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The risk of pancreatitis with sitagliptin therapy in older adults:

a population-based cohort study

Kristin K. Clemens MD, Eric McArthur MSc, Jamie L. Fleet BHSc, Irene Hramiak MD,

Amit X. Garg MD PhD

Background: The risk of pancreatitis with sitagliptin use in routine care remains to be established in older patients. We aimed to
determine this risk in older adults who were newly prescribed sitagliptin versus an alternative hypoglycemic agent in the outpatient
setting.

Methods: In a population-based retrospective cohort study in Ontario from 2010 until 2012 involving adults aged 66 years and older,
we studied those who were newly prescribed sitagliptin or an alternative hypoglycemic agent. Our primary outcome of interest was a
hospital encounter (emergency department visit or hospital admission) with acute pancreatitis within 90 days. We used inverse prob-
ability of treatment weighting to balance the 2 groups and logistic regression with a robust variance estimate to calculate odds ratios
(ORs) and 95% confidence intervals (Cls).

Results: A total of 57 689 patients (mean age 74 yr) were newly prescribed sitagliptin, and 83 405 patients (mean age 75 yr) were
given an alternative hypoglycemic agent (metformin, glyburide, gliclazide or insulin) during the study period. After weighting, there
were no significant differences in measured baseline characteristics between groups. In the weighted sample, sitagliptin was not
associated with an increased risk of a hospital encounter with pancreatitis compared with alternative hypoglycemic agents (weighted
total 46 of 57 689 patients taking sitagliptin [0.08%] v. 48 of 55 705 patients taking alternative hypoglycemic agents [0.09%)], absolute
risk difference —0.01% [95% CI —0.05% to 0.02%], OR 0.92 [95% CI 0.55 to 1.55]).

Interpretation: Older adults newly prescribed sitagliptin in routine care were not at a substantially higher risk of pancreatitis than
those prescribed alternative hypoglycemic agents. These findings are reassuring for those who use or prescribe sitagliptin in the
management of type 2 diabetes.

itagliptin, a dipeptidyl-peptidase-4 (DPP-4) inhibitor,
reduces blood glucose by decreasing glucagon secre-
tion and blocking the breakdown of glucagon-like pep-
tide-1, an incretin hormone that stimulates insulin secretion
in a glucose-dependent fashion.! Sitagliptin was the first
DPP-4 inhibitor approved on the Ontario’s general benefits
formulary in June of 2010. Because of its relative potency (it
decreases glycosylated hemoglobin by up to 1% as mono-
therapy) and low risk of hypoglycemia,? sitagliptin use has
increased substantially over recent years (more than 700 000
prescriptions in Ontario from June 2010 to June 2012).}
Despite its benefits, sitagliptin has been linked with pan-
creatitis in case reports, animal studies and postmarketing
drug surveillance studies.*” It has been postulated that incre-
tin drugs (including DPP-4 inhibitors and glucagon-like
peptide-1 agonists) might promote pancreatitis by increasing
pancreatic mass, modifying enzyme secretion, disturbing
acinar architecture, promoting inflammation, or increasing
ductal turnover and metaplasia.>® As pancreatitis can lead to
morbidity and mortality, warnings of the association have
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been published by regulatory agencies, pharmaceutical compa-
nies and diabetes association guidelines (Appendix 1, available
at www.cmajopen.ca/content/3/2/E172/suppl/DC1).
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In real-practice observational studies, however, the link
between DPP-4 inhibitors and pancreatitis has been inconsis-
tently described, and studies have been limited in their collec-
tion of baseline covariates, drug use and health care use.>””
Studies have also used self-reported outcomes,””!* and have
been limited to younger populations, making results less gen-
eralizable to older adults.>!! We thus aimed to examine the
risk of acute pancreatitis with sitagliptin therapy in routine
care in a large, representative population of older adults.

Study design and setting

We conducted a population-based retrospective cohort study
involving adults aged 66 years and older from June 2010 to
December 2012 using linked (via unique, encoded identifiers)
health care databases in Ontario, Canada. Ontario has about
1.8 million adults aged 65 years and older who have compre-
hensive universal health care. This includes coverage for out-
patient prescription medications, physician services, hospital
admissions and diagnostic tests.!?

"This study was conducted at the Institute for Clinical Eval-
uative Sciences according to a prespecified protocol that was
approved by the research ethics board at Sunnybrook Health
Sciences Centre (Toronto, Canada). Informed consent was
not required. Our report follows guidelines for the descrip-
tion of observational studies.!

