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Background: Using real-world data, cardiovascular safety was investigated in metformin users newly starting sodium glucose cotransporter 2 (SGLT2) inhibitors compared with other glucose-lowering drugs in Korea.
Methods: This was a retrospective observational study using the National Health Insurance Service claims database in Korea. The
study period was from September 2014 to December 2016. The study included subjects who were newly prescribed SGLT2 inhibitors or other glucose-lowering drugs while on metformin monotherapy; cohort 1 was composed of new users of SGLT2 inhibitors versus dipeptidyl peptidase-4 (DPP-4) inhibitors and cohort 2 included new users of SGLT2 inhibitors versus sulfonylureas.
To balance the patient characteristics, propensity score matching was performed at a 1:1 ratio. Cardiovascular outcomes included
hospitalization for heart failure (HHF), all-cause mortality, HHF plus all-cause mortality, myocardial infarction (MI), stroke, and
modified major adverse cardiovascular events (MACEs).
Results: After propensity score matching, each cohort group was well balanced at baseline (21,688 pairs in cohort 1 and 20,120
pairs in cohort 2). As the second-line treatment, use of SGLT2 inhibitors was associated with a lower risk of HHF and HHF plus
all-cause mortality compared with DPP-4 inhibitors. In addition, use of SGLT2 inhibitors versus sulfonylurea as add-on therapy
to metformin was associated with decreased risks of HHF, all-cause mortality, HHF plus all-cause mortality, MI, stroke, and modified MACEs.
Conclusion: SGLT2 inhibitors can be a good second-line drug to reduce the incidence of cardiovascular diseases compared with
DPP-4 inhibitors or sulfonylureas in people with type 2 diabetes mellitus.
Keywords: Death; Diabetes mellitus, type 2; Heart failure; Myocardial infarction; Retrospective studies; Sodium-glucose transporter 2 inhibitors; Stroke

INTRODUCTION
People with diabetes are at high risk of cardiovascular disease
and heart failure [1-3]. Cardiovascular disease is the main cause
of death in people with diabetes [4]. The management for preventing or reducing cardiovascular disease has been emphasized in subjects with diabetes [5]. When patients with diabetes
received comprehensive management of multiple cardiovascuCorresponding author: Dae Jung Kim

https://orcid.org/0000-0003-1025-2044
Department of Endocrinology and Metabolism, Ajou University Hospital, Ajou
University School of Medicine, 164 World cup-ro, Yeongtong-gu, Suwon 16499, Korea
E-mail: djkim@ajou.ac.kr

lar risk factors, the benefit of lowering glucose to reduce the risk
of cardiovascular disease was not clearly proven [6,7]. The issues associated with the use of thiazolidinediones or saxagliptin, including the increased risk of heart failure, have been
raised regarding glucose-lowering drug treatment [8,9].
Sodium glucose cotransporter 2 (SGLT2) inhibitors were recently introduced as a new class of glucose-lowering drugs that
reduce glycemia by increasing renal glucose excretion [10].
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The cardiovascular outcomes of patients treated with SGLT2
inhibitors (empagliflozin, canagliflozin, and dapagliflozin)
have been reported [11-13]. Concordant results regarding cardiovascular death and three major adverse cardiovascular
events (MACEs) were not shown in those previous studies.
Discrepancies among the three trials were explained by differences in the study populations with established atherosclerotic
cardiovascular disease (ASCVD) which was supported by meta-analysis results in subgroups from the three trials [14]. The
American Diabetes Association-European Association for the
Study of Diabetes consensus report in October 2018 reflected
these results and modified the recommendations regarding diabetes medication therapy [15]. SGLT2 inhibitors are preferred
for type 2 diabetes mellitus (T2DM) patients with ASCVD if
additional medications while on metformin are needed [15].
Even if patients with T2DM have no proven ASCVD, SGLT2
inhibitors are primarily selected for their low hypoglycemic
risk and weight loss effects [15]. Although these studies provide useful information regarding the effects of SGLT2 inhibitors on cardiovascular outcomes, several issues require clarification such as the effect on each composite outcome or the results compared with specific drug classes.
In the present study, cardiovascular outcomes including allcause mortality in users on metformin monotherapy newly
started on SGLT2 inhibitors compared with other glucoselowering drugs were compared using real-world data in Korea.

