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Abstract Concerns raised by several animal studies, case
reports, and pharmacovigilance warnings over incretin-
based therapy potentially exposing type two diabetes
patients to an elevated risk of pancreatitis have cast a shadow
on the overall safety of this class of drugs. This systematic
review evaluates the data from observational studies that
compared treatment with or without incretins and the risk of
pancreatitis. We searched PubMed for publications with the
key terms incretins or GLP-1 receptor agonists or DPP-4
inhibitors or sitagliptin or vildagliptin or saxagliptin or li-
nagliptin or alogliptin or exenatide or liraglutide AND pan-
creatitis in the title or abstract. Studies were evaluated
against the following criteria: design (either cohort or case—
control); outcome definition (incidence of pancreatitis);
exposure definition (new or current or past incretins users);
and comparison between patients receiving incretins or not
for type 2 diabetes. Two authors independently selected the
studies and extracted the data. Six studies meeting the
inclusion criteria were reviewed. No difference was found in

C. B. Giorda (X)) - L. Marafetti

Metabolism and Diabetes Unit, ASL TOS5, Regione Piemonte,
Chieri, Italy

e-mail: giordaca@tin.it

C. Sacerdote
Unit of Cancer Epidemiology, University of Turin, Turin, Italy

E. Nada
Chaira Medica Association, Chieri, Italy

1. Baldi
Unit of Biostatistics, Epidemiology and Public Health,
University of Padua, Padua, Italy

R. Gnavi
Epidemiology Unit, ASL TO3, Regione Piemonte, Grugliasco,
Italy

the overall risk of pancreatitis between incretin users and
non-users (odds ratio 1.08; 95 % CI [0.84-1.40]). A risk
increase lower than 35 % cannot be excluded according to
the power calculation. This systematic review and meta-
analysis suggests that type 2 diabetes patients receiving in-
cretin-based therapy are not exposed to an elevated risk of
pancreatitis. Limitations of this analysis are the low preva-
lence of incretin users and the lack of a clear distinction by
the studies between therapy with DPP-4 inhibitors or with
GLP-1 receptor agonists.

Keywords Incretins - Pancreatitis - Observational
studies - Meta-analysis - Type 2 diabetes

Background

Incretin-based therapies, because of their low hypoglyce-
mic risk and apparently acceptable tolerability profile [1-
3], are gaining wider use in current clinical practice for
treating type 2 diabetes. However, incongruent data from
experimental studies on rodents [4—6], recent case reports
in humans [7-9], and pharmacovigilance analyses [10, 11]
have been interpreted as providing evidence for the
hypothesis that exposure to incretins may be associated
with an increased risk of acute pancreatitis (AP), arousing
concern about the overall safety of this drug class. Inter-
pretations of the pharmacovigilance data in particular,
based on self-reported, uncontrolled cases, supported the
hypothesis for an almost 25-fold excess risk of developing
AP [11, 12].

The relationship between diabetes and AP is a complex
one in which many entangled factors, the disease itself,
comorbidities, and medications, come into play. There is
consensus that the incidence of AP is higher in patients
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with type 2 diabetes, especially among those receiving oral
antidiabetic agents [13—16], and that there are known risk
factors for AP, such as gallstones and obesity. Further
complicating the issue is that several drugs commonly used
in the treatment of type 2 diabetes have been reported to
increase the risk of AP [17-19].

Involved in this association are both the glucagon-like
peptide-1 (GLP-1) receptor agonist group, including
injectable drugs that mimic the action of native GLP-1,
such as the GLP-1 analogs exenatide and liraglutide, and
the dipeptidyl peptidase 4 (DPP-4) inhibitor group, com-
prising oral agents that delay the catabolism of native GLP-
1 mainly by inhibiting the endogenous enzyme DPP-4 [20].

Currently available randomized controlled trials (RCTs)
do not suggest any increase in the risk of pancreatitis during
treatment with incretins [21-23], but real-world data derived
from post-marketing and observational studies leave open
the possibility of an increased risk. Because AP is arelatively
rare event with many possible confounders and because the
current use of incretins is low, large-scale, rigorous obser-
vational studies are needed to detect this untoward effect and
to define the underlying factors in the real world. In lieu of
such studies, here we employed a meta-analytic approach to
examine the possible association between incretin exposure
and AP by gleaning salient information on available incretins
from observational studies. This was done with a view to help
practitioners evaluate the benefits versus risk when consid-
ering incretin-based therapy.