Data sources

We obtained patient characteristics, drug use, covariate infor-
mation and outcome data using records from 6 databases. Vital
statistics were obtained from the Registered Persons Database
of Ontario, which holds demographic information on all resi-
dents who have been issued a health card. The Ontario Drug
Benefit Program database contains accurate records of all drug
formulary medications dispensed to those aged 65 years and
older, with an error rate of less than 1%.1* Diagnostic and pro-
cedural information on hospital admissions and emergency
department visits was abstracted from the Canadian Institute
for Health Information’s Discharge Abstract Database and the
National Ambulatory Care Reporting System database,
respectively. Covariate information was derived from the
Ontario Health Insurance Plan database, which includes health
claims for inpatient and outpatient physician services. We used
the Institute for Clinical Evaluative Sciences Physician Data-
base to determine prescriber information. Previous studies
have used these databases to research adverse drug events and
outcomes. 1 A subpopulation in southwestern Ontario had
outpatient glycosylated hemoglobin measurements available
before a new hypoglycemic agent prescription.”

With the exception of prescriber information (missing in
about 9.6%) and income quintile (missing in about 0.4%),
databases were complete for all variables used. International
Statistical Classification of Diseases and Related Health Prob-
lems, 10th revision (post-2002) and Canadian Classification of
Health Interventions (post-2002) codes were used to assess
baseline comorbidities and investigations in the 5 years before
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the hypoglycemic agent prescription (Appendix 2, available at
www.cmajopen.ca/content/3/2/E172/suppl/DC1). Codes
used to assess the outcome of acute pancreatitis are detailed in
Appendix 3 (available at www.cmajopen.ca/content/3/2/E172/
suppl/DC1).

Patient selection

To mimic routine practice, we studied older adults newly pre-
scribed sitagliptin or an alternative hypoglycemic agent (met-
formin, glyburide, gliclazide or insulin) between June 2010
(when sitagliptin was first openly listed on the province’s for-
mulary) and December 2012. The date of the new hypoglyce-
mic drug prescription served as the index date (cohort entry
date or start time for follow-up).

In the sitagliptin group we excluded the following patients:
those in their first year of eligibility for prescription drug cov-
erage (aged 65 yr) to avoid incomplete medication records;
those with a hospital discharge in the 2 days before or on the
index date to ensure these were new sitagliptin prescriptions
(in Ontario, patients continuing a medication initiated in hos-
pital typically have their medication dispensed on the same day
or the day after discharge); those with a code for anesthesia or
an epidural in the 30 days before the index date to exclude
those with a recent surgery, a risk factor for pancreatitis; those
with evidence of a pancreas transplant or pancreatectomy in
the 5 years before the index date, to exclude those with surgical
manipulation of the pancreas; those with a prescription for 1 or
more DPP-4 inhibitors in the 1 year prior (to define new use);
and those prescribed saxagliptin or a sitagliptin-metformin
combination pill (to restrict to sitagliptin use only).

In patients prescribed an alternate hypoglycemic agent, we
applied similar exclusion criteria with differences as follows.
We excluded those initiated on metformin without evidence of
a code for diabetes in the Ontario Diabetes Database,?! because
diabetes itself is a risk factor for pancreatitis, and metformin can
be prescribed for indications other than diabetes;*” those with a
prescription for the same hypoglycemic agent in the 1 year
prior (to define new use); those with a prescription for a DPP-4
inhibitor in the 1 year prior (to compare mutually exclusive
groups); and those who were previously entered in the sita-
gliptin cohort. A patient could enter the cohort only once.

Exposure

For the primary analysis, we used an “intention to treat” expo-
sure definition. Following a new hypoglycemic agent prescrip-
tion, patients were followed until they experienced the primary
outcome (defined below), reached 90 days of follow-up or died.

Outcomes

The primary outcome was a hospital encounter (emergency
department visit or hospital admission) with acute pancreatitis
within 90 days of the index date. We chose 90 days of follow-up
to avoid crossover in drug therapy that could occur with longer
periods of follow-up, because prescriptions covered by Ontar-
i0’s drug plan are prescribed at no more than 100-day intervals,
and because previous reports have suggested that patients may
be at risk for pancreatitis within this time frame of study.*!**
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Statistical analysis

We used standardized differences to compare baseline charac-
teristics between groups. This metric describes differences
between group means relative to the pooled standard devia-
tion and is considered meaningful if greater than 10%.%

The propensity score was derived from a logistic regression
model with 29 baseline covariates incorporated into the score
based on prior recommended methods (Appendix 4, available
at www.cmajopen.ca/content/3/2/E172/suppl/DC1).>* Inverse
probability of treatment weights were calculated using the
propensity model to create a sample in which the distribution
of measured baseline covariates was independent of treatment
assignment.?*

For the reference group, we considered those prescribed
an alternative hypoglycemic agent. We expressed the risk of
acute pancreatitis in relative and absolute terms. To calculate
odds ratios (ORs) and 95% confidence intervals (Cls), we fit a
logistic regression model using a robust variance estimate,
accounting for inverse probability of treatment weights.

We conducted all analyses with SAS version 9.3 including
analyses we undertook after knowledge of the primary results.
We interpreted 2-tailed p values less than 0.05 as significant.