METHODS
Data source
This observational cohort study was based on the National
Health Insurance Service (NHIS; NHIS-2018–1–349) claims
database. In Korea, the NHIS is a mandatory national healthcare system that covers the entire population. The NHIS database contains inpatient and outpatient information, demographics, diagnoses (using International Classification of Disease, tenth revision [ICD-10] codes), prescriptions, and procedures. To complement laboratory measurements and health behavior data, the NHIS claims database was merged with nationwide health examinations provided by the NHIS [16]. Subgroup analysis was performed using health examination results.
The study protocol was approved by the Institutional Review
Board of Ajou University Hospital (AJIRB-MED-MDB-15-363)
and conformed to the ethical guidelines of the Declaration of
Helsinki.
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Study cohort
The study was conducted from September 2014 (the time when
a SGLT2 inhibitor was introduced in Korea) to December
2016. Patients with T2DM ≥18 years of age who were on metformin monotherapy and newly started on a SGLT2 inhibitor
(dapagliflozin, empagliflozin, or ipragliflozin), a dipeptidyl
peptidase-4 (DPP-4) inhibitor (alogliptin, anagliptin, evogliptin, gemigliptin, linagliptin, saxagliptin, sitagliptin, teneligliptin, or vildagliptin), or a sulfonylurea (glibenclamide, gliclazide, glimepiride, or glipizide) were identified. The individual exposure times are shown in Supplementary Table 1. The index date was defined as the date the patient first started on a
SGLT2 inhibitor, DPP-4 inhibitor, or sulfonylurea, with no prescription of the same drug class during the preceding year.
When multiple new-user dates were found, the first dispensed
drug was chosen. On the index date, patients treated with other
glucose-lowering drugs or insulin, excluding metformin and
each comparative drug, were excluded. Among those, patients
who received metformin monotherapy within 1 year before the
index date were further selected. Next, we divided the patients
into two cohorts. Cohort 1 consisted of patients on metformin
monotherapy who were also started on a SGLT2 inhibitor or
DPP-4 inhibitor but did not take a SGLT2 inhibitor or DPP-4
inhibitor during the preceding year. Cohort 2 consisted of patients on metformin monotherapy who were started on a
SGLT2 inhibitor or sulfonylurea but did not take a SGLT2 inhibitor or sulfonylurea during the preceding year. Follow-up
for the intention-to-treatment analysis was continued until
December 2016 or the occurrence of an outcome regardless of
whether the indicated drug (cohort 1, SGLT2 inhibitor or DPP4 inhibitor; cohort 2 SGLT2 inhibitor or sulfonylurea) was continued or not. That for the on-treatment analysis was stopped if
the indicated drug was stopped or a comparator drug was
started. Metformin could be switched to another glucose-lowering drug or another glucose-lowering drug could be added.
In Korea, nationwide health examinations are performed biannually for citizens ≥40 years of age. In our study population,
health examination data were available for 42% of cohort 1 and
38% of cohort 2 patients within 1 year before the index date. In
addition, analysis of the subjects in the two subgroups was performed.
Baseline variables
Baseline characteristics including age, sex, index date, comorbidities, frailty, and medication were collected. Frailty was deDiabetes Metab J 2021;45:505-514
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fined as at least one hospital admission ≥3 consecutive days
during the preceding year before the index date. Comorbidities
were searched based on ICD-10 diagnosis codes from 1 year
before the index date to the index date (Supplementary Table
2). Percutaneous coronary intervention was searched using
Healthcare Common Procedure Coding System codes provided by the Health Insurance Review and Assessment service regarding the procedure or surgery. Peripheral arterial disease
was identified based on the ICD-10 code, procedure, and surgery code. Drug prescriptions were identified based on the Anatomical Therapeutic Chemical code (Supplementary Table 2).
Study outcomes
Study outcomes included hospitalization for heart failure (HHF),
all-cause mortality, HHF plus all-cause mortality, myocardial
