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ABSTRACT

Objective To investigate the risk of cardiovascular events
associated with commonly used dual and triple therapies
of evogliptin, a recently introduced dipeptidyl peptidase-4
inhibitor (DPP4i), for managing type 2 diabetes in routine
clinical practice.

Design A retrospective cohort study.

Setting Korean Health Insurance Review and Assessment
database.

Participants Patients who initiated metformin-based dual
therapy and metformin+sulfonylurea-based triple therapy
in South Korea from 2014 to 2018.

Interventions Initiation of combination therapy with
evogliptin.

Primary and secondary outcome measures Hazards of
cardiovascular events, a composite endpoint of myocardial
infarction, heart failure and cerebrovascular events, and
its individual components. Cox proportional hazards

model with propensity score-based inverse probability of
treatment weighting were used to estimate HRs and 95%
Cls.

Results From the dual and triple therapy cohorts,

5830 metformin+evogliptin users and 2198
metformin+sulfonylurea-+evogliptin users were identified,
respectively. Metformin+evogliptin users, as compared
with metformin-+non-DPP4i, had a 29% reduced risk of
cardiovascular events (HR 0.71, 95% CI 0.62 to 0.82);

HRs for individual outcomes were cerebrovascular events
(0.71, 95%Cl 0.53 to 0.95), heart failure (0.70, 95%Cl
0.59 to 0.82), myocardial infarction (0.89, 95% Cl 0.60 to
1.31). Metformin+sulfonylurea-+evogliptin users, compared
with metformin-+sulfonylurea+non-DPP4i, had a 24%
reduced risk of cardiovascular events (0.76, 95% Cl 0.59
to 0.97); HRs for individual outcomes were myocardial
infarction (0.57, 95%Cl 0.27 to 1.19), heart failure (0.74,
95% Cl 0.55 to 1.01), cerebrovascular events (0.96, 95% Cl
0.61t0 1.51).

Conclusions These findings suggest that dual or

triple therapies of evogliptin for the management of

type 2 diabetes in routine clinical practice present no
cardiovascular harms, but could alternatively offer
cardiovascular benefits in this patient population.

INTRODUCTION

Cardiovascular events in patients with type 2
diabetes should be closely monitored, consid-
ering the paradigm shift in the treatment

,"%6 Sangmo Hong @ ,
1,4,8

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A nationwide healthcare database with minimal ex-
clusion criteria makes our findings generalisable to
real-world patients with type 2 diabetes receiving
combination oral antidiabetic drug therapies.

= The large sample size allowed for accurate estima-
tion of treatment effects for rare outcomes, includ-
ing myocardial infarction, with sufficient statistical
power.

= Residual confounding from unaccounted or unmea-
sured confounders is possible because of the inher-
ent nature of observational studies.

= Laboratory or lifestyle data of haemoglobin Alc,
body mass index, blood pressure, smoking status
and cholesterol were unavailable for assessment
from the Health Insurance Review and Assessment
Service database.

of type 2 diabetes.'”® With this concern, the
cardiovascular safety of dipeptidyl pepti-
dase-4 inhibitor (DPP4i), individually and
as a class, has been investigated in several
cardiovascular outcome trials and observa-
tional cohort studies.™® While prior studies
have established the cardiovascular safety of
DPP4is, they suggested the possibility that
individual DPP4is may likely have different
cardiovascular safety profiles in clinical use
owing to their molecular heterogeneity and
binding modes’; for example, saxagliptin and
alogliptin have been associated with poten-
tial risk of heart failure (HF).® To date, a
total of nine DPP4is are used in South Korea.
However, limited evidence on the cardiovas-
cular safety of relatively new agents, and the
growing use of combination therapy of DPP4is
leads to difficulty in clinical decision-making.’