Sensitivity analyses

In time-to-event analysis we extended follow-up beyond 90
days, terminating the observation period for reasons of death,
discontinuation of the study hypoglycemic agent, receipt of a
nonstudy hypoglycemic agent or the last date of available

Patients with an outpatient
prescription for a DPP-4 inhibitor
n =82 209

Excluded n =24 520

* Age < 66 yr at time of oral hypoglycemic
agent prescription n = 6379

— e Hospital discharge in the 2 d before or on
prescription date n =188

* Code for anesthesia or an epidural in the
30 d before index date n =88

* Pancreas transplant or pancreatectomy in
the 5 yr before prescription date n = 62

» Patients with > 1 eligible prescription date
(restricted to first) n = 7881

» Patients prescribed saxagliptin or
sitagliptin—metformin combination pill

n =9922
Y
Patients included in study
before weighting

n =57 689

A 4
Weighted total
n =57 689

Figure 1: Flow diagram representing patient selection in the sita-
gliptin cohort. Note: DPP-4 = dipeptidyl-peptidase-4.
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records (Mar. 31, 2013). We also restricted our cohort to
patients accrued after June 2011 to address the possibility of
incomplete DPP-4 inhibitor records before June 2010, because
sitagliptin became available on the general access formulary in
June 2010. Differences in diagnostic testing between groups
were evaluated over the course of follow-up by investigating the
proportion of patients with amylase and lipase tests. Finally, we
examined separately the risk of pancreatitis in patients taking
metformin, sulfonylurea and insulin, and in those where the
relevant hypoglycemic agent was prescribed as monotherapy or
in the setting of another hypoglycemic agent or agents.

Baseline characteristics

Patient selection is presented in Figures 1 and 2. There were
57 689 patients newly prescribed sitagliptin and 83 405
patients newly prescribed an alternative hypoglycemic agent
over the course of study. Before weighting, patients given sita-
gliptin were younger and taking more medications, and in the
years prior, had fewer hospital visits and more diagnostic test-
ing than patients given alternative hypoglycemic agents. After
weighting, there were 57 689 in the sitagliptin group and 55

Patients with an outpatient
prescription for gliclazide, glyburide,
metformin or insulin
n =411 959

Excluded from study n =328 554

—— ¢ Age < 66 yr at time of oral hypoglycemic
agent prescription n =24 826

* Hospital discharge in the 2 d before or on
the prescription date n = 1046

* Code for anesthesia or an epidural in the
30 d before index date n =242

* Prescribed metformin with no evidence of
diabetes in the Ontario Diabetes Database
n=11151

* Pancreas transplant or pancreatectomy in
the 5 yr before prescription date n = 290

* Prescription for the same alternative
hypoglycemic agent in the 1 yr before the
prescription date n =262 073

* Prescription for a DPP-4 inhibitor in the 1 yr
before the prescription date n = 12 859

* Previously included in the sitagliptin cohort

n =16 067
A4
Patients included in study
before weighting

n =83 405

A4
Weighted total
n =55 705

Figure 2: Flow diagram representing patient selection in the alternative
hypoglycemic agent cohort. Note: DPP-4 = dipeptidyl-peptidase-4.



705 in the alternative hypoglycemic agent group, and charac-
teristics were similar between the groups (standardized differ-
ence less than 10%). Baseline characteristics are outlined in
Tables 1-3 and Appendix 5 (available at www.cmajopen.ca/
content/3/2/E172/suppl/DCI1).

Beyond the index prescription, 84.7% and 76.1% of
patients given sitagliptin and alternative hypoglycemic agents,
respectively, filled at least 1 additional prescription for the rel-
evant hypoglycemic agent. The duration of continuous study
drug use (defined by the duration of 1 prescription overlap-
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ping with a subsequent prescription, allowing for a 10-day
grace period between prescriptions), was about 81, 64, 91, 82
and 108 days in the sitagliptin, insulin, glyburide, gliclazide
and metformin groups, respectively.

Outcomes

Results for the primary outcome of pancreatitis are presented
in Table 4. Sitagliptin use was not associated with a higher
90-day risk of a hospital encounter with pancreatitis than
alternative hypoglycemic agent use (weighted total 46 of 57