infarction (MI), stroke, and modified MACEs. HHF was defined
as admission to the hospital with a main diagnosis of heart failure, and modified MACEs were defined as all-cause mortality,
MI, and stroke.
Statistical analyses
Continuous variables are presented as mean±standard deviation (SD). Categorical variables are presented as numbers and
percentages. To balance the baseline characteristics between
the groups, propensity score matching with a 1:1 ratio and a
nearest neighbor caliper width of 0.25 SD of the propensity
score distribution were used for each cohort. Covariates were
balanced using standardized differences; a standardized difference >10% was used to indicate a significant group imbalance
between baseline variables. The main analysis was performed
according to the intention-to-treat (ITT) principle. The results
of on-treatment analyses are included as supplementary data.
A Cox proportional hazard regression analysis was performed
to calculate hazard ratios (HR) and 95% confidence interval
(CI) for the occurrence of cardiovascular events and mortality.
The cumulative incidences of cardiovascular events and mortality were plotted using the Kaplan-Meier method, and the resulting curves were compared using the log-rank test based on
treatment group in each cohort. Subgroup analyses were performed based on the presence of risk factors for the cardiovascular events HHF or HHF plus all-cause mortality. A two-sided P<0.05 was considered significant. All data were analyzed
using the SAS software version 9.4 (SAS Institute Inc., Cary,
NC, USA) and R software packages version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria).
https://e-dmj.org
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RESULTS
Study cohort and patient characteristics
During the study period from September 2014 to December
2016, cohort 1 included patients who newly added a SGLT2 inhibitor (n=21,713) or DPP-4 inhibitor (n=104,224) to their
metformin monotherapy, and cohort 2 included patients who
newly added a SGLT2 inhibitor (n=21,837) or sulfonylurea
(n=66,463) to metformin monotherapy (Supplementary Table
3). Before propensity score matching, patients in the SGLT2
inhibitor group were generally younger, predominantly female,
and had less frailty. In addition, patients in the SGLT2 inhibitor group received statins or angiotensin receptor blockers
more frequently and dihydropyridines less frequently compared with the patients in the DPP-4 inhibitor group or sulfonylurea group. After 1:1 propensity score matching, the baseline characteristics were well balanced between the groups
from each cohort with a standardized difference <10% for
most of the variables evaluated (Table 1). Two well-matched
cohorts of patients who newly added a SGLT2 inhibitor versus
DPP-4 inhibitor (21,688 pairs) and a SGLT2 inhibitor versus
sulfonylurea (20,120 pairs) to metformin monotherapy were
compared. The median follow-up times were 333 and 341 days
in the SGLT2 inhibitor and DPP-4 inhibitor groups of cohort 1
after matching, respectively, and 348 and 354 days in the SGLT2
inhibitor and sulfonylurea groups of cohort 2, respectively.
Risks of cardiovascular outcomes in the SGLT2 inhibitor
compared with DPP-4 inhibitor or sulfonylurea groups
ITT analysis of the results was performed. On-treatment analyses were generally similar to the ITT analyses (Supplementary
Table 4). Patients in the SGLT2 inhibitor group showed lower
risks of HHF and HHF plus all-cause mortality compared with
patients in the DPP-4 inhibitor group (HR, 0.78; 95% CI, 0.63
to 0.97 and HR, 0.79; 95% CI, 0.66 to 0.94, respectively) (Table
2). Treatment with a SGLT2 inhibitor was associated with lower risks of HHF (HR, 0.66; 95% CI, 0.54 to 0.82), all-cause
mortality (HR, 0.60; 95% CI, 0.46 to 0.79), MI (HR, 0.65; 95%
CI, 0.55 to 0.77), stroke (HR, 0.74; 95% CI, 0.61 to 0.89), and
modified MACEs (HR, 0.69; 95% CI, 0.60 to 0.79) compared
with sulfonylurea. Kaplan-Meier curves consistently showed
differences in the cumulative incidence of cardiovascular
events between the SGLT2 inhibitor group and comparator
group from either cohort 1 or 2 (Fig. 1). The cumulative incidences of HHF and HHF plus all-cause mortality were signifi507
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Table 1. Demographic data and baseline characteristics after propensity score matching
Cohort 1