Evogliptin is a relatively novel DPP4i
that received its first global approval in
2015."” "' Although a previous observa-
tional study has established the cardiovas-
cular safety of evogliptin'®> combination
therapy with other antidiabetics warrants
further investigation. In two randomised
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clinical trials of evogliptin as a combination therapy with
metformin (MET), cardiovascular-related adverse events
were reported; however, formal causal assessments were
lacking. One trial reported that 0.9% of patients in the
evogliptin group experienced unstable angina,"” whereas
another trial reported that 6.5% of patients experienced
dyslipidaemia.'"* However, these trials were underpow-
ered to evaluate any clinically meaningful incidence of
cardiovascular events. Furthermore, one observational
study found that evogliptin as a combination therapy
with MET was not associated with cardiovascular events
when compared with MET+glimepiride.'”” However, to
our knowledge, no study has examined the cardiovas-
cular safety of evogliptin as a triple therapy. Hence, more
evidence is needed, given the prevalent use of evogliptin
in patients with type 2 diabetes as dual and triple thera-
pies. Therefore, this study was aimed to assess the cardio-
vascular safety of evogliptin, when used as dual and
triple therapy for type 2 diabetes management by using a
nationwide healthcare database of South Korea.

RESEARCH DESIGN AND METHODS

Data source

This study used the data extracted from Health Insur-
ance Review and Assessment Service (HIRA) database of
South Korea between 1 January 2014 and 31 December
2018. The HIRA database contains longitudinal health
insurance claims data on diagnoses, prescribed drugs,
procedures, dates of hospitalisations and ambulatory
care utilisation from the entire Korean population of
approximately 50 million, owing to the universal health-
care system of South Korea."” All personal identifiers
were replaced with de-identifiable codes. Diagnoses were
coded using the International Classification of Diseases
(ICD-10), and prescribed drugs were coded based on
the domestic National Drug Chemical codes that were
mapped to the Anatomical Therapeutic Chemical classi-
fication codes. Diagnoses recorded in the HIRA database
were found to have an overall positive predictive value of

82.4%.'°

Study population

We identified a base cohort of patients newly prescribed
MET for type 2 diabetes (ICD-10: E11-E14) between 1
January 2015 and 31 December 2016. Base cohort entry
was defined as the date of the first MET prescription.
We excluded patients prescribed any antidiabetics in the
previous year of base cohort entry, patients aged <20 years
at base cohort entry and women with polycystic ovarian
syndrome (ICD-10: E28.2) prior to base cohort entry
because MET is also indicated for this condition.

We identified two study cohorts from the base cohort:
(1) patients who initiated dual oral antidiabetic drug
(OAD) therapy after 1 March 2016 (dual therapy cohort)
and (2) patients who initiated triple OAD therapy after 1
March 2016 (triple therapy cohort); study cohort entry
was defined after 1 March 2016 because reimbursement

of evogliptin was initiated on this date in South Korea.
The index date for dual and triple therapy cohorts was
defined as the date of prescription for the first dual and
triple OAD therapy, respectively. We excluded patients
with a history of cardiovascular events (myocardial infarc-
tion [MI], HF and cerebrovascular events) within 180
days prior to the index date. Patients meeting the eligi-
bility criteria were followed-up from the index date until
the earliest outcome occurrence, in-hospital death, or
the end of the study period (31 December 2018) (online
supplemental figure S1).

Exposure

The most widely prescribed dual and triple OAD regi-
mens of evogliptin were defined as the exposure group
of interest (online supplemental tables S2 and S3): a
combination of MET and evogliptin (MET+evogliptin;
97.05%) from the dual therapy cohort, and combina-
tion of MET, sulfonylurea (SU) and evogliptin (MET+-
SU+evogliptin; 81.53%) from the triple therapy cohort.
We did not investigate the less commonly used regimens
because of insufficient power. The reference group in the
dual therapy cohort was defined as patients who initiated
MET+non-DPP4i (SU, thiazolidinedione (TZD), o-gluco-
sidase inhibitors (AGI), sodium-glucose co-transporter 2
inhibitors (SGLT2i) and meglitinides (MEG)), whereas
the reference group in the triple therapy cohort was
defined as patients who initiated MET+SU+non-DPP4i
(TZD, AGI, SGLT2i and MEG).