Table 1: Characteristics in patients given sitagliptin or an alternative hypoglycemic agent, before and after propensity weighting
No. (%) of patients*
Before weighting After weightingt
Alternative
Alternative hypoglycemic
Sitagliptin hypoglycemic agent  Standardized Sitagliptin agent Standardized
Characteristic n =57 689 n =83 405 difference, %t n =57 689 n =55705 difference, %%
Age at index date, yr
Mean 73.98 75.07 17 73.98 74.07 2
Median 73 74 73 73
Standard deviation 6.25 6.93 6.25 5.20
66-70 21 105 (36.58) 26 880 (32.23) 9 21105 (36.58) 20 171 (36.21) 1
71-75 15 829 (27.44) 21282 (25.52) 4 15 829 (27.44) 15199 (27.28) 0
76-80 11 228 (19.46) 16 397 (19.66) 0 11 228 (19.46) 10 661 (19.14) 1
81-85 6 431 (11.15) 11 112 (13.32) 7 6 431 (11.15) 6 350 (11.40) 1
86—-90 2461 (4.27) 5828 (6.99) 12 2461 (4.27) 2678 (4.81) 3
> 90 635 (1.10) 1906 (2.29) 9 635 (1.10) 646 (1.16) 1
Female sex 27 584 (47.82) 40 312 (48.33) 27 584 (47.82) 26 279 (47.18) 1
Rural location 5997 (10.40) 12 396 (14.86) 13 5997 (10.40) 6275 (11.26) 3
Long-term care facility 1446 (2.51) 5581 (6.69) 20 1446 (2.51) 1594 (2.86) 2
Income quintile§
1 12 582 (21.81) 18 233 (21.86) 0 12 582 (21.81) 12 447 (22.34) 1
2 13 048 (22.62) 18 029 (21.62) 2 13 048 (22.62) 12 134 (21.78) 2
3 11 601 (20.11) 16 572 (19.87) 1 11 601 (20.11) 11 150 (20.02) 0
4 10 860 (18.83) 16 320 (19.57) 2 10 860 (18.83) 10 845 (19.47) 2
5 9 419 (16.33) 13 878 (16.64) 1 9 419 (16.33) 8894 (15.97) 1
Missing 179 (0.31) 373 (0.45) 2 179 (0.31) 234 (0.42) 2
Prescribing physician
Endocrinology 4813 (8.34) 3042 (3.65) 20 4813 (8.34) 5047 (9.06) 3
General practice 42 925 (74.41) 66 305 (79.50) 12 42 925 (74.41) 40948 (73.51) 2
Internal medicine 2454 (4.25) 2281 (2.73) 8 2 454 (4.25) 2407 (4.32) 0
Nephrology 342 (0.59) 778 (0.93) 4 342 (0.59) 360 (0.65) 1
Other 1830 (3.17) 2252 (2.70) 3 1830 (3.17) 1727 (3.10) 0
Missing 5325 (9.23) 8169 (9.79) 2 5325 (9.23) 5216 (9.36) 0
*Unless stated otherwise.
TAIll patients identified before weighting were included in the analyses. The number of patients indicated represents a weighted total.
iStandardized differences are less sensitive to sample size than traditional hypothesis tests. They provide a measure of the difference between groups divided by the
pooled standard deviation; a value greater than 10% is interpreted as a meaningful difference between the groups.
§Income was categorized into fifths of average neighbourhood income on the index date.
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689 patients taking sitagliptin [0.08%] v. 48 of 55 705 patients
taking alternative hypoglycemic agents [0.09%], absolute risk
difference -0.01% [95% CI —-0.05% to 0.02%], OR 0.92
[95% CI0.55 to 1.55]).

Sensitivity analyses

Our findings remained robust in sensitivity analyses. Results of
the time to event analysis are shown in Table 5. Sitagliptin use
was not associated with a higher risk of a hospital encounter

Table 2: Comorbidities in patients given sitagliptin or an alternative hypoglycemic agent, before and after propensity weighting
No. (%) of patientst
Before weighting After weightingt
Alternative Alternative
hypoglycemic hypoglycemic
Sitagliptin agent Standardized Sitagliptin agent Standardized

Comorbidities™ n =57 689 n =83 405 difference, %§ n =57 689 n=55705 difference, %§
Gallstones/biliary stones 2163 (3.75) 3152 (3.78) 0 2163 (3.75) 2059 (3.70) 0
Calcium disorder 123 (0.21) 273 (0.33) 2 123 (0.21) 154 (0.28) 1
Alcoholism 240 (0.42) 659 (0.79) 5 240 (0.42) 338 (0.61) 3
Tobacco use 3128 (5.42) 4662 (5.59) 1 3128 (5.42) 3222 (5.78) 2
Pancreatic neoplasm 101 (0.18) 250 (0.30) 3 101 (0.18) 178 (0.32) 3
Endoscopic retrograde 281 (0.49) 561 (0.67) 2 281 (0.49) 334 (0.60) 2
cholangiopancreatography
Chronic kidney diseasef| 6 069 (10.52) 10 321 (12.37) 6 6 069 (10.52) 6 714 (12.05) 5
Bile duct neoplasm 118 (0.20) 272 (0.33) 2 118 (0.20) 158 (0.28) 2
HIV 50 (0.09) 67 (0.08) 0 50 (0.09) 33 (0.06) 1
Systemic lupus 739 (1.28) 1107 (1.33) 0 739 (1.28) 659 (1.18) 1
erythematosus
Polyarteritis nodosa 216 (0.37) 429 (0.51) 2 216 (0.37) 248 (0.45) 1
Celiac disease 78 (0.14) 158 (0.19) 1 78 (0.14) 103 (0.18) 1
Obesity 4219 (7.31) 5468 (6.56) 3 4219 (7.31) 3696 (6.63) 3
Charlson comorbidity index**