Cohort 2

Characteristic

SGLT2i
(n=21,688)

DPP-4i
(n=21,688)

Standardized
difference

SGLT2i
(n=20,120)

SU
(n=20,120)

Standardized
difference

Age, yr

51.9±11.9

51.6±12.2

2.1

52.6±11.7

52.4±12.4

1.4

Women

9,629 (44.4)

9,684 (44.7)

0.5

8,764 (43.6)

8,815 (43.8)

0.5

1,975 (9.1)

2,054 (9.5)

1.3

1,955 (9.7)

2,082 (10.3)

2.1

Index year
2014
2015

7,899 (36.4)

7,888 (36.4)

0.1

7,665 (38.1)

7,610 (37.8)

0.6

2016

11,814 (54.5)

11,746 (54.2)

0.6

10,500 (52.2)

10,428 (51.8)

0.7

Cardiovascular disease

4,440 (20.5)

3,991 (18.4)

5.2

3,979 (19.8)

3,554 (17.7)

5.4

Myocardial infarction

432 (2.0)

392 (1.8)

1.4

361 (1.8)

336 (1.7)

1.0

PCI with stent

276 (1.3)

237 (1.1)

1.7

200 (1.0)

192 (1.0)

0.4

Comorbidities

Unstable angina

658 (3.0)

576 (2.7)

2.3

574 (2.9)

547 (2.7)

0.8

Angina pectoris

2,508 (11.6)

2,350 (10.8)

2.3

2,201 (10.9)

2,012 (10.0)

3.1

Heart failure

1,032 (4.8)

929 (4.3)

2.3

864 (4.3)

817 (4.1)

1.2

389 (1.8)

347 (1.6)

1.5

330 (1.6)

317 (1.6)

0.5

1,452 (6.7)

1,322 (6.1)

2.5

1,355 (6.7)

1,247 (6.2)

2.2

13 (0.1)

17 (0.1)

0.7

12 (0.1)

15 (0.1)

0.6

Atrial fibrillation
Stroke
Peripheral artery disease
Chronic kidney disease

165 (0.8)

136 (0.6)

1.6

142 (0.7)

130 (0.6)

0.7

Diabetic neuropathy

1,973 (9.1)

1,798 (8.3)

2.9

1,801 (9.0)

1,747 (8.7)

0.9

Diabetic retinopahty

2,884 (13.3)

2,757 (12.7)

1.7

2,536 (12.6)

2,443 (12.1)

1.4

Diabetic nephropathy

2,732 (12.6)

2,622 (12.1)

1.5

2,098 (10.4)

1,975 (9.8)

2.0

Severe hypoglycemia

241 (1.1)

213 (1.0)

1.3

228 (1.1)

217 (1.1)

0.5

Keto-/lactate acidosis

77 (0.4)

81 (0.4)

0.3

71 (0.4)

58 (0.3)

1.1

1,747 (8.1)

1,634 (7.5)

1.9

1,587 (7.9)

1,550 (7.7)

0.7

364 (1.7)

313 (1.4)

1.9

358 (1.8)

327 (1.6)

1.2

3,764 (17.4)

3,547 (16.4)

2.7

3,495 (17.4)

3,302 (16.4)

2.6

13,287 (61.3)

13,156 (60.7)

1.2

11,822 (58.8)

11,872 (59.0)

0.5

Cancer
Frailty (yes)
Drugs
Low dose acetylic salicylic acid
Statin therapy
ACE inhibitors

460 (2.1)

400 (1.8)

2.0

402 (2.0)

