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OBSERVATIONAL STUDY

Sitagliptin After Ischemic Stroke in Type 2 Diabetic Patients:
A Nationwide Cohort Study

Dong-Yi Chen, MD, Szu-Heng Wang, MD, Chun-Tai Mao, MD, Ming-Lung Tsai, MD,
Yu-Sheng Lin, MD, Feng-Chieh Su, MD, Chung-Chuan Chou, MD, Ming-Shien Wen, MD,
Chun-Chieh Wang, MD, I-Chang Hsieh, MD, Kuo-Chun Hung, MD, Wen-Jin Cherng, MD,

and Tien-Hsing Chen, MD

Abstract: The cerebrovascular safety and efficacy of sitagliptin, a
dipeptidyl peptidase-4 inhibitor, in patients with type 2 diabetes mellitus
(T2DM) with ischemic stroke remains uncertain. The aim of this study
was to assess the efficacy and safety of sitagliptin in patients with T2DM
with recent ischemic stroke.

We analyzed data from the Taiwan National Health Insurance
Research Database between March 1, 2009, and December 31, 2011.
Ischemic stroke patients were identified from individuals with T2DM.
Patients who received sitagliptin were compared with those who did not
to evaluate the cardiovascular safety and efficacy of sitagliptin. The
primary outcome was a composite of ischemic stroke, myocardial
infarction, or cardiovascular death.

A total of 5145 type 2 diabetic patients with ischemic stroke met our
inclusion criteria and were followed for up to 2.83 years (mean, 1.17
years). Overall, 1715 patients (33.3%) received sitagliptin and 3430
patients (66.7%) did not. The primary composite outcome occurred in
190 patients in the sitagliptin group (11.1%) and in 370 patients in the
comparison group (10.8%) (hazard ratio [HR] = 1.02; 95% confidence
interval [CI], 0.85—1.21). Patients treated with sitagliptin had a similar
risk of ischemic stroke, hemorrhagic stroke, and all-cause mortality with
an HR of 0.95 (95% CI, 0.78—1.16, P =0.612), 1.07 (95% CI, 0.55—
2.11, P=0.834), and 1.00 (95% CI, 0.82—1.22, P=0.989), respect-
ively, compared with patients not treated with sitagliptin.

Treatment with sitagliptin in type 2 diabetic patients with recent
ischemic stroke was not associated with increased or decreased risks of
adverse cerebrovascular outcomes.
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Abbreviations: ACEI = angiotensin-converting enzyme inhibitor,
ARB = angiotensin receptor blocker, BBB = blood brain barrier,
CKD = chronic kidney disease, CV = cardiovascular, DKA =
diabetic ketoacidosis, DPP-4 = dipeptidyl peptidase-4, GLP-1 =
glucagon-like peptide 1, HHS = hyperosmolar hyperglycemic state,
ICD-9-CM = International Classification of Diseases, Ninth
Revision, Clinical Modification, MI = myocardial infarction, NA
= not applicable, NHI = National Health Insurance, NHIRD =
National Health Insurance Research Database, PCI = percutaneous
coronary intervention, PSM = propensity score method, T2DM =
type 2 diabetes mellitus, TZD = thiazolidinedione.

INTRODUCTION

t is well established that type 2 diabetes mellitus (T2DM) is

associated with an elevated risk of major cardiovascular
complications." Patients with DM have a 2-fold excess risk
for ischemic stroke compared with individuals without DM.?
From another perspective, acute stroke can cause stress hyper-
glycemia with increased mortality and poor outcome.’
Although improved glycemic control has been shown to reduce
the risk of microvascular complications of T2DM, its benefit for
macrovascular risk reduction has been controversial.*”® There
is still uncertainty regarding the cardiovascular outcome
benefits or neuroprotective effect of glucose-lowering treatment
after stroke.