Mean 1.13 1.22 5 1.13 123 7

0-1 40 624 (70.42) 57 156 (68.53) 4 40 624 (70.42) 37 816 (67.89) 5

2 7 861 (13.63) 10 430 (12.51) 3 7 861 (13.63) 8 053 (14.46) 2
>3 9 204 (15.95) 15 819 (18.97) 8 9 204 (15.95) 9 836 (17.66) 5
Diabetic retinopathy 636 (1.10) 842 (1.01) 1 636 (1.10) 783 (1.41) 3
Diabetic neuropathy 576 (1.00) 843 (1.01) 0 576 (1.00) 597 (1.07) 1
Peripheral vascular disease 679 (1.18) 1259 (1.51) 3 679 (1.18) 740 (1.33) 1
Heart failure 6 606 (11.45) 11 932 (14.31) 9 6 606 (11.45) 7 068 (12.69) 4
Coronary artery bypass graft 1766 (3.06) 2553 (3.06) 0 1766 (3.06) 1781 (3.20) 1
Hypertension 49 934 (86.56) 64 828 (77.73) 23 49 934 (86.56) 48 277 (86.67) 0
Coronary artery disease 16 299 (28.25) 23 740 (28.46) 0 16 299 (28.25) 16 144 (28.98) 2
Myocardial infarction 1243 (2.15) 2479 (2.97) 5 1243 (2.15) 1381 (2.48) 2
Stroke/transient ischemic 1377 (2.39) 3011 (3.61) 7 1377 (2.39) 1535 (2.76) 2
attack
Dialysis 1251 (2.17) 2992 (3.59) 8 1251 (2.17) 1545 (2.77) 4
Renal transplant 30 (0.05) 118 (0.14) 3 30 (0.05) 62 (0.11) 2
Hypoglycemia 770 (1.33) 1354 (1.62) 2 770 (1.33) 818 (1.47) 1
Acute or chronic pancreatitis 216 (0.37) 467 (0.56) 3 216 (0.37) 267 (0.48) 2
Hyperglycemic emergency 117 (0.20) 245 (0.29) 2 117 (0.20) 162 (0.29) 2
*Comorbidities were assessed by administrative database codes in the previous 5 years.
tUnless stated otherwise.
FAll patients identified before weighting were included in the analyses. The number of patients indicated represents a weighted total.
§Standardized differences are less sensitive to sample size than traditional hypothesis tests. They provide a measure of the difference between groups divided by the
pooled standard deviation; a value greater than 10% is interpreted as a meaningful difference between the groups.
fWe identified individuals with chronic kidney disease using a validated algorithm of diagnosis and physician claim codes. In Ontario, this algorithm identifies patients with
a median estimated glomerular filtration rate (eGFR) of 38 mL/min per 1.73 m? (interquartile range 27 to 52). Its absence identifies patients with a median eGFR of 69 mL/
min per 1.73 m? (interquartile range 56 to 82). See Fleet et al.®
**Charlson comorbidity index was calculated using 5 years of hospital admission data. “No hospital admissions” received a score of 0. See Charlson et al.®

E176 CMAJ OPEN, 3(2)



OPEN

cmajopen.ca/content/3/2/E172/suppl/DC1). Similar propor-
tions of amylase and lipase tests were noted in the 2 groups
(Appendix 7, available at www.cmajopen.ca/content/3/2/E172/
suppl/DC1). Appendices 7-9 (available at www.cmajopen.ca/
content/3/2/E172/suppl/DC1) illustrate similar low event rates
across groups of study.

with pancreatitis than alternative hypoglycemic agent use (Cox
proportional hazards model with inverse probability of treat-
ment weights; hazard ratio [HR] 1.18 [95% CI 0.94 to 1.49].
"The analysis of patients newly prescribed sitagliptin or an alter-
native hypoglycemic agent after June 2011 produced results
similar to our primary analysis (Appendix 6, available at www.

Table 3 (part 1 of 2): Medication and laboratory data in patients given sitagliptin or an alternative hypoglycemic agent, before and
after propensity weighting
No. (%) of patients*
Before weighting After weightingt
Alternative hypoglycemic Alternative

