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Abstract
Limited data are available about the cardiovascular (CV) safety and efficacy of sitagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor, in |
ischemic stroke patients with type 2 diabetes mellitus (T2DM) and chronic kidney disease (CKD). Ischemic stroke patients with T2DM
and CKD were selected from the Taiwan National Health Insurance Research Database (NHIRD) from March 1, 2009 to December
31, 2011. A total of 1375 patients were divided into 2 age- and gender-matched groups: patients who received sitagliptin (n=275;
20%) and those who did not (h=1,100). Primary major adverse cardiac and cerebrovascular events (MACCE), including ischemic
stroke, hemorrhagic stroke, myocardial infarction (Ml), or CV death, were evaluated. During a mean 1.07-year follow-up period, 45
patients (16.4%) in the sitagliptin group and 165 patients (15.0%) in the comparison group developed MACCEs (Hazard ratio [HR]
1.05; 95% confidence interval [Cl], 0.75-1.45). Compared to the non-sitagliptin group, the sitagliptin group had a similar risk of
ischemic stroke (HR 0.82; 95% ClI, 0.51-1.32.), hemorrhagic stroke (HR 1.50; 95% ClI, 0.58-3.82), MI (HR 1.14; 95% Cl, 0.49-2.65),
and CV mortality (HR 1.06; 95% ClI, 0.61-1.85). The use of sitagliptin in recent ischemic stroke patients with T2DM and CKD was not
associated with increased or decreased risk of adverse CV events.

Abbreviations: ACE| = 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, eGFR =
estimated glomerular filtration rate, GLP-1 = glucagon-like peptide 1, HHS = Hyperosmolar hyperglycemic state, ICD-9-CM =
International Classification of Diseases, Ninth Revision, Clinical Modification, Ml = myocardial infarction, NA = not applicable, NHI =
National Health Insurance, NHIRD = National Health Insurance Research Database, PCl = percutaneous coronary intervention, PSM

= propensity score method, T2DM = type 2 diabetes mellitus, TZD = thiazolidinedione.
Keywords: chronic kidney disease, dipeptidyl peptidase 4 (DPP-4) inhibitor, ischemic stroke, sitagliptin

1. Introduction

Patients diagnosed with type 2 diabetes mellitus (T2DM) have a
higher risk of cardiovascular (CV) events with double of the risk
of ischemic stroke compared to those without diabetes.”"! Acute
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stroke can also lead to abnormalities in glucose metabolism that
can result in poor clinical outcomes.”?! Patients with acute
ischemic stroke who have a history of DM are associated with a
higher incidence of mortality than those who have yet to develop
DM.P! Nonetheless, strategies for blood sugar control during
acute stroke vary. Hyperglycemia has been found to be associated
with poor outcomes in large vessel infarction or cortical
infarction, ™! but moderate hyperglycemia is also reported to
be associated with favorable outcomes in patients with lacunar
infarction.! Intensive glucose control in acute stroke has been
suggested based on previous experience and implemented in the
intensive-care unit (ICU),””! but was found to be associated with
severe hypoglycemia and event-related poorer outcomes.®!
Therefore, controversies still exist about the benefits of anti-
hyperglycemic treatment for patients after acute ischemic stroke.

Sitagliptin is the first approved dipeptidyl peptidase-4 (DPP-4)
inhibitor with antihyperglycemic effects provided by enhancing
the availability of incretin hormones.””! Results of the Trial
Evaluating Cardiovascular Outcomes with Sitagliptin (TECOS)
Study suggested that sitagliptin did not increase the risk of major
adverse CV events among patients with type 2 diabetes and
established CV disease.!'®! However, that study excluded patients
with estimated glomerular filtration rate (¢GFR) less than 30 ml/
min/1.73m?* of body-surface area who may have experienced
more CV events after acute ischemic stroke. Our previous
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study,"!! which comprised patients with chronic kidney disease

(CKD) who were precluded from participating in TECOS, has
also demonstrated that sitagliptin was associated with a neutral
CV effect in T2DM with recent ischemic stroke, but those with
end stage renal disease (ESRD) receiving renal replacement
therapy were excluded. Therefore, only limited published data
are available for evaluating the safety and efficacy of sitagliptin
among acute ischemic stroke patients with T2DM and CKD
(with or without renal replacement therapy). The CV risk
associated with sitagliptin in the CKD patient group remains
unclear in the real-world clinical setting. As a result, we
conducted this population-based cohort study using data from
the NHIRD of Taiwan to investigate the CV outcomes of
sitagliptin in patients with ischemic stroke and CKD.