Dipeptidyl peptidase-4 (DPP-4) inhibitors are used for the
treatment of patients with T2DM. These agents enhance the
availability of incretin hormones such as glucagon-like peptide
1 (GLP-1), which in turn stimulate insulin and suppress glu-
cagon secretion.” Emerging evidence has suggested that the
DPP-4 inhibitor linagliptin may have neuroprotective effects
and be associated with significantly fewer cardiovascular events
and stroke.'®!! On the contrary, two recently published studies
on saxagliptin and alogliptin did not find any beneficial effect
on cardiovascular outcomes or stroke.'?!> As a result, there is
ongoing debate about the cardiovascular benefits and potential
risks of DPP-4 inhibitors.

Sitagliptin is the first approved DPP-4 inhibitor for clinical
use. A meta-analysis study suggested that there is a decreased
risk of adverse cardiovascular outcomes, 14 but some individual
studies reported a neutral effect,>'® whereas others found
increased cardiovascular risks.'”'® However, none of these
studies designated ischemic stroke patients as the main study
population. As a result, there are very limited data on the effects
of sitagliptin in T2DM patients after ischemic stroke.

Given the current controversy over the neuroprotective
effect of DPP-4 inhibitors, we conducted this nationwide cohort
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study to evaluate the efficacy and safety of sitagliptin with
respect to cerebrovascular outcomes in patients with T2DM
who had recent ischemic stroke.

METHODS

Data Source

We conducted a nationwide cohort study by using National
Health Insurance Research Database (NHIRD) of Taiwan,
which consists of standard computerized claim documents
submitted by medical institutions through the National Health
Insurance (NHI) program. The NHIRD has been described in
the previous studies.'® Briefly, the NHI program covers the
medical needs of >23 million people, who represent >99% of
the population of Taiwan. All clinical diagnoses were recorded
according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes (Appendix,
http://links.lww.com/MD/A330). The accuracy of diagnosis of
major disease in the claims database, such as myocardial
infarction (MI), stroke, and chronic kidney disease (CKD),
has been validated.'~' The information and records of patients
were deidentified prior to analysis. This study was approved by

16,528 Excluded
378 Age < 40 years
5,870 Newly diagnosed T2DM
4,194 Received sitagliptin treatment
before the index hospitalization
49 Use of sitagliptin after the index
hospitalization but less than 90 days
267 Use of other DPP-4 inhibitors before
or after the index hospitalization
1,738 Received renal replacement
therapies before or after the index
hospitalization
1,312 Developed major adverse
cardiovascular events within 30 days
of discharge
1,713 Expired during index hospitalization
1,013 Followed for less than 30 days

the Ethics Institutional Review Board of Chang Gung Memorial
Hospital, Taoyuan, Taiwan.

Study Cohorts

We identified all patients in the NHIRD with T2DM (ICD-
9-CM codes 250) between March 1, 2009, and December 31,
2011. Only patients with T2DM who were hospitalized for
ischemic stroke (ICD-9-CM codes 433-435) were included in
our study (Figure 1). The index hospitalization was defined as
the date on which the patient was admitted for ischemic stroke.
Patients’ baseline characteristics and comorbidities, including
previous cerebrovascular accident and atrial fibrillation, and
CHADS, and CHA,DS,-VASc scores, were identified.?*?* The
follow-up period was based on the index hospitalization to date
of death, loss of follow-up, or until December 31, 2011.

Exposure to Sitagliptin

Patients who received a prescription of sitagliptin for 90
consecutive days following index discharge were defined as the
sitagliptin group, whereas patients who did not receive sita-
gliptin were defined as the comparison group. Sitagliptin
dosages were prescribed according to Taiwan’s NHI

Patients with diagnosis of T2DM between
1 March 1, 2009 and December 31, 2011
(n=2,034,974)

v

Patients admitted for ischemic stroke
(n=61,204)

\

44 676 patients were included

— >~

Non-Sitagliptin
user
(n =42,961)