As we aimed to compare the comparative cardiovas-
cular safety among OADs, non-oral agents (eg, insulin
and glucagon-like peptidase-1 receptor agonists) were
not included in the analysis. In support, according to
2018 report by the Korea Diabetes Association, 82.3%
of patients with type 2 diabetes were treated with OADs,
including >70% patients receiving combination therapy
of >2 OADs and 26.1% receiving triple therapy in 2016."7

Outcome

The primary outcome was incident hospitalisation or visit
to an emergency department for a cardiovascular event,
a composite endpoint comprising MI (ICD-10: 121), HF
(I50) and cerebrovascular events (160-166, G45). The
secondary outcomes were the individual components (MI,
HF and cerebrovascular events) of the primary composite
outcome. Diagnoses recorded in the HIRA database had
an overall positive predictive value of 82.4%."°

Potential confounders

We assessed age and sex on the index date and dura-
tion of diabetes by estimating the time period from
base cohort entry (incident MET monotherapy) to
the index date (incident dual or triple OAD therapy).
We estimated the Charlson Comorbidity Index score
within 180 days prior to the index date.'"® Comorbid-
ities and diabetes-related complications (hyperten-
sion, dyslipidaemia, chronic obstructive pulmonary
disease, hypoglycaemia, retinopathy, neuropathy,
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3,064,197 Patients with a first prescription for metformin
between 1 January 2015 and 31 December 2016

Excluded

2,106,932 Patients who had any OAD prescription
within one year before base cohort entry
912 Aged under 20 at base cohort entry
1,211 Women with polycystic ovary syndrome
any time before base cohort entry

A

955,142 Base cohort: Patients initiated OAD therapy involving metformin

¥

437,339 Patients prescribed OAD combination therapy
after base cohort entry until 30 June 2018

|

Y

395,418 Patients prescribed
dual OAD combination therapy

143,025 Patients prescribed
triple OAD combination therapy

T

Excluded
20,023 Patients with history of
respective outcome within

Excluded
6,841 Patients with history of
respective outcome within

[— |
180 days before index date 180 days before index date
157,099 Patients initiated dual 40,333 Patients initiated triple
therapy before 1 March 2016 therapy before 1 March 2016
v v
218,296 Dual OAD therapy cohort 95,851 Triple OAD therapy cohort
151,246 MET+DPP4i 64,069 MET+SU+DPP4i
5,830 - MET+EVO 2,198 - MET+SU+EVO
145,416 - MET+Other DPP4is 61,871 - MET+SU+Other DPP4is
59,497 MET+non-DPP4i 11,930 MET+SU+non-DPP4i
36,711 - MET+SU 3,287 - MET+SU+TZD
5,505 - MET+TZD 8,643 - MET+SU+Others?
17,281 - MET+Others?

Figure 1

Flow chart showing the inclusion and exclusion criteria for the study patients. 1Others include a-glucosidase

inhibitors, sodium-glucose co-transporter 2 inhibitors and meglitinides. Note: The reimbursement of evogliptin was initiated
on 1 March 2016. DPP4i, dipeptidyl peptidase-4 inhibitor; EVO, evogliptin; MET, metformin; OAD, oral antidiabetic drug; SU,

sulfonylurea; TZD, thiazolidinedione.

nephropathy and peripheral vascular disease) and
use of comedications (ACE inhibitors, angiotensin
II receptor blockers, B-blockers, calcium channel
blockers, diuretics, nitrates, digoxin, acetylsalicylic
acid, other antiplatelet drugs, warfarin, other anti-
coagulants and statins) were also assessed within the
180-day period before the index date (online supple-
mental table S1).

Statistical analyses

Patients’ baseline characteristics were described as counts
with proportions for categorical variables and mean
with standard deviations (SDs) for continuous variables.
The standardised mean difference (SMD) was used to
compare baseline characteristics between groups, with
an absolute SMD estimate >0.1 indicating a significant

imbalance. Propensity score methods were not used
in this study as our study included patients with type 2
diabetes at similar stages of the disease in both dual and
triple therapy cohorts; patients are therefore believed to
have similar demographic and clinical characteristics and
disease severity.

Cumulative incidence curves were plotted for the
primary composite outcome of each exposure group
and evaluated for any differences among curves at all
time points using the Gray’s test.'” We estimated inci-
dence rates per 1000 person-years with 95% CI for study
outcomes, based on the Poisson distribution. We used
the Cox proportional hazards regression model for each
study outcome to estimate the HR with 95% CI, where
the model was adjusted for all potential confounders.
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Furthermore, we investigated the potential effect modifi-
cation by age (20-44, 45-64, 265 years) and sex.

We repeated the main analysis for other individual
DPP4is approved in South Korea, including alogliptin,
anagliptin, gemigliptin, linagliptin, saxagliptin, sita-
gliptin, teneligliptin and vildagliptin as an ancillary
analysis.