Methods
Search strategy and inclusion criteria

We searched the PubMed electronic database (last accessed
November 15, 2013) using the key terms (“Pancreati-
tis”[MeSH Terms] OR “pancreatitis”[All Fields]) AND
(incretin OR sitagliptin OR vildagliptin OR saxagliptin OR
alogliptin OR linagliptin OR exenatide OR liraglutide OR
glucagon-like peptide-1 agonist OR DPP-4 inhibitors) to
identify articles published in English in the past 10 years (01/
01/2003-31/10/2013) and referring to incretins and pancre-
atitis. The bibliographies of the retrieved publications,
including reviews and meta-analyses, were also checked.

Studies were screened for inclusion according to the
following criteria:

e Study design: cohort or case—control studies.

e QOutcome definition: incidence of and/or mortality and/
or hospitalization due to pancreatitis.

e Exposure definition: new or current or past incretins
users: sitagliptin OR exenatide OR vildagliptin OR
saxagliptin OR alogliptin OR linagliptin OR liraglutide.
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e Number of subjects, association measures, confidence
intervals (CI): studies had to report the CI for the
association measures at each exposure level.

Starting from the paper’s title and abstract, two inves-
tigators independently evaluated the study against the
inclusion criteria.

Data collection

The review was performed in accordance with guidelines
on meta-analyses. To diminish reporting bias and errors in
data collection, two independent reviewers abstracted the
data with a standardized form; disagreements were
resolved through discussion and consensus.

Quality assessment

Two reviewers independently assessed the quality of each study
against the Newcastle-Ottawa Scale (NOS). The NOS consists
of three parameters of quality: selection, comparability, and
exposure (case-control studies) or outcome (cohort studies).
The NOS assigns a maximum of four points for selection, two
for comparability, and three for exposure/outcome, wherein a
score of nine designates the highest quality. Any scoring dis-
crepancies were addressed by a joint re-evaluation of the ori-
ginal article with a third reviewer. Five was the minimum NOS
score for including a study in the analysis.

Statistical analysis

The estimates of relative risks (odds ratios for case—control
studies and risk ratios or hazard ratios for cohort studies)
were transformed to their natural logarithm before pooling.
Variances of the adjusted estimates on the log-scale are
derived from the 95 % confidence intervals (95 % CI)
reported in the original articles as ((log (95 % CI upper
limit)—log (95 % CI lower limit))/3.92)".

The analysis was stratified by study design (case—control
and cohort studies) using the Der Simonian and Laird
random effect model, with the estimate of heterogeneity
being taken from the inverse-variance fixed-effect model.
The I? statistic for heterogeneity was used. Although dif-
ferent summary measures have different interpretations, we
pooled hazard ratios (HRs) and risk ratios (RRs) since they
originate from time data based on the same study design.

Because pancreatitis is a rare event and because case—
control studies are nested in cohorts, we assumed that the
ORs would be unbiased estimates of the RRs; hence, we
report an overall estimate resulting from pooling all
studies.

To assess the statistical power of the meta-analysis, we
computed the power values for the two-sided Z test of no
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136 articles

>

121 abstracts

excluded

15 full-text articles reviewed

0 articles identified starting
from bibliographies of relevant
papers

ol

7 excluded

Study design other than cohort study or case-
control study: n=6

Pooled analysis of included studies: n=1

8 articles included (Table 1)

1 excluded because of
low quality

quality requirement

7 articles met the minimum

Exposure categories
evaluation

=

1 excluded because the risk for the
category “any use” or “initiators” was not
evaluated

6 included in the meta-analysis

Fig. 1 Search flow, quality assesment, and exposure categories

population effect (pooled RR = 1) against several alter-
native hypotheses (RR ranging from 1 to 1.5) [24]. As an
estimate of the variance of population effect, we consid-
ered the one coming from pooling all studies and the other
only from cohort studies, both under fixed effect models.

Statistical analyses were performed using R version
3.0.2 (R Core Team (2013). (A language and environment
for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL http://www.R-project.

org).

Results

Search results

In all, 15 articles were fully reviewed from among the 136
papers retrieved. Figure 1 illustrates the search flow.

Among the papers excluded because they did not meet the
criteria for study design, Dore et al. 2013 [25] was omitted
because it is a pooled analysis of two studies already
included in this meta-analysis (Dore et al. 2011 and
Wenten et al. 2012) [26, 27]. Tables 1 and 2 report the
characteristics of the eight studies included in the final
evaluation. The quality of included studies was poor, with
NOS ranging from 1 to 6. The study by Elashoff et al. [10]
was excluded because it did not fulfill the quality condi-
tions, and a second study by Dore published in 2011 [26]
was also excluded because it did not report the risk for the
exposure category “any use” or “initiators”.