Sitagliptin user
(n=1,715)

| Y

Using propensity score to match the
comparison group by a 1:2 ratio

Y

Comparison

group
(n =3,430, 66.7%)

Sitagliptin group
(n=1,715, 33.3%)

FIGURE 1. Enrolment of study patients. Patients with T2DM who were hospitalized for ischemic stroke were identified for our study cohort
after relevant exclusions. DPP-4 =dipeptidyl peptidase-4, T2DM = type 2 diabetes mellitus.
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regulations: 100, 50, and 25mg daily for patients with an
estimated glomerular filtration rate of >50 mL/min, between
30 to 50, and <30 mL/min, respectively.

Exclusion Criteria

Patients with age <40 years were initially excluded.
Second, patients with newly diagnosed T2DM, which was
defined as T2DM diagnosed during index hospitalization, were
excluded to ensure consistencies in disease severity and
duration among diabetic patients. In order to avoid carry-over
effect, we excluded patients who received sitagliptin treatment
before index hospitalization and those who were prescribed
sitaglitpin for <90 days after index date. Patients who used
DPP-4 inhibitors other than sitagliptin were also excluded.
Third, patients were excluded if they met any of the following
criteria that may affect the long-term outcomes: received renal
replacement therapies before or after the index hospitalization;
major adverse cardiovascular events (defined as ischemic
stroke, M1, or cardiovascular death) within 30 days of discharge;
expired during index admission; or followed up for <30 days
after the index hospitalization.

Study Outcomes and Covariate Measurements

The baseline comorbidities were identified by ICD-9-CM
diagnosis codes and nonstudy medication use after the index
hospitalization was also evaluated. The primary outcome was
composite event of ischemic stroke, MI, or cardiovascular
death. Definitions of cardiovascular death met the criteria of
the Standardized Definitions for End Point Events in Cardio-
vascular Trials draft by the Food and Drug Administration.”*
Death and causes of death were based on registry data of the
NHIRD.” Other secondary outcomes were hemorrhagic
stroke, nonfatal ischemic stroke, nonfatal acute MI, deaths
of any cause, and hospitalization for heart failure. Safety
outcomes included acute or chronic pancreatitis, hypoglyce-
mia, hyperosmolar hyperglycemic state, and diabetic ketoaci-
dosis.

Statistical Analysis

To minimize the bias in the estimated effect (group
difference) in this study, the sitagliptin cohort was matched
with the comparison cohort with a 1:2 ratio in terms of patient
characteristics, baseline comorbidities, nonstudy medication
prescribed 90 days since the index hospitalization (Table 1),
and index year and month by using the propensity score
method (PSM). The PSM matching algorithm was based on
the nearest-neighbor method and used the caliper radius (set
as 0.50) that signifies a tolerance level for the maximum
distance in the propensity score.”® The matching procedure
was performed using SAS version 9.3 (SAS Institute, Cary,
NC).

Clinical characteristics between study groups (sitagliptin
and comparison groups) were compared by x> test for categ-
orical variables and independent sample ¢ test for continuous
variables. Time to the first occurrence of a predefined primary
or secondary outcome after the index hospitalization between
the study groups was compared by Cox proportional hazard
models with adjustment of the propensity score. The survival
rates for the predefined period (ie, 3 months, 1 year, and until the
last follow-up) for each study group were estimated and
depicted by the Kaplan—Meier method, along with the log-rank
test. All data analysis was conducted using IBM SPSS software
version 22 (IBM SPSS Inc, Chicago, IL).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

RESULTS

Study Patients

A total of 5145 patients diagnosed with T2DM who were
hospitalized for ischemic stroke from March 1, 2009, through
December 31, 2011, were identified for our study cohort. Of
these patients, 1715 (33.3%) were in the sitagliptin group and
3430 matched patients (66.7%) were in the comparison group.
The mean age for the overall cohort was 67.5 years (standard
deviation [SD]=11.0 years). The mean follow-up period was
1.17 years (SD = 0.75 years), and the maximum follow-up time
was 2.83 years. No differences in the distribution of the baseline
characteristics and comorbidities between the study groups
were found after PSM matching (Table 1).