All analyses were conducted using the SAS Enterprise
Guide V.6.1 (SAS Institute, Cary, North Carolina, USA).

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

RESULTS

Among 955 142 patients newly prescribed MET between
2015 and 2016 (base cohort), 218296 and 95851
patients initiated the dual and triple OAD therapy after 1
March 2016, respectively (figure 1). There were 151246
MET+DPP4i users (including 5830 patients who used
evogliptin) and 59497 MET+non-DPP4i users from the
dual therapy cohort, and 64069 MET+SU+DPP4i users
(including 2198 patients who used evogliptin) and 11930
MET+SU+non-DPP4i users from the triple therapy cohort
(figure 1). Combination regimens of MET+DPP4i and
MET+SU+DPP4i were the most commonly prescribed in
their respective cohorts (online supplemental tables S2
and S3).

MET+evogliptin users were older (mean age 56.0 (SD
11.7) years) than MET+non-DPP4i users (mean age 54.1
(SD 12.6) years; SMD 0.162) and had a higher proportion
of dyslipidaemia (40.9% vs 35.9%; SMD 0.104) and use of
statins (48.9% vs 43.5%; SMD 0.107) in the dual therapy
cohort. In the triple therapy cohort, MET+SU+evogliptin
users were older (mean age 52.9 (SD 12.0) years) than
MET+SU+non-DPP4i users (mean age 50.1 (SD 12.3)
years; SMD 0.228) and had a shorter duration of diabetes
(mean 354.0 (SD 319.5) vs mean 431.3 (SD 326.4) days;
SMD -0.239) and lower proportion of B-blocker use (7.9%
vs 11.3%; SMD -0.118). The baseline characteristics of
MET+DPP4i and MET+SU+DPP4i were similar to those
of MET+evogliptinand MET+SU+evogliptin, respectively
(table 1).

The incidence of cardiovascular events was significantly
lower in MET+evogliptin (Gray’s p value<0.001) and
MET+DPP4i (p=0.006) than in MET+non-DPP4i in the
dual therapy cohort. Moreover, the cumulative incidence
plots for cardiovascular events showed no significant
differences in the triple therapy cohort: MET+SU+non-
DPP4i versus MET+SU+evogliptin (p=0.074) and MET+-
SU+DPP4i (p=0.117) (figure 2).

In the dual therapy cohort, the use of MET+evogliptin
as compared with MET+non-DPP4i was associated with
reduced risks of cardiovascular events (HR 0.71, 95% CI
0.62 to 0.82; p<0.001), HF (HR 0.70, 95% CI 0.59 to 0.82;
p<0.001) and cerebrovascular events (HR 0.71, 95% CI

0.53 to 0.95; p=0.021), but showed a statistically non-
significant association for MI (HR 0.89, 95% CI 0.60 to
1.30; p=0.543). Moreover, the use of MET+DPP4i was
consistent with a decreased risk of cardiovascular events
(HR 0.91, 95%CI 0.87 to 0.95; p<0.001) and HF (HR
0.88, 95% CI 0.84 to 0.93; p<0.001); however, a statisti-
cally non-significant association for MI (HR 0.91, 95% CI
0.80 to 1.04; p=0.160) and cerebrovascular events (HR
0.95, 95%CI 0.87 to 1.04; p=0.304) was observed. In
addition, the use of MET+SU+evogliptin as compared
with MET+SU+non-DPP4i was associated with a reduced
risk of cardiovascular events (HR 0.76, 95% CI 0.59 to
0.97; p=0.027); however, MET+SU+DPP4i showed a
statistically non-significant association (HR 1.01, 95% CI
0.92 to 1.12; p=0.781). For all individual components
of the primary outcome as secondary outcomes, both
MET+SU+evogliptin and MET+SU+DPP4i, as compared
with MET+SU+non-DPP4i, showed a statistically non-
significant association (table 2). Trends of individual
DPP4is other than evogliptin were similar to the main
analysis (online supplemental tables S4 and S5).
Age-stratified and sex-stratified analyses revealed no
significant effect modification regarding the risk of cardio-
vascular events and its individual components associated
with MET+evogliptinand MET+DPP4i when compared
with MET+non-DPP4i (online supplemental tables S6 and
S7). In contrast, a significant effect modification by sex
was observed for the risk of cardiovascular events when
comparing MET+SU+evogliptin versus MET+SU-+non-
DPP4i (men: HR 0.67, 95% CI 0.49 to 0.93; women: HR
1.16, 95% CI 0.79 to 1.71; p-for-interaction=0.040). More-
over, there was also significant effect modification by age
for the risk of HF associated with MET+SU+DPP4i versus
MET+SU+non-DPP4i (20-44 years old: HR 0.74, 95% CI
0.51 to 1.08; 45-64 years old: HR 1.18, 95% CI 1.00 to
1.41; 265 years old: HR 0.97, 95% CI 0.80 to 1.19; p-for-
interaction=0.039; online supplemental tables S8 and S9).