At the end of selection, after excluding the two papers
mentioned above, six articles [27-32] met the inclusion
criteria for quality assessment and for reporting the risk
estimation for the exposure category “any use” or “initi-
ators”. Only one European study reported on exposure to
all the available compounds [32], two studies analyzed
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exposure to exenatide, and three studies to either exenatide
or sitagliptin.

Contrasting estimates from the case—control studies
(12 = 86 %) resulted in a pooled OR = 1.41 (95 % CI
0.68-2.94). For the sensitivity analysis, we included the
nested case—control reported in the 2011 paper by Dore
et al. [26], but the result was basically unchanged (OR
1.42; 95 % CI 0.75-2.69), overall OR 1.09 (95 % CI
0.86-1.38).

In contrast, individual estimates from the cohort studies
were largely homogeneous—as demonstrated by the ran-
dom effect models which coincided with those of the fixed
effect model—and were not suggestive of an increased risk
(RR = 0.94,95 % CI10.76-1.17) (Fig. 2). As shown by the
power functions (Fig. 3), this analysis lacked sufficient
statistical power to rule out positive associations measured
by RRs < 1.35. As expected, the global analysis suffers
from moderate heterogeneity, yielding an intermediate
weighted estimate of 1.08, which was not statistically
significant irrespective of the model assumptions (fixed or
random effect).

Newcastle-

Ottawa
score
0-9)

administrative claims database

Outcome and covariate variables from
administrative claims database

Outcome and covariate variables from

Limitations

Discussion

This systematic review and meta-analysis of data from
observational studies suggests no alarming increase in the
risk of pancreatitis during treatment with incretins. This
finding is shared by those of two meta-analyses of regis-
tration trials of the DPP-4 inhibitor [21, 33], which
excluded a higher risk of AP in treated patients. But
because the sample size and duration of the trials were
limited, the number of observed cases of incident pancre-
atitis was small and the final confidence intervals were too
wide.

Five out of the six retrieved observational studies failed
to detect a significant association between incretin expo-
sure and an elevated risk of AP. Interpreting observational
studies on the effects of drugs is always problematic owing
to the possible effect of bias and confounders. The lack of
randomization makes observational effect estimates vul-
nerable to bias by indication, due to the different prognosis
of individuals between treatment groups. Despite attempts
to adjust analyses for potentially relevant covariates, some
parameters are difficult to measure reliably in large patient
populations. For example, defining obesity or excluding
cases of pre-existing milder forms of chronic pancreatitis is
complicated in large datasets. Nonetheless, observational
studies have the advantage that they collect vast amounts
of information in a routine clinical setting, whereas RCTs
involve only a limited number of patients who are not
necessarily representative of those receiving prescriptions
in the real world.

(age > 41) from regional administrative data
from Piedmont. Included: 1003 cases and 4012

controls Excluded: type 1 diabetes patients

Shield Association plans. Cases: all diabetes
patients (age 18—64) with pancreatitis after first

exposure to an antihyperglycemic drug.

Controls: all diabetes patients without

pancreatitis after first exposure to an
matching). Excluded: patients with pancreatitis

antihyperglycemic drug. Included: 1269 cases
before May 2005

Administrative database from Blue Cross Blue
and 1269 controls (incidence density

Cohort of 282,000 type 2 diabetes patients

Study population

Follow-up duration

patients, February 2005—

Population-based case—
control study nested in a
cohort of diabetes
December 2008
in a population-based
cohort, January 2008—
December 2012

Study design, years

USA

Italy

Giorda CB, 2013 Case—control study nested

Table 1 continued

First author,
year, country
Singh S, 2013,

@ Springer
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Fig. 3 Power functions of two-sided tests of no population effect
(RR = 1) against the alternative hypotheses on the x axis

Finally, genetically predisposed persons may be at
increased risk of developing AP, a condition similar to the
recent demonstration that certain genotypes and epitopes
predispose to autoimmune AP [37], which might explain
the severe pancreatitis some case reports have described
[7-9]. Likewise, our findings cannot rule out the silent
destruction of pancreatic cells, as revealed by increased
serum amylase and lipase levels [38]. This issue will need
to be addressed with a prospective analysis of the outcome
of patients found to have abnormal levels of pancreatic
enzymes.

1 2 35

In conclusion, the major strength of this study is that the
systematic review and meta-analysis of available studies is
robust enough to reassure the practitioner that the claims
for a 25-fold excess of risk are unfounded, even though a
risk increase lower than 35 % cannot be completely
excluded. The safety profile of type 2 diabetes drugs has
come under increased scrutiny as the prevalence of dia-
betes continues to rise and ever more patients receive
treatment for the condition. More research is needed,
especially large cohort studies that could account for
covariates in drug- and patient-related characteristics. A
further area of focus is research into potential harmful
effects on the exocrine pancreas beyond AP.
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