Patients with atrial fibrillation accounted for 5.9% of the
patients in the sitagliptin group and 6.1% in the comparison
group. The CHADS, score was 4.7 for the sitagliptin group and
4.6 for the comparison group, and CHA,DS,-VASc score was
6.3 for the sitagliptin group and 6.1 for the comparison group.
Atrial fibrillation, CHADS, score, and CHA,DS,-VASc score
were well matched between the 2 groups. The use of nonstudy
medication for T2DM and cardiovascular disease after enrol-
ment was also well balanced between both the groups (Table 2).

Cardiovascular Outcomes

The composite primary cardiovascular outcome occurred
in 190 patients in the sitagliptin group (11.1%) and in 370
patients in the comparison group (10.8%) (hazard ratio
[HR]=1.02; 95% confidence interval [CI], 0.85-1.21,
P=0.845). The incidence rates of ischemic stroke
(HR =0.95; 95% CI, 0.78—1.16, P=0.612), MI (HR =0.90;
95% CI, 0.41-1.97, P=0.785), and cardiovascular death
(HR =1.25; CI, 0.86—1.83, P =0.243) were similar for the 2
study groups at 3-month follow-up and until the end of the study
(Table 3; Figure 2A—-D).

With regard to the secondary outcomes, there were no
significant differences in the risks of hemorrhagic stroke
(HR=1.07; 95% CI, 0.55-2.11), nonfatal ischemic stroke
(HR=0.97; 95% CI, 0.79—1.18), nonfatal MI (HR=1.12;
95% CI, 0.50-2.54), death of any cause (HR=1.00; 95%
CI, 0.82-1.22), or hospitalization for heart failure
(HR=0.79; 95% CI, 0.48—1.29) between the sitagliptin and
comparison groups (Table 4). Subgroup analysis revealed that
sitagliptin use was associated with a neutral effect on ischemic
stroke or primary composite outcome in patients with or without
previous history of atrial fibrillation, CKD, or cerebrovascular
accident. There were no significant differences in adverse
cardiovascular events between sexes, either (Figure 3A and B).

Safety Outcomes

The sitagliptin and comparison groups did not differ
significantly with respect to the incidence of hypoglycemia
(1.9% and 2.0%; P =0.730). The incidences of hyperosmolar
hyperglycemic state and diabetic ketoacidosis were also similar
across the 2 study groups (1.6% and 1.1%, respectively;
P =0.166). There was no significant difference in the incidence
of acute or chronic pancreatitis between the 2 study groups
(Table 4).

DISCUSSION

This nationwide, population-based cohort study showed
that in T2DM patients with recent ischemic stroke, treatment
with the DPP-4 inhibitor sitagliptin neither significantly
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TABLE 1. Baseline Demographic and Clinical Characteristics of the Study Patients

Characteristics Sitagliptin (n = 1715) Comparison (n=3430) P

Age, y 67.6+11.1 67.5+10.9 0.863
Age>T75y 486 (28.3) 949 (27.7) 0.613
Sex 0.676

Male 965 (56.3) 1951 (56.9)

Female 750 (43.7) 1479 (43.1)

Previous myocardial infarction 48 (2.8) 106 (3.1) 0.563
Previous cerebral vascular accident

Any* 469 (27.3) 951 (27.7) 0.774

Ischemic 366 (21.3) 755 (22.0) 0.583

Hemorrhage 32 (1.9) 54 (1.6) 0.442

Unspecified 208 (12.1) 444 (12.9) 0.407

Comorbidity

Neuropathy (unmatched) 310 (18.1) 558 (16.3) 0.103

Retinopathy (unmatched) 104 (6.1) 209 (6.1) 0.967

Coronary artery disease 242 (14.1) 469 (13.7) 0.668

Chronic kidney disease 101 (5.9) 219 (6.4) 0.488

Chronic obstructive pulmonary disease 228 (13.3) 490 (14.3) 0.333

Atrial fibrillation 101 (5.9) 208 (6.1) 0.803
CHADS, score” 4.7+0.8 4.6+0.8 0.392
CHADS; score grouping 0.249
3 2 (2.0) 13 (6.3)