CONCLUSIONS

This population-based cohort study examined the risk of
cardiovascular events associated with the use of evogliptin
either as dual or triple therapy with other OAD(s). The
use of MET+evogliptin and MET+SU+evogliptin was asso-
ciated with reduced risks of cardiovascular events (29%
and 24 %, respectively) as compared with MET+non-DPP4i
and MET+SU+non-DPP4i. Moreover, MET+evogliptin
was associated with a significantly decreased risk of HF
and cerebrovascular events compared with MET+non-
DPP4i in the dual therapy cohort.

Our findings were consistent with the studies that
assessed the cardiovascular safety of DPP4is as MET-based
dual OAD therapy.**™® A meta-analysis of randomised
clinical trials and observational studies found a reduced
risk of cardiovascular events associated with MET+DPP4i
(pooled relative risk 0.71, 95% CI 0.56 to 0.90) compared
with MET+SU.%! Moreover, recent observational studies
from Denmark® (HR 0.71, 95%CI 0.62 to 0.81) and
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Continued

Table 1

Metformin+sulfonylurea-based triple OAD therapy

Metformin-based dual OAD therapy

MET+SU+non-DPP4i

MET+SU+DPP4i
(n=64069)
10558

1295

444

MET+SU+EVO

(n

MET+non-DPP4i
(n=59497)

11287

1264

364

7779

MET+DPP4i

(n

MET+EVO
(n=5830)

11930)

(n=
2087
259
73

2198)

339
26
14

151246)

Characteristics,* n (%)

(17.5)
2.2)

(16.5)
(2.0)
0.7)

(15.4)
1.2)

(0.6)

(19.0)

@.1)

(17.9)
(2.5)
(0.6)

27092
3724
961

(19.1)
(1.5)

(0.5)

1111

87

Diuretics
Nitrate

(0.6)

(0.6)

26

Digoxin

12.2)

1458
1741

27

(12.3)

7876
8575

(10.7)

234

(13.1)

(13.8)

20828
20684
602

797 (13.7)

764
22

Acetylsalicylic acid

(14.6)
0.2)
©.7)

(13.4)
(0.3)

(3.4)

(12.3)
(0.3)

(1.9)

271
6

(13.3)
(0.3)
(2.8)

7922
169

(13.7)
(0.4)
(3.3)

(13.1)
(0.4)

(1.9)

Other antiplatelet drugs

Warfarin

94
2162

321

41

1639
25901

5001

110

2,849t

Other anticoagulants

Statins

1059 (48.2) 31451 49.1) 6318 (53.0)

(43.5)

73034  (48.3)

(48.9)

*Age and sex were assessed on the index date, and other baseline characteristics were assessed within 180 days prior to the index date.

tAbsolute standardised difference >0.1, when non-DPP4i was used as a reference group.

ACEi, ACE inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; COPD, chronic obstructive pulmonary disease; DPP4i, dipeptidyl peptidase-4 inhibitor; EVO, evogliptin;

MET, metformin; OAD, oral antidiabetic drug; SD, standard deviation; SU, sulfonylurea.