366 (1.8)

1.3

ARB

9,240 (42.6)

9,082 (41.9)

1.5

8,349 (41.5)

8,291 (41.2)

0.6

Dihydropyridines

3,346 (15.4)

3,134 (14.5)

2.7

3,197 (15.9)

3,093 (15.4)

1.4

Low ceiling diuretics

1,402 (6.5)

1,277 (5.9)

2.4

1,316 (6.5)

1,269 (6.3)

1.0

Beta blockers

3,205 (14.8)

2,982 (13.7)

2.9

2,834 (14.1)

2,673 (13.3)

2.3

Non-hydropyridines

477 (2.2)

433 (2.0)

1.4

404 (2.0)

390 (1.9)

0.5

High ceiling diuretics

678 (3.1)

603 (2.8)

2.0

606 (3.0)

578 (2.9)

0.8

Aldosterone antagonists

328 (1.5)

274 (1.3)

2.1

282 (1.4)

260 (1.3)

0.9

126 (0.6)

114 (0.5)

0.7

115 (0.6)

109 (0.5)

0.4

1,223 (5.6)

1,093 (5.0)

2.7

1,075 (5.3)

1,044 (5.2)

0.7

Warfarin
Receptor P2Y12 antagonists

Values are presented as mean±standard deviation or numbers (%). Frailty was defined as at least one hospital admission ≥3 consecutive days
during the preceding year before the index date.
SGLT2i, sodium glucose cotransporter 2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; SU, sulfonylurea; PCI, percutaneous coronary intervention; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker.
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Table 2. Hazard ratios for cardiovascular events in propensity score matched population
Cohort 1 (n=21,688 pairs)
Event rate

Variable

SGLT2i

DPP-4i

HHF

0.69

0.89

All-cause death

0.41

HHF+All-cause death
Myocardial infarction

Cohort 2 (n=20,120 pairs)

HR (95% CI)

Event rate

HR (95% CI)

SGLT2i

SU

0.78 (0.63–0.97)

0.69

1.03

0.66 (0.54–0.82)

0.48

0.86 (0.65–1.13)

0.42

0.70

0.60 (0.46–0.79)

1.05

1.33

0.79 (0.66–0.94)

1.05

1.61

0.65 (0.55–0.77)

0.29

0.31

0.94 (0.67–1.33)

0.29

0.44

0.65 (0.47–0.90)

Stroke

0.94

0.86

1.08 (0.88–1.31)

0.96

1.29

0.74 (0.61–0.89)

Modified MACEs

1.54

1.56

0.98 (0.85–1.14)

1.58

2.27

0.69 (0.60–0.79)

Above results were obtained by intention to treatment analyses.
SGLT2i, sodium glucose cotransporter 2 inhibitor; DPP-4i, dipeptidyl peptidase-4 inhibitor; HR, hazard ratio; CI, confidence interval; SU, sulfonylurea; HHF, hospitalization for heart failure; MACE, major adverse cardiovascular event.

cantly lower in the SGLT2 inhibitor group than in those treated
with the DPP-4 inhibitor (log-rank test, P=0.024 and P=0.008,
respectively) (Fig. 1A). In addition, the rates of HHF, all-cause
mortality, MI, stroke, and modified MACE were significantly
lower in the SGLT2 inhibitor group than in those treated with
the sulfonylurea (log-rank test, P<0.001, P<0.001, P=0.009,
P<0.001, and P<0.001, respectively) (Fig. 1B).
Sensitivity analysis
Subgroup analyses of HHF and HHF plus all-cause mortality
were performed based on risk group (Fig. 2). In most subgroups,
SGLT2 inhibitors showed more favorable effects on HHF and
HHF plus all-cause mortality than did DPP-4 inhibitors or sulfonylureas. In the subgroup with available health screening
data (Supplementary Table 5), SGLT2 inhibitors showed significantly lower rates of HHF, HHF plus all-cause mortality,
and MI compared with sulfonylureas but not DPP-4 inhibitors
(Supplementary Tables 5 and 6).