Medication and Sitagliptin agent Standardized Sitagliptin hypoglycemicagent n = Standardized
laboratory data n =57 689 n = 83 405 difference, %% n =57 689 55 705 difference, %%
Medication use before the index date§
Diuretics 18 516 (32.10) 28 090 (33.68) 3 18 516 (32.10) 18 644 (33.47) 3
Anti-inflammatories 10 816 (18.75) 13 157 (15.77) 8 10816 (18.75) 10 268 (18.43) 1
Glucocorticoids 11 297 (19.58) 16 121 (19.33) 1 11 297 (19.58) 11 350 (20.38) 2
Sulfonamides 859 (1.49) 1647 (1.97) 4 859 (1.49) 1029 (1.85) 3
Tetracyclines 85 (0.15) 152 (0.18) 1 85 (0.15) 128 (0.23) 2
Lipid-lowering drugs 43 829 (75.97) 51532 (61.79) 31 43 829 (75.97) 42 210 (75.77) 0
Estrogen therapy 601 (1.04) 886 (1.06) 0 601 (1.04) 689 (1.24) 2
B-blockers 18 780 (32.55) 25985 (31.16) 3 18 780 (32.55) 19 343 (34.72) 5
Azathioprine 74 (0.13) 139 (0.17) 1 74 (0.13) 67 (0.12) 0
Acetaminophen 2981 (5.17) 4 455 (5.34) 1 2981 (5.17) 2871 (5.15) 0
Methyldopa 92 (0.16) 129 (0.15) 0 92 (0.16) 111 (0.20) 1
Tamoxifen 65 (0.11) 84 (0.10) 0 65 (0.11) 42 (0.08) 1
ACE inhibitors 26 098 (45.24) 32599 (39.09) 12 26 098 (45.24) 25 536 (45.84) 1
Angiotensin 19 645 (34.05) 21037 (25.22) 19 19 645 (34.05) 18 335 (32.91) 2
receptor blockers
Aliskiren 1394 (2.42) 951 (1.14) 10 1394 (2.42) 979 (1.76) 5
Codeine 5667 (9.82) 7 468 (8.95) 3 5667 (9.82) 5693 (10.22) 1
Mesalamine 55 (0.10) 63 (0.08) 1 55 (0.10) 43 (0.08) 1
Metronidazole 730 (1.27) 1129 (1.35) 1 730 (1.27) 774 (1.39) 1
Sulindac 37 (0.06) 41 (0.05) 1 37 (0.06) 28 (0.05) 1
Valproic acid 41 (0.07) 94 (0.11) 1 41 (0.07) 53 (0.10) 1
Amiodarone 336 (0.58) 639 (0.77) 2 336 (0.58) 377 (0.68) 1
Lamivudine 12 (0.02) 12 (0.01) 0 12 (0.02) <5 —
Omeprazole 2343 (4.06) 3519 (4.22) 1 2343 (4.06) 2639 (4.74) 3
Erythromycin 43 (0.07) 54 (0.06) 0 43 (0.07) 32 (0.06) 1
Hypoglycemic agents prescribed in the 120 d before index dateq]
Insulin 4505 (7.81) 3164 (3.79) 17 4505 (7.81) 4001 (7.34) 2
Gliclazide 17 142 (29.71) 4566 (5.47) 67 17 142 (29.71) 14 734 (26.45) 7
Glyburide 13 807 (23.93) 12 681 (15.20) 22 13 807 (23.93) 14 847 (26.65) 6
Metformin 43135 (74.77) 20987 (25.16) 14 43135 (74.77) 41 592 (74.66) 0
Pioglitazone 5812 (10.07) 1863 (2.23) 33 5812 (10.07) 5949 (10.68)
Repaglinide 341 (0.59) 194 (0.23) 6 341 (0.59) 228 (0.41)
Rosiglitazone 2015 (3.49) 524 (0.63) 20 2015 (3.49) 1956 (3.51)
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In our cohort, the initiation of sitagliptin was not associated with
a higher 90-day risk of a hospital encounter with acute pancre-
atitis than the initiation of metformin, glyburide, gliclazide or
insulin in routine care.

The findings of our study are consistent with the results of
randomized controlled trials. A recent systematic review and

meta-analysis of 55 randomized trials (33 350 patients) found no
difference in the risk of pancreatitis between patients prescribed
incretin drugs versus patients prescribed a placebo, lifestyle or
other oral hypoglycemic agents (OR 1.11, 95% CI 0.57 to
2.17).%7 A cardiovascular study of patients randomly assigned to
saxagliptin or placebo found that rates of acute pancreatitis were
similar in both groups (22 of 8280 patients given saxagliptin
[0.3%] v. 16 of 8212 patients given placebo [0.2%], p = 0.42).28

after propensity weighting

Table 3 (part 2 of 2): Medication and laboratory data in patients given sitagliptin or an alternative hypoglycemic agent, before and