2. Methods

2.1. Data source

Data for this national cohort study were retrieved from the
NHIRD, which consists of standard computerized claims data
submitted by medical institutions that seek reimbursement
through the NHI program. The NHI program offers compre-
hensive medical care for more than 23 million residents,
representing more than 99% of the population of Taiwan.
Previous studies have described the NHIRD in detail and
the accuracy of its diagnostic data has been validated.!'>7!¢!
The information and records of the patients were de-identified
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prior to analysis to protect their privacy and ensure patient
anonymity, therefore informed consent was waived. The study
protocol was reviewed and approved by the Ethics Institutional
Review Board of Chang Gung Memorial Hospital, and
this work was supported by grants from the Chang Gung
Memorial Hospital, Taiwan (CGRPG2F0011, CLRPG2C0024,
and CLRPG2G0081).

2.2. Study group and cohort definition

A total of 5479 T2DM patients with CKD were identified who
were admitted for acute ischemic stroke between March 1, 2009
and December 31, 2011. Ischemic stroke and CKD were
identified using the International Classification of Diseases (the
9th Revision) Clinical Modification [ICD-9-CM] codes 433 to
435 and 585 registered by the clinician respectively. The
accuracy of diagnosis for T2DM, acute ischemic stroke, and
CKD have been validated in previous NHIRD studies.['>7161 A
flowchart of the inclusion of the study cohort is shown in
Figure 1. The patients were divided into two study groups,
sitagliptin users (n=311) and non-sitagliptin users (n=4,206).
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
sitagliptin were considered the comparison cohort. The index
hospitalization was defined as the index date when the patient
was admitted for ischemic stroke. The follow-up period was
defined as from the index date to the date of event occurrence,

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

Patients with T2DM and CKD were admitted
for ischemic stroke
(n=5,479)

4,517 patients admitted for ischemic stroke
were eligible for analysis

I
Y Y

Non-sitagliptin
user
(n=4,206, 93.1%)

I I

Propensity score matching with 1:4 ratio

Sitagliptin
(n = 275)

Sitagliptin user
(n=311,6.9%)

Comparison
(n=1,100)

Excluded (n= 962)
27 Age < 40 years

» 233 Newly diagnosed T2DM

22 Were prescribed DPP-4 inhibitor
other than sitagliptin
11 Use of sitagliptin but less than 90 days
377 Expired during index hospitalization
150 Developed major adverse cardiac and
cerebrovascular events within 30 days
of index discharge
142 Follow-up less than 30 days

Figure 1. Inclusion and exclusion of the study patients.
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death or until the end of the study period (December 31, 2011),
whichever occurred first.

2.3. Exclusion criteria
Patients were excluded if they met any of the following criteria:

1. age <40 years;

2. newly diagnosed T2DM, which was defined as T2DM
diagnosed during index hospitalization, which was done to
ensure consistency in disease severity and duration among
diabetic patients;

3. use of sitagliptin but less than 90 days, which was done to
avoid carry-over effect;

4. received DPP-4 inhibitors other than sitagliptin before or after
index hospitalization;

5. expired during index hospitalization or developed any
composite major adverse cardiac and cerebrovascular event
(MACCE) (defined as ischemic stroke, hemorrhagic stroke,
myocardial infarction (MI) or CV death) within 30 days of
discharge;

6. were followed for less than 30 days after the index
hospitalization.