DISCUSSION
This was a large observational study in which more than
40,000 drug pairs were analyzed from nationwide data in Korea. SGLT2 inhibitors as a second-line treatment were associated with lower rates of HHF (22% and 34% reduction) and
HHF plus all-cause mortality (21% and 35% reduction) compared with DPP-4 inhibitors or sulfonylureas. SGLT2 inhibitors were also associated with beneficial effects on all-cause
mortality, MI, stroke, and modified MACEs compared with
sulfonylureas only. The favorable effects of SGLT2 inhibitors
https://e-dmj.org
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on HHF were identified when compared 1:1 with each comparator (DPP-4 inhibitor and sulfonylurea) in the present
study. This result was supported by the natriuretic effect, a
unique action of SGLT2 inhibitors compared with other antidiabetic medications. The beneficial effects of the SGLT2 inhibitors on HHF plus all-cause mortality were from the results
obtained for reducing HHF. The preventive effects of SGLT2
inhibitors on HHF appear evident regardless of the comparator medication, type of SGLT2 inhibitor, or patient characteristics [11-13].
In cardiovascular outcome trials (CVOTs) of SGLT2 inhibitors, different results regarding cardiovascular death and allcause mortality were observed depending on SGLT2 inhibitors
[11-13]. The clinical benefit of reducing the risks of cardiovascular death and all-cause mortality was limited in the empagliflozin trial [11]. A recent meta-analysis of three CVOTs
showed that SGLT2 inhibitors reduced the risks of cardiovascular death and all-cause mortality specifically in subjects with
established ASCVD [14]. In large observational real-world
studies similar to the present study, SGLT2 inhibitors were associated with beneficial effects on all-cause mortality [17-20].
These observational studies were not direct comparisons with
specific drug classes and were conducted using a broader and
unselected population compared with the present study. In addition, differences in study populations may have existed. The
present study population may be at a lower risk of developing
cardiovascular events because they were young and might have
a relatively shorter duration of diabetes based on the requirement for a second agent while on metformin monotherapy. In
the present study, SGLT2 inhibitors were associated with a
509
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Fig. 1. Kaplan-Meier curves for cumulative incidence of cardiovascular outcomes. (A) Sodium glucose cotransporter 2 inhibitor
(SGLT2i) versus dipeptidyl peptidase-4 inhibitor (DPP-4i). (B) SGLT2i versus sulfonylurea (SU). HF, heart failure; MACE, major
adverse cardiovascular event; MI, myocardial infarction.
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A