No. (%) of patients*

Before weighting

After weightingt

Medication and Sitagliptin Alternative hypoglycemic Standardized Sitagliptin Alternative hypoglycemic Standardized
laboratory data n =57 689 agent n = 83 405 difference, %% n =57 689 agent = 55 705 difference, %%
Hypoglycemic agents prescribed on the index date**
Insulin 1010 (1.75) <5ttt — 1010 (1.75) 0 19
Gliclazide 6 232 (10.80) 5578 (6.69) 15 6232 (10.80) 0 49
Glyburide 2982 (5.17) 6198 (7.43) 9 2982 (5.17) 0 33
Metformin 14 174 (24.57) 1324 (1.59) 73 14 174 (24.57) 0 81
Pioglitazone 652 (1.13) 409 (0.49) 7 652 (1.13) 771 (1.38) 2
Repaglinide 61 (0.11) 27 (0.03) 3 61 (0.11) 13 (0.02)
Rosiglitazone 89 (0.15) 51 (0.06) 3 89 (0.15) 105 (0.19) 1
Hypoglycemic agents prescribed in the 1 yr to 120 d before the index datett
Insulin 4671 (8.10) 5272 (6.32) 37 4671 (8.10) 4213 (756) 2
Gliclazide 17 175 (29.77) 5886 (7.06) 61 17175 (29.77) 14 249 (25.58) 9
Glyburide 17 038 (29.53) 15101 (18.11) 27 17 038 (29.53) 17 053 (30.61) 2
Metformin 45 376 (78.66) 27 777 (33.30) 103 45 376 (78.66) 41 580 (74.64) 9
Pioglitazone 7 023 (12.17) 2918 (3.50) 33 7023 (12.17) 6 493 (11.66) 2
Repaglinide 450 (0.78) 372 (0.45) 4 450 (0.78) 353 (0.63) 2
Rosiglitazone 2981 (5.17) 1123 (1.35) 22 2981 (5.17) 2447 (4.39) 4
Recent test for glycosylated hemoglobin levels 16 413 (28.45) 14 837 (26.63) 4
Glycosylated hemoglobin level, %

Mean 77 78 8

Median 74 75

25th percentile 6.9 6.9

75th percentile 8.2 8.4

Standard deviation 1.3 1.2

*Unless stated otherwise.

TAIll patients identified before weighting were included in the analyses. The number of patients indicated represents a weighted total.
iStandardized differences are less sensitive to sample size than traditional hypothesis tests. They provide a measure of the difference between groups divided by the
pooled standard deviation; a value greater than 10% is interpreted as a meaningful difference between the groups.
§Baseline medication use was assessed in the previous 120 days. There were no prescriptions for pentamidine, flucytosine, clomiphene, clozapine, acarbose,

acetohexamide, chlorpropamide, glimepiride, nateglinide or tolbutamide. There were less than 1% prescriptions for dapsone, isoniazid, procainamide, methimazole and

nelfinavir.

{Hypoglycemic agent use in the previous 120 days includes hypoglycemic drugs prescribed from —120 to —1 day before the index date where days’ supply covered the index

date.

**Hypoglycemic agent use on the index date refers to hypoglycemic drugs prescribed on the same day as study drug (index date).

ttHypoglycemic agent use in the previous 365 to 120 days includes those hypoglycemic drugs prescribed from —365 to —120 days before the index date.

tfNumbers less than 6 were not reported for privacy reasons.
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Our results are also consistent with previous observational
studies. In a cohort study of 16 276 patients given sitagliptin
and 16 281 matched patients given metformin or glyburide,
the risk of acute pancreatitis was similar (relative risk 1.0, 95%
CI 0.5 to 2.0).?” An additional cohort study noted comparable
rates of pancreatitis in patients taking sitagliptin and alterna-
tive hypoglycemic agents (adjusted HR 1.0, 95% CI 0.7 to
1.3),’ as did a recent report of 20 748 patients taking incretin
drugs and 51 712 patients taking sulfonylureas (adjusted HR
1.00, 95% CI 0.59 to 1.70).° Further, a study of 1003 cases
and 4012 matched controls found that use of incretin drugs in
the 6 months prior was not associated with pancreatitis (OR
0.98, 95% CI 0.69 to 1.38).’! Similar results were noted in a
recent Chinese case—control study.*?

Our results, however, differ from those of published stud-
ies that report a higher risk of pancreatitis with use of DPP-4
inhibitors. Studies using the US Food and Drug Administra-
tion database have found that patients taking incretin drugs
had a higher odds of pancreatitis (OR 6.74, 95% CI 4.61 to
10.00) than patients taking other oral agents,” and that the
odds of pancreatitis in patients taking DPP-4 inhibitors was
20.8 tmes (95% CI 12.6 to 34.5) the odds of pancreatitis in
those taking other hypoglycemic agents.!® A French surveil-
lance study also noted that the rate of exposure to DPP-4
inhibitors was higher in cases of pancreatitis versus non—cases
of pancreatitis (67 patients taking DPP-4 inhibitors in 147
cases of pancreatitis v. 421 patients taking DPP-4 inhibitors in
2962 non—cases of pancreatitis, adjusted reporting OR 12.1,
95% CI 7.3 to 20.0).” These studies, however, may have been
subject to reporting bias as events were self-reported and may
have been inflated by external factors.”’