2.4. Study outcomes and covariate measurements

The baseline comorbidities were defined as least 2 outpatient
claims or 1 hospitalization of ICD-9 diagnosis codes one year
prior to the index date. A majority of these comorbidities based
on ICD-9-CM codes have been validated previously.!”!
Medications were defined as at least 2 outpatient prescriptions
or 1 refilled prescription at pharmacies within 3 months after the
index date. The primary outcome was defined as MACCEs. The
study outcomes were required to be the same as the discharge
diagnosis to avoid misclassification. CV death was defined
according to the criteria of the Standardized Definitions for End
Point Events in CV Trials published by the Food and Drug
Administration (FDA).['”! Deaths were identified by the patients’
withdrawal from NHL!"8 Other CV outcomes of interest were
any stroke, death of any cause and admission due to heart failure.
Diagnosis of heart failure was validated in a previous NHIRD
study.l'® Indications for safety outcomes included acute
pancreatitis, chronic pancreatitis, hypoglycemia, diabetic ketoa-
cidosis (DKA) or hyperosmolar hyperglycemic state (HHS).

2.5. Statistical analysis

To mitigate the treatment selection-bias, propensity score
matching (PSM) was conducted in which 1 patient in the
sitagliptin cohort was matched with 4 counterparts in the
comparison cohort. The propensity score was the predicted
probability of being treated with sitagliptin given the patient’s
covariates. Those covariates included patient’s characteristics,
baseline comorbidities, non-study medications, and the index
date. The "greedy nearest neighbor” matching method was
adopted and the caliper was set as 0.2 times standard deviation of
the logit of the propensity score. The matching procedure was
performed using the procedure of ‘psmatch’ in SAS version 9.4
(SAS Institute, Cary, NC).

The clinical characteristics between the two study groups
(sitagliptin and comparison groups) were compared by chi-
square test for categorical variables and independent sample # test
for continuous variables. Risk of time-to-event outcomes
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between the study groups was compared using the Cox
proportional hazard model in which the study group was the
only explanatory variable and the matching pairs were stratified.
Unadjusted cumulative event rate of primary outcomes (recurrent
ischemic stroke and MACCE) was calculated and plotted.
Subgroup analysis was performed to determine whether the
hazard ratio of primary outcomes for the sitagliptin and non-
sitagliptin groups were similar in the pre-specified subgroups (age
group, gender, atrial fibrillation, ESRD, and previous stroke).
Statistical significance was set at 2-tailed P<.05 and no
adjustment of multiple testing (multiplicity) was made in this
study. All data analysis was conducted using IBM SPSS software
version 22 (IBM SPSS Inc, Chicago, IL).

3. Results

3.1. Patients’ characteristics

The data of a total of 275 sitagliptin-treated patients and 1100
non-sitagliptin treated patients admitted from March 1, 2009
through December 31, 2011, were eligible for data analysis. The
mean age for the overall cohort was 69.2 years (standard
deviation [SD]=10.8 years). Approximately 40% of patients had
previous strokes. The mean follow-up period was 1.07 years
(SD=0.73 years) and the maximal follow-up time was 2.83
years. After PSM, the two study groups were well balanced in all
baseline characteristics, comorbidities, medications for T2DM
and CV disease after discharge (Table 1).

Among all patients, 28.4% of the sitagliptin group and 26.6%
of the non-sitagliptin group were ESRD patients receiving
dialysis. Patients with atrial fibrillation accounted for 10.2% of
patients in the sitagliptin group and 9.5% in the comparison
group (P=.749). The CHADS2 score was 5.0 for the sitagliptin
group and 5.0 for the comparison group, and CHA2DS2-VASc
score was 6.8 for the sitagliptin group and 6.6 for the comparison
group (P=0.797 and 0.674). Prevalence of atrial fibrillation,
CHA2DS2-VASc, and CHADS2 scores were also comparable
between the two study groups.