A Dual Therapy
1 0.07

— MET+EVO
0.9 0.06  METsnonDPPai
0.8 0.05
0.7 0.04
0.6 0.03
0.5 0.02
0.4 0.01 p-value (DPP4i)=0.006

p-value (EVO)<0.001

Cumulative Incidence

03 0
02 0 180 360 540 720 900
0.1
0 I
0 180 360 540 720 900
number at risk Duration of Follow-up (days)
MET+EVO 5830 5763 5292 4871 4051 1371
MET+DPP4i 151246 148200 133902 118849 95975 43392
MET+non-DPP4i 59497 58217 52549 46695 37748 16316
B Triple Therapy
1 0.07 —— MET+SU+EVO
0.9 0.06 MET+SU+DPP4i
. —— MET+SU+non-DPP4i
0.8
8 0.05
c 07 0.04
()]
o 0.6 0.03
g 0.5 0.02
o 001 p-value (DPP4i)=0.074
2 04 . p-value (EVO)=0.117
s 03 0
S 0 180 360 540 720 900
0.2
g
o 0.1
0
0 180 360 540 720 900
number at risk Duration of Follow-up (days)
MET+SU+EVO 2198 2166 1832 1554 1100 396
MET+SU+DPP4i 64069 62676 51995 42005 29980 13199

MET+SU+non-DPP4i 11930 11712 9526 7433 4923 1961
Figure 2 Cumulative incidence curves for cardiovascular
events associated with evogliptin and dipeptidyl

peptidase-4 inhibitor (DPP4i) compared with non-DPP4i

oral antidiabetic drugs as metformin-based dual therapy

and metformin+sulfonylurea-based triple therapy. EVO,
evogliptin; MET, metformin; OAD, oral antidiabetic drugs; SU,
sulfonylurea.

Taiwan®* (HR 0.85, 95% CI 0.74 to 0.98) reported similar
findings regarding the risk of cardiovascular events after
the addition of DPP4is as compared with SU to MET
monotherapy. However, two other previous studies are
inconsistent with our findings.”® * Although there was
a non-significant association between MET+DPP4i and
cardiovascular events (HR 1.02, 95% CI 0.88 to 1.19) as
compared with MET+SU,* this study used represented
different time period (2015-2018 vs 2008-2013) and
had an older study population (mean age 55 vs 62 years).
Although another study also showed a non-significant
effect for major adverse cardiovascular events (MACE)
associated with MET+DPP4i (HR 0.52, 95% CI 0.13 to
2.10) compared with MET+SU, this study lacked statis-
tical power (114 patients treated with MET+DPP4i) and,
thus, showed abnormally wide CI. These limitations result
in complexity in performing direct comparisons with our
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findings. Thus, we reaffirmed the cardiovascular safety of
DPP4is as a class when used as dual therapy with MET
by showing comparable findings to those of prior studies
and providing novel evidence that MET+evogliptin is
associated with a decreased risk of cardiovascular events
by a greater magnitude. However, to determine potential
cardiovascular effect of evogliptin, dedicated prospec-
tive clinical trials in high-risk patient populations are
warranted.

Contrary to the dual OAD therapy, there is limited
evidence available on the cardiovascular safety of triple
therapy.®” * Although Jensen et al observed a reduced
risk of MACE associated with MET+SU+DPP4i (HR 0.39,
95% CI 0.22 to 0.67), the reference group in the study
was MET+SU, allowing bias by comparing patients with
type 2 diabetes those are likely to be at different stages
or severity of the disease (triple vs dual therapy).”” Addi-
tionally, one study found no risk of MACE associated
with MET+SU+DPP4i as compared with MET+SU+TZD
(HR 1.02, 95% CI 0.92 to 1.12),* similar to our study
finding of non-significant association between risk of
cardiovascular events and MET+SU+DPP4i compared
with MET+SU+non-DPP4i (HR 1.01, 95%CI 0.92 to
1.12). Interestingly, although DPP4is as a class had a
non-significant effect, the risk of cardiovascular events
was reduced with MET+SU+evogliptin (HR 0.76, 95% CI
0.59 to 0.97), which might be attributable to the struc-
tural heterogeneity within drugs of DPP4i class leading to
varying cardiovascular effects.”® Therefore, our findings
suggest that evogliptin as triple therapy with MET and
SU can offer potential cardiovascular benefits to patients
with type 2 diabetes, unlike MET+SU+DPP4i representing
a non-significant association.

