (44.7) 0.67
Alcohol
Ever 23 (42.6) 18 (46.2) 0.83
Current 4(17.4) 4(22.2) 0.71
Former 19 (82.6) 13 (72.2) 0.47
Unknown 0(0.0) 1(5.6) 0.44
Additional Co-factors for CP
History of pancreatic necrosis 3(5.2) 1(2.5) 0.64

Am J Gastroenterol. Author manuscript; available in PMC 2020 July 01.

Page 19



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Leeetal.
Variable Total Negative GBT  Positive GBT p
N (%) N (%) N (%)
Tobacco
Ever 25 (50.0) 20 (51.3) >0.99
Current 10 (40.0) 9 (45.0) 0.77
Former 14 (56.0) 11 (55.0) >0.99
Unknown 1(4.0) 0(0.0) >0.99
Mayo score (0-16) for CP, median (IQR) 5.0 (1.0) 6.0 (4.0) <0.05
EPI 10 (20.0) 15 (37.5) 0.10
Diabetes mellitus (DM) 20 (37.0) 24 (60.0) 0.04
Subtypec Type 1 1(5.0) 2(8.3) >0.99
Type3c 16 (80.0) 19 (79.2) >0.99
Unknown 3 (15.0) 3(12.5) >0.99
Pancreatic calcifications 14 (26.9) 14 (35.9) 0.37
Abnormal imaging 41 (77.4) 25 (65.8) 0.24
Symptoms 40 (100.0) 54 (100.0) >0.99
Histology 0 (0) 0 (0) >0.99
Biochemical parametersd
25-hydroxy Vitamin D, mean (SE), ng/mL 27.1(2.0) 22.8 (2.0) 0.13
Vitamin A, mean (SE), mcg/dL 50.5 (4.3) 68.1(18.8) 0.36
Vitamin E, mean (SE), mg/L 11.1 (1.0) 10.0 (1.1) 0.47
B12, mean (SE), pg/mL 688.5 (79.7) 8259 (94.7) 027
Zinc, mean (SE), mcg/mL 0.9 (0.05) 0.6 (0.04) 0.005
Selenium, mean (SE), ng/mL 137.5 (4.8) 125.4 (8.5) 0.22
Folate, mean (SE), ng/mL 16.9 (1.6) 16.9 (1.9) 0.99
Ferritin, mean (SE), ng/mL 143.9 (30.9) 154.6 (46.3) 0.84
Albumin, mean (SE), g/dL 4.3(0.07) 4.0 (0.09) <0.05
HgbA1c, mean (SE), % 6.5 (0.4) 8.1(0.8) 0.07
C-reactive protein, mean (SE), mg/dL 0.7 (0.2) 0.4 (0.2) 0.39

a, . - . . .
Active patient reported gastrointestinal symptoms at the time of the GBT.

Includes single or multiple factors: hypertriglyceridemia, celiac disease, and autoimmune pancreatitis.

Page 20

DType 3c includes 21 patients who were misclassified as Type 2 diabetes mellitus, including 11 patients who were SIBO-positive and 12 patients

who were SIBO-negative.

dNormaI values for biochemical parameters: Vitamin D 25-100 ng/mL; vitamin A 32.5-78.0 mcg/dL; vitamin E 5.5-17.0 mg/L; vitamin B12 211-
911 pg/mL; zinc 0.55-1.50 mcg/mL; selenium 70-150 ng/mL; folate 3.0-999.0 ng/mL; ferritin 6.0-155.0 ng/mL; albumin 3.5-4.9 g/dL; Hgb Alc

4.2-5.6%; C-reactive protein 0.0-0.6 mg/dL.

BMI, body mass index; CP, chronic pancreatitis; EPI, exocrine pancreatic insufficiency; PERT, pancreatic enzyme replacement therapy; SIBO,
small intestinal bacterial overgrowth; Variables with P values in bold were included in the multivariable logistic regression model, except for

HgbA1c due to confounding with DM.
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Table 2.

Multivariable analysis of a positive GBT-SIBO in patients with definite chronic pancreatitis (CP)

VARIABLE OR 95% ClI p
Lower  Upper

Model #1

CP severity factors

Diabetes mellitus (DM) 8.23 0.76 89.30  0.08
Prescribed Medications

Opiates 6.12 0.58 64.35 0.13
Biochemical predictors of SIBO

Zinc level (mcg/mL) 0.0001 0.0001 0.42 0.03
Model #2

CP severity factors

Mayo score (0-16) for CP 1.18 0.767 1.82 0.45
Prescribed Medications

Opiates 7.03 0.666 74.25 0.11
Biochemical predictors of SIBO

Zinc meg/mL 0.0001 0.0001 0.62 0.04

Two exploratory logistic regression models were constructed from 7 variables with p<0.1 in the univariable analyses (Table 1), each excluding Hgb
Alc due to confounding effects with the variable DM and accounting for correlations among the remaining 6 variables (Supplemental Table 1),
resulting in 3 variables per model, each having zinc level and opiate use but differing by having either DM or Mayo score, which were significantly
correlated (p< 0.001).

Avrea under the receiver operator characteristic (AUROC) curve was similar for Model #1 (C-statistic=0.89, 95% CI 0.758-1.000, p=0.001) and
Model #2 (C-statistic=0.88, 95% CI 0.74-1.00; p=0.002)

ClI, confidence interval; OR, odds ratio; SIBO, small intestinal bacterial overgrowth
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Table 3.

Clinical Characteristics of Patients with CP and SIBO Based on Response to Antibiotic therapy

Page 22

Clinical Characteristics Positive Symptom Response to Antibiotics Negative Symptom Response to p-value
(n=26) Antibiotics (n=7)

Mayo clinical score, median (IQR) 6 (3.75) 6 (3.5) 0.82
Abdominal pain, n (%) 21(80.8) 6(85.7) >0.99
Bloating, n (%) 19 (73.1) 4(57.1) 0.65
Gas, n (%) 9 (34.6) 1(14.3) 0.40
Diarrhea, n (%) 17 (65.4) 3 (42.9) 0.39
Constipation, n (%) 4(15.4) 1(14.3) >0.99
Nausea/\Vomiting, n (%) 8(30.8) 1(14.3) 0.64
Weight loss/Malabsorption, n (%) 7(26.9) 2(28.6) >0.99
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