B

C

D

Fig. 2. Subgroup analyses for hospitalization for heart failure (HHF) and HHF plus all-cause death. HHF (A) and HHF and allcause death (B) in comparison of sodium glucose cotransporter 2 inhibitor (SGLT2i) versus dipeptidyl peptidase-4 inhibitor (DPP4i) and HHF (C) and HHF and all-cause mortality (D) compared between SGLT2i and sulfonylurea (SU). Hazard ratios (HRs) and
95% confidence intervals (CIs) for occurrence of cardiovascular events are presented for SGLT2i vs. DPP-4i or SU. CVD, cardiovascular disease; HF, heart failure; CKD, chronic kidney disease; DN, diabetic nephropathy; ASA, acetyl-salicylic acid.
lower risk of all-cause mortality compared to sulfonylureas but
not DPP-4 inhibitors. The current study suggested that SGLT2
inhibitors were associated with reduced all-cause mortality
compared to sulfonylurea, even in groups at lower risk for cardiovascular events. In a previous study on a real-world population with fewer subjects with established ASCVD unlike the
abovementioned CVOTs, all-cause mortality between individual drug classes was not clarified [21]. Hypoglycemia and
weight gain are associated with sulfonylureas and are related to
increased mortality. In particular, severe hypoglycemia is
https://e-dmj.org
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strongly associated with higher mortality and cardiovascular
disease [22,23]. Moreover, the hemodynamic effects plus the
effects of less hypoglycemia and weight reduction by SGLT2
inhibitors may contribute to the low risk of all-cause mortality
compared to sulfonylureas [24]. Unfortunately, our study did
not explain the pathogenesis linking all-cause mortality and
SGLT2 inhibitors compared to sulfonylureas.
Compared with sulfonylureas (mainly glimepiride), SGLT2
inhibitors were associated with reduced risks of HHF and allcause mortality as well as other composite cardiovascular out511
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comes (MI, stroke, and modified MACEs). Some data directly
comparing the risks of cardiovascular events between sulfonylureas and other specific drug classes were reported. Sulfonylureas (chlorpropamide and glibenclamide) showed unfavorable effects on all-cause mortality compared with metformin
[25]. In the Cardiovascular Outcome Study of Linagliptin vs
Glimepiride in Type 2 Diabetes (CAROLINA) study, glimepiride compared with the DPP-4 inhibitor linagliptin was not inferior in terms of MACE occurrence [26].
In the present study, the subgroup analysis was performed using available health screening data. When comparing the SGLT2
inhibitor with the DPP-4 inhibitor or sulfonylurea, differences in
the occurrence of several cardiovascular composite outcomes
were not significant. This disparity may be explained by the
analysis including <50% of the whole population, and the subjects in this subgroup appeared to be relatively healthy, were at
lower risk, and could receive a health screening examination.
Cardiovascular outcomes and the safety of SGLT2 inhibitors
were confirmed in recent CVOTs [11-13]. In several largescale observational studies, the results of SGLT2 inhibitors
were generalized to a broad population of patients with diabetes and increased use regarding clinical applicability [17-20].
The present study complemented the findings of the above
studies and provided useful information when choosing a second agent for patients on metformin monotherapy. SGLT2 inhibitors as a second-line treatment were safe and beneficial
drugs for the development of most cardiovascular events
(HHF, all-cause mortality, and modified MACEs) compared
with sulfonylureas and were also safe and preventive drugs in
terms of HHF and HHF plus all-cause mortality compared
with DPP-4 inhibitors. Considering the progressive course of
T2DM [27], treatments requiring a larger number of oral hypoglycemic agents or more insulin serve as a marker for poor
glycemic control, diabetic complications, or a high risk for cardiovascular disease [28]. Our study population started treatment with dual combination therapy and may be a lower-risk
group for cardiovascular events. Therefore, beneficial effects
on cardiovascular composite outcomes of SGLT2 inhibitors
might be expected in the general population of patients with
diabetes based on the results of the present study and a previous study [18].
The present study had several limitations. First, due to the
observational research design, undetected and residual confounding by indication could have existed despite performing
propensity score matching. Second, the claim database used in
512

this study does not include information regarding the duration
of diabetes, laboratory findings, or health behavior. Adding a
second agent to a metformin monotherapy may have reduced
wide variations in the diabetes duration between comparison
groups. Health insurance data and available health screening
information were merged for subgroup analysis. Due to a decrease in the number of subjects analyzed and lack of incidence
rate, several composite outcomes did not show significant differences when comparing sulfonylureas. Third, individual
drugs within the same class may show different results, although the focus was on drug class effects and comparisons
among medication classes; glimepiride and dapagliflozin in
the SGLT2 inhibitor group and the sulfonylurea group mainly
contributed to exposure time. Lastly, longer time effects could
not be assessed because SGLT2 inhibitors were recently introduced in clinical practice.
In a direct 1:1 comparison cohort study of drug classes using
large real-world data, SGLT2 inhibitors were associated with
reduced risks of HHF and HHF plus all-cause mortality compared with DPP-4 inhibitors as a second agent. When added to
metformin, SGLT2 inhibitors were also associated with lower
risks of HHF and all-cause mortality as well as MI, stroke, and
modified MACEs compared to sulfonylureas. SGLT2 inhibitors could be a safe and beneficial medication compared with
DPP-4 inhibitors or sulfonylureas as evidenced by recently revised international practice guidelines.
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