3.2. CV outcomes

The primary outcome of MACCE occurred in 45 patients in the
sitagliptin group (16.4%) and in 165 patients in the non-
sitagliptin group (15.0%) (Hazard ratio [HR] 1.05; 95%
confidence interval [CI] 0.75-1.45) at the last follow up. No
significant differences in the MACCEs were detected between the
2 study groups at 3-month follow-up (HR 0.59; 95% CI 0.29-
1.20), 1-year follow up (HR 0.92; 95% CI 0.63-1.35) and at the
end of the study (Table 2). No significant differences were found
in the individual composite endpoint of ischemic stroke (HR
0.82;95% CI0.51-1.32), hemorrhagic stroke (HR 1.505 95% CI
0.58-3.82), MI (HR 1.14; 95% CI1 0.49-2.65), or CV death (HR
1.06595% CI0.61-1.85) between the sitagliptin and comparison
groups (Table 3). Figure 2 illustrates the cumulative event rate of
recurrent ischemic stroke and MACCE in both study groups
during the follow-up period. It was observed that the group
difference in the curves was trivial and the log-rank tests revealed
non-significant difference between the groups (P=.434 for
recurrent ischemic stroke and P=.769 for MACCE).
Regarding other secondary outcomes, no statistically signifi-
cant differences were found in the risks of heart failure admission
(HR 1.12; 95% CI 0.59-2.14), or death from any cause (HR
0.78;95% CI0.55-1.10) between the 2 study groups. In terms of
safety outcomes, no significant differences were found between
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Baseline demographic and clinical characteristics of study
patients after propensity score matching.

Sitagliptin Comparison
Characteristics (n=275) (n=1100) P
Age (years) 69.3+10.8 69.1+10.9 0.822
Age=75 years 94 (34.2) 365 (33.2) 0.753
Gender 0.744
Male 153 (55.6) 624 (56.7)
Female 122 (44.4) 476 (43.3)
Previous M 19 (6.9) 89 (8.1) 0.515
Previous stroke
Any 114 (41.5) 483 (43.9) 0.463
Ischemic 92 (33.5) 387 (35.2) 0.591
Hemorrhage 12 (4.4) 50 (4.5 0.897
Unspecified 53 (19.3 221 (20.1) 0.761
Comorbidity
ESRD 78 (28.4) 293 (26.6) 0.564
Neuropathy 86 (31.3) 358 (32.5) 0.686
Retinopathy 38 (13.8) 156 (14.2) 0.877
Coronary artery disease 82 (29.9) 335 (30.5) 0.837
Chronic obstructive 54 (19.6) 214 (19.5) 0.946
pulmonary disease
Atrial fibrillation 28 (10.2) 105 (9.5) 0.749
CHADS, score” 5.0+09 5.0+09 0.797
CHA,DS,-VASC* 6.8+1.4 6.6+1.4 0.674
Peripheral arterial disease 53 (19.3) 213 (19.4) 0.973
Hypertension 258 (93.8) 1,031 (93.7) 0.956
Heart failure 71 (25.8) 272 (24.7) 0.708
Dyslipidemia 143 (652.0) 566 (51.5) 0.871
Malignancy 22 (8.0 85 (7.7) 0.880
Cirrhosis 7 (2.5) 29 (2.6) 0.933
Previous PCI 13 4.7) 51 (4.6) 0.949
Previous carotid stenting 2.7 7 (0.6) 0.867
T2DM medication
Insulin 87 (31.6) 360 (32.7) 0.730
Metformin 44 (16.0) 188 (17.1) 0.666
TZD 19 (6.9 89 (8.1) 0.515
Sulfonylurea 120 (43.6) 462 (42.0) 0.623
CV disease medication
Aspirin 173 (62.9) 683 (62.1) 0.802
Clopidogrel 138 (50.2) 542 (49.3) 0.787
Warfarin 13 4.7) 46 (4.2 0.690
Beta-blockers 103 (37.5) 400 (36.4) 0.737
ACEl or ARB 165 (60.0) 676 (61.5) 0.658
Calcium-channel blockers 148 (53.8) 615 (55.9) 0.533
Diuretics 85 (30.9) 344 (31.3) 0.907
Statins 103 (37.5) 408 (37.1) 0.911
Fibrate 27 (9.8 113 (10.3) 0.824

Values are mean +SD or 1 (%).

ACEI=angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, COPD = chronic
obstructive pulmonary disease, ESRD=end stage renal disease, PCl=percutaneous coronary
intervention, T2DM=Type 2 diabetes mellitus, TZD =thiazolidinedione.

“A discrepancy may exist between the sum of a subgroup and the total as a result of a single patient
having had two or more strokes.