4 45 (44.6) 85 (40.9)
5-6 54 (53.5) 110 (52.9)

CHA,DS,-VASc score' 63+14 6.1+1.2 0.207
CHA,DS,-VASc score grouping 0.094
3-4 15 (14.9) 21 (10.1)

5-6 40 (39.6) 109 (52.4)

7-9 46 (45.5) 78 (37.5)
Peripheral arterial disease 165 (9.6) 330 (9.6) 1.000
Hypertension 1467 (85.5) 2908 (84.8) 0.472
Heart failure 119 (6.9) 241 (7.0) 0.908

Dyslipidemia 975 (56.9) 1930 (56.3) 0.691

Malignancy 101 (5.9) 191 (5.6) 0.639

Cirrhosis 41 2.4) 69 (2.0) 0.376

Previous PCI 21 (1.2) 43 (1.3) 0.929
Previous carotid stenting 11 (0.6) 16 (0.5) 0.413
Follow-up days 429 +£274 425 +£276 0.639

Yalues are mean £+ SD or n (%). PCI =percutaneous coronary intervention, SD = standard deviation.
The CHADS, score (congestive heart failure, hypertension, age >75, diabetes mellitus, and previous stroke or transient ischemic attack

[doubled]).

T The CHA,DS,-VASc score (congestive heart failure, hypertension, age >75 [doubled], diabetes, stroke [doubled], vascular disease, age 6574,

and sex category [female]).

A discrepancy may exist between the sum of subgroups and the total as a result of a single patient having had >2 strokes.

increased nor significantly reduced the major cardiovascular
risks of ischemic stroke, MI, or cardiovascular death
when compared with T2DM patients with ischemic stroke
but not treated with sitagliptin at 3-month, 1-year, and
all-course follow-up. Secondary outcome analysis demon-
strated that the sitagliptin treatment group did not signifi-
cantly differ from the comparison group with respect to
risks of hemorrhagic stroke, nonfatal ischemic stroke, all-
cause mortality, or hospitalization for heart failure. To our
knowledge, this is the first study to evaluate the cardiovas-
cular effect of sitagliptin focusing on the population of type
2 diabetic patients with recent ischemic stroke. Our results
provide important information on the benefits and potential
risks of using sitagliptin to treat this high-risk group
of patients.

4 | www.md-journal.com

Our study revealed that the cerebrovascular outcomes in
the sitagliptin treatment group were not inferior to those in the
comparison group but did not provide a neuroprotective benefit
for this high-risk group of patients. At present, there are still
controversies about the neuroprotective effect of DPP-4 inhibi-
tors. Sitagliptin treatment for 1 year has been shown to be
associated with a beneficial effect with regard to the prevention
of carotid intima-media thickness progression compared with
the diet control.?” A 2-year study comparing linagliptin with
glimepride in type 2 diabetic patients suggested that signifi-
cantly fewer cardiovascular events and nonfatal stroke occur
with linagliptin use.'® Nonetheless, the superiority of DPP-4
inhibition with regard to cardiovascular outcomes, such as
cardiovascular death, ischemic stroke, and nonfatal stroke,
was not found in 2 large cardiovascular outcome trials for

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Proportions of Patients Receiving Nonstudy Medications