An additional case—control study found that the adjusted
odds of acute pancreatitis in those who currently (within 30 d)
(OR 2.24, 95% CI 1.36 to 3.68) and who had recently used
incretin drugs (past 30 d and less than 2 yr) was higher (OR
2.01, 95% CI 1.37 to 3.18) than in those who had not used
incretin drugs.!! This study performed a more limited assess-
ment of baseline covariates and indices of health care use, and,
because it was completed in a younger population (mean age
52 yr), may not be fully generalizable to older adults.

OPEN

Strengths and limitations

Our study has several strengths. Using a large sample of
older patients who used sitagliptin in a routine setting (with
multiple comorbidities and taking multiple medications), our
study complements information from randomized clinical tri-
als by studying an uncommon but important adverse drug
reaction. Our study has adequate statistical power, and the
results are generalizable to the larger population. Our new-
user design allowed us to observe outcomes after the initiation
of treatment. Whereas previous studies included self-reported
pancreatitis, in our study pancreatitis was documented in hos-
pital records by the treating health care team. Additionally, to
echo routine care and make our findings interpretable in clin-
ical practice, we studied patients who were newly prescribed
hypoglycemic alternatives to sitagliptin (metformin, a sulfo-
nylurea or insulin) as a comparison group. We also carried
out numerous sensitivity analyses and our primary results
remained robust.

Our study has some limitations. Prospective data collection
with independent outcome adjudication is a preferred meth-
odology to a retrospective database study. We were unable to
detect asymptomatic pancreatitis or pancreatitis that did not
result in a hospital presentation. We accurately ascertained
medications dispensed but had no information on medication
use (although we note that most patients filled at least 1 addi-
tional prescription for the relevant study drug).

Given the low event rate of pancreatitis in both groups, we
were able to rule out a greater than 1.6-fold increase in the risk
of pancreatitis in patients newly prescribed sitagliptin compared
with patients newly prescribed alternative hypoglycemic agents
with adequate statistical power (upper bound of the CI), but
could not rule out a smaller increase in risk. The limited number
of events also precluded meaningful subgroup analysis.

The duration of our study did not allow us to measure the
long-term effects of sitagliptin. However, we feel that our 90
days follow-up period was reasonable given that the mean dura-
tion of continuous drug use ranged from 64 to 108 days, previous
reports have suggested that pancreatitis can manifest early in the
course of drug exposure,!*? and studies to date have not noted
that the risk of pancreatitis differs by exposure duration.?”*

agent,* before and after propensity weighting

Table 4: Ninety-day risk of a hospital encounter with acute pancreatitis in patients given sitagliptin or an alternative hypoglycemic

No. (%) of events

Before weighting After weightingt
Alternative Alternative
hypoglycemic hypoglycemic  Absolute risk
Sitagliptin agent Sitagliptin agent difference, Odds ratio
Variable n =57 689 n =83 405 n =57 689 n =55 705 % (95% Cl) (95% Cl)
Hospital encounter with acute pancreatitis 46(0.08) 83.40(0.10) 46(0.08) 48 (0.09) -0.01 0.92

(-0.05 t0 0.02) (0.55 to 1.55)

Note: Cl = confidence interval.

*Patients prescribed glyburide, gliclazide, metformin or insulin served as the reference group.
TAll patients identified before weighting were included in the analysis. The number of patients indicated represents a weighted total.
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Table 5: Time-to-event analysis

No. (%) of events,* after weighting

Alternative
Sitagliptin hypoglycemic agent

Variable n =57 689 n=55705
Person-years of 14 988 16 972
follow-up
Days of follow-up, 65 (30—125) 75 (30—-129)
median (IQR)
Censoring events
Hospital encounters with 260 (0.45) 224 (0.40)

pancreatitis

Hazard ratio (95% CI) 1.18 (0.94 to 1.49)  1.00 (reference)

Event rate per 1000 17.35 13.18
person-years

Censoring events

Death 9 (0.02) 20.95 (0.04)

Study hypoglycemic
agent discontinued

8579 (14.87) 17 485 (31.39)

Prescription for a
nonstudy hypoglycemic
agent

48 841 (84.66) 37 976 (68.17)

Note: Cl = confidence interval, IQR = interquartile range.
*Unless stated otherwise.

The potential for confounding and bias warrants attention.

In the current study, we had limited information on factors
such as obesity, body mass index and smoking status, which
are known to influence the risk of pancreatitis. It is also possi-
ble that physicians may have selectively prescribed sitagliptin
therapy to healthier people and may have differentally moni-
tored patients for outcomes. However, using propensity score
weighting, we obtained good balance on a large number of
measured baseline characteristics between the 2 groups. Fur-
ther, we note that diagnostic testing for pancreatitis was simi-
lar among the 2 groups during follow-up.

In older adults, the initiation of sitagliptin did not result in a
higher risk of a hospital encounter with pancreatitis than ini-
tiation of an alternative diabetic medication (any of metfor-
min, glyburide, gliclazide or insulin). These findings are
reassuring for those who use or prescribe sitagliptin in the
management of type 2 diabetes.
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