" The CHADS, score is a measure of the risk of stroke in which congestive heart failure, hypertension,
an age of 75 years or older, and diabetes mellitus are each assigned 1 point and previous stroke or
transient ischemic attack is assigned 2 points; the score is calculated by summing all the points for a
given patient.

*The CHA,DS,-VASc [congestive heart failure, hypertension, age >75 (doubled), diabetes, stroke
(doubled), vascular disease, age 65 to 74, and sex category (female)].
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Secondary outcomes at the end of follow up.
Sitagliptin vs Comparison

Number of events (%)

Sitagliptin Comparison HR
Outcome (n=275) (n=1100) (95% CI) P
Other CV outcomes
Any stroke 27 (9.9) 121 (11.00  0.85 (0.56-1.29)  0.438
Ischemic stroke 21 (7.6) 97 (8.8) 0.82 (0.51-1.32)  0.423
Hemorrhage stroke 6 (2.2 16 (1.9) 1.50 (0.58-3.82)  0.401
MI 7 (2.5 24 (2.2) 1.14 (0.49-2.65)  0.757
Non-fatal ischemic 20 (7.3) 91 (8.3) 0.84 (0.52-1.36)  0.472
stroke
Non-fatal MI 6 (2.2) 20 (1.8) 117 (0.47-2.91)  0.735
CV death 16 (6.8) 59 5.4 1.06 (0.61-1.85)  0.824
Death from any cause 38 (13.8) 191 (17.4)  0.78 (0.55-1.10)  0.157
Heart failure 12 (4.4 42 (3.9) 112 (0.59-2.14)  0.721
Safety outcomes
Any pancreatitis 0(0.0) 303 NA NA
Acute pancreatitis 0 (0.0) 20.2 NA NA
Chronic pancreatitis 0(0.0) 1(0.1) NA NA
Hypoglycemia 8 (2.9 43 (3.9 0.72 (0.34-1.53)  0.394
DKA or HHS 1(0.49) 19 (1.7) 0.20 (0.03-1.53)  0.122

Cl=confidence interval, CV=cardiovascular, DKA=diabetic ketoacidosis, HHS =hyperosmolar
hyperglycemic state, HR=hazard ratio, MI=myocardial infarction, NA=not applicable.

the 2 groups in the risks of hypoglycemia (2.9% and 3.9%;
P=.394), DKA or HHS (0.4% and 1.7%; P=.122) (Table 3). In
the subgroup analysis, no significant interactions (all P values
>0.1) were found between the study groups by the pre-specified
subgroups on recurrent ischemic stroke or MACCE (Fig. 3). It
indicated that the observed neutral effect of sitagliptin was not
significantly different across different levels of age group, gender,
atrial fibrillation, ESRD and previous stroke.

4. Discussion

This population-based investigation evaluated the CV effects of
sitagliptin with a specific focus on T2DM patients with recent
ischemic stroke and CKD. Study results revealed that treatment
with DPP-4 inhibitor sitagliptin resulted in similar rates of major
cardiac and cerebrovascular events of ischemic stroke, hemor-
rhagic stroke, MI or CV death when compared with non-
sitagliptin users in the cohort of T2DM patients with CKD and
recent ischemic stroke. Secondary outcome analysis demonstrat-
ed no significant differences between the sitagliptin and
comparison groups with regard to pancreatitis, hypoglycemia
episodes, complications of hyperglycemia or all-cause mortality.
Furthermore, the present study has shown that sitagliptin does
not increase heart failure-related hospitalization events in
patients with recent ischemic stroke and CKD who have higher
CV risk and are susceptible to fluid overload.

Primary MACCE" outcomes in various follow-up periods.

Number of event (%)

Sitagliptin vs Comparison

Comparison (n=1,100)

HR (95% CI) P

Outcome Sitagliptin (n=275)
3 month follow up 9 3.3

1 year follow up 33 (12.0)

At the end of follow up 45 (16.4)

59 (5.4) 0.59 (0.29-1.20) 0.144
137 (12.5) 0.92 (0.63-1.35) 0.666
165 (15.0) 1.05 (0.75-1.45) 0.791

Cl=confidence interval, CV = cardiovascular HR =hazard ratio, MACCE =major adverse cardiac and cerebrovascular events, Ml = myocardial infarction.