Sitagliptin (n =1715) Comparison (n=3430) P
T2DM medication
Insulin 283 (16.5) 592 (17.3) 0.495
Metformin 1029 (60.0) 2055 (59.9) 0.952
TZD 175 (10.2) 323 (9.4) 0.368
Sulfonylurea 1066 (62.2) 2119 (61.8) 0.792
Cardiovascular disease medication
Aspirin 1272 (74.2) 2540 (74.1) 0.928
Clopidogrel 628 (36.6) 1234 (36.0) 0.652
Warfarin 95 (5.5) 189 (5.5) 0.966
B-blockers 448 (26.1) 894 (26.1) 0.964
ACEI or ARB 1119 (65.2) 2222 (64.8) 0.741
Calcium-channel blockers 760 (44.3) 1542 (45.0) 0.663
Diuretics 320 (18.7) 659 (19.2) 0.633
Statins 713 (41.6) 1470 (42.9) 0.380
Fibrate 139 (8.1) 285 (8.3) 0.802

ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, T2DM =type 2 diabetes mellitus, TZD = thiazolidine-

thiazolidinedione.

saxagliptin in the SAVOR study'? and alogliptin in the
EXAMINE study.'> More importantly, none of these studies
designated ischemic stroke patients as the main study popu-
lation. Uncertainty about the cerebrovascular benefits of differ-
ent DPP-4 inhibitors among ischemic stroke patients remains.

Our goal was to determine the potential anti-stroke effi-
cacy of sitagliptin, a DPP-4 inhibitor, for type 2 diabetic patients
suffering from ischemic stroke. DPP-4 inhibitors do not cross
the blood brain barrier (BBB), which inhibits their direct actions
on the central nervous system. On the other hand, DPP-4
inhibitor-medicated increased GLP-1 can directly have an effect
at the neuronal level in the brain which was suspected to
be related the neuroprotective effect on the stroke mice.”®

Furthermore, stroke-mediated damage has been reported to
increase the permeability of the BBB but whether this effect
could have benefit for neuroprotection of DPP-4 inhibitor is
unclear. To this end, we included recent ischemic stroke type 2
diabetic patient receiving sitagliptin treatment and designed
with cerebrovascular outcomes as the primary endpoints. How-
ever, our results didn’t find a significant anti-stroke efficacy
mediated by sitagliptin treatment.

The exact mechanism underlying our finding that sitaglip-
tin did not reduce the ischemic stroke rate remain unclear but
there are several potential explanations. First, we included
patients with a considerably high cardiovascular risk who
had a recent episode of ischemic stroke, making the recurrent

TABLE 3. Primary Outcomes in Various Follow-Up Periods

Number of Event, %

Sitagliptin vs Comparison

Outcome Sitagliptin Comparison HR (95% CI)* P
3-month follow-up
Ischemic stroke 50 (2.9) 104 (3.0) 0.96 (0.69-1.35) 0.827
Cardiovascular death 11 (0.6) 20 (0.6) 1.10 (0.53-2.30) 0.800
Myocardial infarction 2 (0.1) 4 (0.1) 1.00 (0.18-5.44) 0.997
Primary composite endpoint’ 61 (3.6) 125 (3.6) 0.98 (0.72—1.33) 0.886
1-year follow-up
Ischemic stroke 114 (6.6) 242 (7.1) 0.94 (0.75-1.17) 0.575
Cardiovascular death 33 (1.9) 48 (1.4) 1.36 (0.87-2.12) 0.171
Myocardial infarction 9 (0.5) 14 (0.4) 1.28 (0.55-2.95) 0.566
Primary composite endpoint 151 (8.8) 288 (8.4) 1.04 (0.86—1.27) 0.662
All course
Ischemic stroke 147 (8.6) 306 (8.9) 0.95 (0.78—-1.16) 0.612
Cardiovascular death 44 (2.6) 70 (2.0) 1.25 (0.86—1.83) 0.243
Myocardial infarction 9 (0.5) 20 (0.6) 0.90 (0.41-1.97) 0.785
Primary composite endpoint’ 190 (11.1) 370 (10.8) 1.02 (0.85-1.21) 0.845

* Adjusted for propensity score.