The association between DPP4is and HF remains
uncertain, as conflicting results have been reported in
several randomised trials and observational studies.”
The biological effects of DPP4i, including stimulation of
cyclic adenosine monophosphate (cAMP) in cardiomy-
ocytes and potentiation of stromal cell-derived factor-1,
can possibly explain the associated elevated HF risk, by
driving calcium overload affecting patients with reduced
ejection fraction.™ However, with no appropriate
clinical consensus present on whether DPP4is used as
combination therapy with other OAD(s) and its posi-
tive or negative contribution to the risk of HF, further
investigations are needed. Available evidence on the risk
of HF associated with DPP4i in combination with other
OAD(s) are inconclusive. One study found that DPP4i
users, either as monotherapy or dual therapy with MET,
had a reduced risk of HF by 19% when compared with
non-DPP4i initiators (HR 0.81, 95% CI 0.70 to 0.94).%
Our findings were consistent by showing a significantly
reduced risk of HF for MET+DPP4i (HR 0.88,95% CI 0.84
to 0.93) and MET+evogliptin (HR 0.70, 95% CI 0.59 to
0.82), when compared with MET+non-DPP4i. Regarding
triple OAD therapy, Ou et alreported no risk of HF associ-
ated with MET+SU+DPP4i (HR 1.12, 95% CI 0.94 to 1.33)
when compared with MET+SU+TZD,** which was also

consistent with our finding for MET+SU+DPP4i (HR 1.07,
95% CI 0.94 to 1.21) and MET+SU+evogliptin (HR 0.74,
95% CI 0.55 to 1.01), as compared with MET+SU+non-
DPP4i. Hence, our findings add to the existing litera-
ture that DPP4is as a class do not positively contribute
to the risk of HF when used as dual therapy with MET
or as triple therapy with MET+SU and present new real-
world evidence that evogliptin has similar effects as other
DPP4is.

The early separation of curves observed in our cumu-
lative incidence curves (figure 2) raises questions about
potential heterogeneity within the DPP4i class, which
could contribute to differential cardiovascular effects.
Recent evidence suggesting an attenuation effect of
evogliptin on inflammation, fibrosis and calcification
adds complexity to understanding its cardiovascular
effects.”® These findings emphasise the need for further
research to elucidate the underlying mechanisms driving
these differences.

Our study had several strengths. First, the selection
of patients from a nationwide healthcare database with
minimal exclusion criteria makes our findings generalis-
able to real-world patients with type 2 diabetes receiving
combination OAD therapies. Second, the large sample
size allowed for accurate estimation of treatment effects
for rare outcomes, including MI, with sufficient statis-
tical power. Third, we identified our study cohort as
patients who newly initiated dual or triple OAD therapy
from incident users of MET to improve comparison
among those treated with combination OAD therapy
owing to the inclusion of patients at similar stages of
disease progression or severity and to avoid prevalent
user bias.” %

Our study had some limitations. First, laboratory or life-
style data of haemoglobin Alc, body mass index, blood
pressure, smoking status and cholesterol were unavail-
able for assessment from the HIRA database. However,
we minimised residual confounding from such unmea-
sured covariates by adopting a new user design and
adjusting for the duration of type 2 diabetes and various
comorbidities and comedications. Second, the use of an
intention-to-treat approach to ascertain exposure status
could have led to potential exposure misclassification,
which would have directed the effect estimate toward the
null.” However, bias arising from this misclassification is
likely to be minimal, as the maximum possible follow-up
was 3 years; if any were present, it is likely to have been
non-differential between exposure groups. Third,
misclassification of diagnostic codes used to define the
study outcomes was possible. However, any bias arising
from this misclassification is likely to be minimal, as diag-
nostic codes recorded in the HIRA database were found
to have an overall positive predictive value of 82.4% when
compared with electronic medical records.'® Moreover,
we further minimised this bias by defining our outcomes
as diagnoses that required hospital admission or were
made in an emergency department. Furthermore,
residual confounding from unaccounted or unmeasured
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confounders is possible because of the inherent nature of
observational studies.

This population-based cohort study using nationwide
healthcare data from South Korea provides novel real-
world evidence on the cardiovascular safety of evogliptin
as either dual or triple therapy with MET and/or SU. It
is important to note that our findings largely confirm
previous research in this area, further supporting the
cardiovascular safety profile of evogliptin in routine clin-
ical practice. In addition to contributing to the growing
body of evidence supporting the cardiovascular safety
profile of DPP4is, findings from this study suggest that the
combinations MET+evogliptinand MET+SU+evogliptin
present no deleterious cardiovascular effects to patients
with type 2 diabetes with inadequate glycaemic control
after MET monotherapy and MET+SU dual therapy, but
could alternatively offer potential cardiovascular benefits
in this patient population.
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