*Any one of ischemic stroke, hemorrhage stroke, myocardial infarction or CV death.
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P Days of follow-up
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!

Figure 2. Unadjusted cumulative event rate of recurrent ischemic stroke (A) and MACCE (B) during the follow up. MACCE =major adverse cardiac and

cerebrovascular events.

In the present study, the study population in which CV risk of
sitagliptin was evaluated is different from that in the previous
TECOS trial."® The TECOS trial enrolled patients with
established CV diseases among which only 24.5% had prior
cerebrovascular disease; however, all subjects included in the
present study had experienced recent acute ischemic stroke.
Furthermore, CKD patients were excluded in the TECOS trial. In
contrast, all patients in the present study were CKD subjects

among whom approximately one third had received renal
replacement therapy. Sitagliptin has been licensed for use in CKD
patients with or without dialysis. Patients with T2DM and CKD
for whom sitagliptin was prescribed tend to be older and have
more complications of DM and more comorbidities.!"”! Thus,
this high-risk group of patients is especially susceptible to safety
and tolerability issues. Nonetheless, most of the current evidence
reported in CV outcomes studies of DPP4-inhibitor was obtained
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Recurrent ischemic Favor Favor E 0 Sitagliptin vs.
stroke Sltagllptlﬂ Compal’ison vent no. (/0) Comparison P value
Sitagliptin Comparison HR (95% Cl) inte::;,tion
Age 0.491
< 75 years —— 15(8.3) 63(8.6) 0.92(0.52-1.62)
> 75 years —— 6 (6.4) 34 (9.3) 0.64 (0.27-1.53)
Gender 0.679
Male T 12(7.8) 60(9.6) 0.76 (0.41-1.41)
Female . 9(7.4) 37 (7.8) 0.92(0.44-1.90)
Atrial fibrillation 0.969
No e 19(7.7) 88(8.8) 0.83(0.50-1.36)
Yes * 2(7.1) 9(8.6) 0.82(0.18-3.79)
End stage renal disease 0.155
No —— 12(6.1) 74(9.2) 0.65(0.35-1.19)
Yes — 9(11.5) 23(7.8) 1.32(0.61-2.87)
Previous stroke 0.530
No —— 13(8.1) 50(8.1) 0.95(0.52-1.75)
Yes 1 8(7.0) 47 (9.7) 0.70 (0.33-1.47)
0.1 0.3 05 1.0 20 4.0
Hazard ratio (95% CI)
MACCE Favor . Favor itaglipti .
Sitagliptin | Comparison Event no. (%) Sét:,.?,l,ﬂ,l;f,
Sitagliptin Comparison  HR (95% CI) ';“‘;g‘;ig
Age 0.574
< 75 years —e— 28 (15.5) 113 (15.4) 0.98 (0.65-1.48)
> 75 years —T 17 (18.1) 52 (14.2) 1.19 (0.69-2.05)
Gender 0.445
Male e 25 (16.3) 100 (16.0) 0.94 (0.60-1.45)
Female I . S 20 (16.4) 65(13.7) 1.21(0.73-1.99)
Atrial fibrillation 0.467
No e 38 (15.4) 147 (14.8) 1.00 (0.70-1.43)
Yes * 7(25.0) 18(17.1) 1.50(0.62-3.62)
End stage renal disease 0.116
No T 25(12.7) 119 (14.7) 0.85 (0.55-1.31)
Yes —_—— 20 (25.6) 46 (15.7) 1.49(0.88-2.52)
Previous stroke 0.470
No T 28 (17.4) 88 (14.3) 1.16 (0.76-1.77)
Yes e 17 (14.9) 77 (15.9) 0.91 (0.54-1.53)
0.5 1.0 2.0 4.0

Hazard ratio (95% CI)

Figure 3. Pre-specified subgroup analysis of recurrent ischemic stroke (A) and MACCE (B). MACCE =major adverse cardiac and cerebrovascular events.

from major populations of non-CKD subjects (eGFR over 60 ml/
min/1.73 m?).11%2%21 The present study examined only CKD
subjects who had a recent episode of ischemic stroke hospitaliza-
tion, placing the study cohort at a much higher risk than patients
in other studies. With a mean follow-up period of 1.07 years,
14% of subjects in the present study developed a primary

composite CV event. However, the study results demonstrated
that use of sitagliptin is not associated with increased risk of CV
events among these patients at high CV risk.