 Anyone of ischemic stroke, cardiovascular death, or myocardial infarction.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Cumulative probability of event rates in each study group for (A) ischemic stroke, (B) cardiovascular death, (C) myocardial
infarction, and (D) primary composite endpoint. The primary endpoint was a composite of ischemic stroke, cardiovascular death, or
myocardial infarction. No significant differences in the primary composite outcomes were observed between the 2 study groups after a

mean 1.17-year follow-up.

TABLE 4. Secondary Outcomes

Number of Event, %

Sitagliptin vs Comparison

Outcome Sitagliptin Comparison HR (95% CI)* P

Other CV outcomes
Any stroke 166 (9.7) 331 (9.7) 0.99 (0.82—1.20) 0.949
Hemorrhage stroke 13 (0.8) 24 (0.7) 1.07 (0.55-2.11) 0.834
Nonfatal ischemic stroke 143 (8.3) 293 (8.5) 0.97 (0.79-1.18) 0.731
Nonfatal acute myocardial infarction 9 (0.5) 16 (0.5) 1.12 (0.50-2.54) 0.782
Death from any cause 144 (8.4) 285 (8.3) 1.00 (0.82-1.22) 0.989
Heart failure 22 (1.3) 55 (1.6) 0.79 (0.48-1.29) 0.348
Coronary revascularization 35 (2.0) 63 (1.8) 1.11 (0.73-1.67) 0.635

Safety outcomes
Any pancreatitis 4(0.2) 7(0.2) 1.14 (0.33-3.88) 0.838
Acute pancreatitis 4(0.2) 7(0.2) 1.14 (0.33-3.88) 0.838
Chronic pancreatitis 0 (0.0) 0 (0.0) NA NA
Hypoglycemia 32 (1.9) 68 (2.0) 0.93 (0.61-1.41) 0.730
DKA or HHS 27 (1.6) 38 (1.1) 1.42 (0.87-2.32) 0.166

CI = confidence interval, CV = cardiovascular, DKA = diabetic ketoacidosis, HHS =hyperosmolar hyperglycemic state, HR = hazard ratio,

NA =not applicable.
* Adjusted for propensity score.
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Event/Patients (%) P P for
Sitagliptin Comparison interaction
Age 0.407
<75yrs [ 1056/1229 (8.5%) 229/2481 (9.2%) 0.382
275 yrs —#——  42/486 (8.6%) 77/949 (8.1%) 0.705
Gender 0.116
Male ot 81/965 (8.4%) 190/1951 (9.7%) 0.166
Female 44— 66/750 (8.8%) 116/1479 (7.8%) 0.377

Atrial fibrillation 0.257

No w4~ 140/1614 (8.7%) 283/3222 (8.8%) 0.845

Yes —e—}—  77101(6.9%) 23/208 (11.1%) 0.231
Chronic kidney disease 0.217

No w4~ 1421614 (8.8%) 287/3211 (8.9%) 0.838

Yes —e——  5/101(5.0%) 19/219 (8.7%) 0.187

Previous stroke 0.093
No

——  102/1246 (8.2%) 193/2479 (7.8%) 0.593
Yes —— 45/469 (9.6%) 113/951 (11.9%) 0.089
-1 0 1 2 3 4 5 6 7
Hazard ratio (95% confidence interval)
A " Favor Sitagliptin Favor Comparison -
Event/Patients (%) P P for
Sitagliptin Comparison interaction
Age 0.406
<75yrs [ 131/1229 (10.7%) 266/2481 (10.7%) 0.761
275 yrs —9— 59/486 (12.1%) 104/949 (11.0%) 0.463
Gender 0.160
Male —4 105/965 (10.9%) 224/1951 (11.5%) 0.447
Female H— 85/750 (11.3%) 146/1479 (9.9%) 0.228
Atrial fibrillation 0.347
No = 179/1614 (11.1%) 341/3222 (10.6%) 0.658
Yes ———— 11/101 (10.8%) 29/208 (13.9%) 0.404
Chronic kidney disease 0.471
No — 181/1614 (11.2%) 347/3211 (10.8%) 0.718
Yes —e—1—— 9/101(8.9%)  23/219(10.5%) 0.511
Previous stroke 0.090
No He—  130/1246 (10.4%) 233/2479 (9.4%) 0.267
Yes — 60/469 (12.8%) 137/951 (14.4%) 0.190
-1 0 1 2 3 4 5 6 T

Hazard ratio (95% confidence interval)

>

B Favor Sitagliptin Favor Comparison

FIGURE 3. Subgroup analysis for (A) ischemic stroke and (B)
primary composite endpoint. Sitagliptin use was associated with
a neutral effect on ischemic stroke and primary composite out-
comes in patients with or without a previous history of atrial
fibrillation, chronic kidney disease, or cerebrovascular accident.

ischemic stroke rate more than 8% and primary composite
cardiovascular event rate more than 10% during the mean
follow-up period of 1.17 years. History of ischemic stroke is
a strong predictor of recurrent stroke which may counterbalance
the potential neuroprotective effect of sitaglipitin. In contrast, a
2-year study of linagliptin excluded patients with stroke or
transient ischemic attack within 6 months before enrollment
making their overall non-fatal stroke rate of only 0.9%.'° A
difference in disease severity of the patient populations may
have had an effect on the opposite conclusion reached by the
two studies. Second, a majority of patients in our study received
antiplatelet therapy with more than 74% of the patients receiv-
ing aspirin and more than 36% clopidogrel. The high proportion
of aspirin use in our study was in accordance with 75% of
patients receiving aspirin in the SAVOR study'? and 90% in the
EXAMINE study.'® Both of these studies suggested a neutral
neuroprotective effect. However, only 36% of the patients
received aspirin therapy in the 2-year study of linagliptin.'

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

The high proportion of antiplatelet medication use in our study
may have neutralized the cardiovascular risk and offset poten-
tial differences between the study groups. Finally, our study had
amean of 1.17 years and a maximum of 2.83 years of follow-up,
which may not have been long enough to show a beneficial
effect on reducing the risk of ischemic stroke. As a result, our
finding could not rule out the possible neuroprotective effect
with longer-term treatment of sitagliptin.

On account of the controversy over the cardiovascular
effects of sitagliptin, the trial evaluating cardiovascular out-
comes with sitagliptin (TECOS), a double-blind, randomized
trial, is designed for further evaluation of the safety of this
medication.?” This trial enrolled patients with established car-
diovascular diseases; however, it did not specifically include
individuals with recent ischemic stroke. In our study, all the
patients had recent ischemic stroke. As a result, our study
currently provides the only evidence on the cerebrovascular
outcome of sitagliptin treatment for T2DM in a recent ischemic
stroke population.

This study has several limitations. First, the claims data-
base did not include personal information on tobacco use,
physical activity, body mass index, family history of cardio-
vascular disease, or laboratory parameters including glycated
hemoglobin levels. Nonetheless, we were able to include a wide
range of variables related to outcomes to make our 2 study
groups well balanced. Second, our study is based on the
assumption that patients properly adhered to instructions to
use their treatment medications in the claims data. Finally, our
study has a mean of 1.17 years and a maximum of 2.83 years of
follow-up because sitagliptin was available in Taiwan only after
March 1, 2009. Studies with longer duration of follow-up may
be needed to generate more information.

In conclusion, sitagliptin use in T2DM patients who had
recent ischemic stroke was not associated with increased or
decreased risks of the composite adverse cardiovascular out-
come, which included recurrent ischemic stroke, cardiovascular
death, or MI. Sitagliptin neither increased nor reduced the risk
of hemorrhagic stroke, death from any cause, or heart failure
hospitalization. These findings could help clinicians in formu-
lating strategies for use of antihyperglycemic agents in this
high-risk population of patients.
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