To date, there are only a limited number of studies on the
effects of sitagliptin on acute ischemic stroke patients. An animal
study has shown that sitagliptin attenuates transient cerebral
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ischemia or reperfusion injury in diabetic rats.*?! Linagliptin,
another form of DPP-4 inhibitor, was also found to be able to
counteract stroke in diabetic mouse brain.!**) DPP-4 inhibitors do
not have direct actions on the central nervous system because they
cannot cross the blood brain barrier (BBB). Nonetheless, acute
stroke-mediated BBB damage has been reported to increase
permeability and it remains controversial whether this effect may
exhibit the benefit of neuroprotection from sitagliptin. A previous
study by our cardiology group in a majority of non-CKD patients
addressed a neutral neuroprotective benefit of sitagliptin in acute
ischemic stroke patients with type 2 DM.I"" Results of the
present study demonstrated that sitagliptin is not associated with
increased cerebrovascular risk, but it did not provide a neuro-
protective benefit in acute ischemic stroke patients, regardless of
whether patients were in the non-CKD or CKD population.

Interestingly, subgroup analysis in patients with ESRD and
recent ischemic stroke suggested no significant differences in
cardiac and cerebrovascular outcomes between sitagliptin users
and a comparison group not receiving sitagliptin. However, in
contrast, one previous study reported that DPP-4 inhibitors may
improve ischemic stroke in patients with T2DM and ESRD.**!
The discrepancy between our results and those of that previous
study may be related to differences in study populations and
medications. In the previous study,**! only about 40% of
patients had a history of cerebrovascular disease, which is in
contrast to the cohort in the present study in which all patients
had recent ischemic stroke. Additionally, patients in the previous
study took not only sitagliptin, but also other DPP-4 inhibitors,
including vidaglipitin, sxagliptin, and linagliptin. The effect of
reduced ischemic stroke in the previous study was derived
primarily by the effect of saxagliptin rather than vildagliptin,
sitagliptin or linagliptin. Therefore, in the subgroup analysis of
the previous study, sitagliptin was not associated with fewer
ischemic stroke events, which is also consistent with results of the
present study.

4.1. Study limitations

Although the present study provides important information
about sitagliptin use in fragile patients with recent ischemic stroke
and CKD, several limitations must be noted. First, the severity of
hypertension and diabetes are the major risk factors for recurrent
stroke but the data about patients’ blood pressure or blood
glucose were not included in data from NHIRD. However, the
use of anti-hypertensive and oral antidiabetic drugs was matched
between the sitagliptin and comparison groups. Second, for the
patients with CKD without dialysis, the stage of CKD could not
be identified because patients’ body weight and blood creatinine
levels were not provided by NHIRD. Third, the NHIRD lacked
laboratory information, including lipid profiles (eg, low-density
lipoprotein, high-density lipoprotein, etc.), inflammatory factors
such as high sensitivity C-reactive protein (hsCRP), and levels of
N terminal pro B-type natriuretic peptide. Finally, our present
study has a mean of 1.07 years and a maximum of 2.83 years of
follow-up because of our available data of the NHIRD. A study
with longer duration of follow-up in the future could give more
robust information to confirm our finding.

5. Conclusions

Among T2DM patients with CKD after recent ischemic stroke,
sitagliptin use was not associated with an increased risk of MI,
CV death, ischemic stroke or hemorrhage stroke. Even in patients
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with ESRD, the use of sitagliptin did not increase composite
cardiac-cerebrovascular events. Furthermore, use of sitaglipitin
was not associated with increased risk of heart failure
hospitalization even in patients with CKD who are more
susceptible to fluid status. Therefore, sitaglipin use is safe in
T2DM patients with recent ischemic stroke and CKD.
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