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ABSTRACT
Aims/Introduction: To evaluate the benefit of sodium–glucose cotransporter 2
inhibitors (SGLT2i) versus dipeptidyl peptidase-4 inhibitors (DPP4i) in reducing
cardiovascular disease (CVD) events in patients with type 2 diabetes mellitus with and
without a CVD history.
Materials and Methods: This retrospective cohort study used Japanese hospital
administrative data from the Medical Data Vision database (January 2015 to April 2020).
Patients with type 2 diabetes mellitus (n = 625,739) who were new users of an SGLT2i
(n = 57,070; 9.1%) or DPP4i (n = 568,669; 90.9%) were included. Outcomes included
hospitalization for heart failure (hHF), all-cause death (ACD) and the composite of hHF or
ACD. Hazard ratios (HR) were calculated using the inverse probability weighting Cox
proportional hazards model to compare CVD event risks between treatment groups.
Results: Compared with DPP4i, SGLT2i was associated with a significant reduction in
hHF risk among patients without a CVD history (HR 0.507, 95% confidence interval 0.283–
0.907), but not in the full cohort or those with a CVD history. SGLT2i was associated with
a significant risk reduction of ACD (HR 0.592, 95% confidence interval 0.481–0.729) and
the composite of hHF or ACD (HR 0.712, 95% confidence interval 0.613–0.826), compared
with DPP4i in the full cohort; similar results were observed among patients with and
without a CVD history.
Conclusions: In this real-world study, SGLT2i versus DPP4i was associated with a
significant reduction in hHF, ACD and hHF or ACD events in patients with type 2
diabetes mellitus without a CVD history.

INTRODUCTION
Sodium–glucose cotransporter 2 inhibitors (SGLT2i) have been
shown to reduce cardiovascular disease (CVD) events and mor-
tality in patients with type 2 diabetes mellitus in several ran-
domized controlled trials (RCT) among patients with high

CVD risks1–6. In real-world observational studies, the preventive
effects of SGLT2i on various CVD events have also been shown
compared with other glucose-lowering drugs in patients with
and without pre-existing or prior CVD7–9. Furthermore, in a
population-based observational study in Korea of older patients
with type 2 diabetes mellitus, SGLT2i was significantly associ-
ated with a reduced risk of CVD events versus dipeptidyl
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peptidase-4 inhibitors (DPP4i) in those with a CVD history
and those aged <75 years, but not in those without a CVD his-
tory10. Conversely, in other observational studies, including an
analysis of Japanese patients, a significant reduction in the risk
of various cardiovascular events were observed with SGLT2i
versus DPP4i only in those without current or prior cardiovas-
cular and renal diseases11–13. Therefore, despite this emerging
evidence, the cardioprotective benefits of SGLT2i in type 2 dia-
betes mellitus patients with and without CVD remain
controversial.
In Japan, SGLT2i is currently only recommended for type 2

diabetes mellitus patients with heart failure (HF) or a high risk
of HF14, and treatment selection is dependent on the physi-
cian’s decision15; DPP4i is the most commonly prescribed anti-
diabetic drug16, although it has not shown cardioprotective
benefits in type 2 diabetes mellitus14. Therefore, further studies
examining the association between SGLT2i use and CVD
events, evaluated by a different methodology in real-world Japa-
nese type 2 diabetes mellitus patients, might provide better
insights into the role of SGLT2i in type 2 diabetes mellitus
treatment, which might then help physicians choose the appro-
priate drugs for their patients.
Using an inverse probability weighting (IPW) Cox propor-

tional hazards model, we analyzed a real-world Japanese
administrative database to evaluate the risk of various CVD
events in type 2 diabetes mellitus patients who were new users
of SGLT2i compared with DPP4i. We also compared the cardi-
oprotective effects of SGLT2i versus DPP4i among patients
with and without a CVD history.

MATERIALS AND METHODS
Data source
This was a retrospective cohort study using real-world data
from the Medical Data Vision Co., Ltd. (MDV) database in
Japan. The MDV database is an administrative database of
acute care hospitals in Japan that use the Diagnosis Procedure
Combination system.17 Health insurance claims data in this
database are de-identified and comprise patients’ characteristics
(e.g., age and sex) and disease information (e.g., diagnosis, med-
ication and procedure). As of March 2020, the MDV database
contained hospital claims of >30 million patients from 399
Diagnosis Procedure Combination hospitals. Institutional ethics
approval and informed consent were not required, because de-
identified data were used.

Study population
In Japan, DPP4i and SGLT2i were first approved for clinical
use in 2009 and 2014, respectively18,19. The present study, car-
ried out between 1 January 2015 and 30 April 2020
(Figure S1), included patients aged ≥20 years who were newly
prescribed an SGLT2i or a DPP4i on or after 1 January 2015
(see Table S1 for drug codes). As the nature of the MDV
database prevents us from directly identifying patients newly
prescribed these drugs, a ‘1-year washout period’ was set as a

surrogate to define ‘new users’. Patients were excluded from
this study if they had any of the following: prescription
records of an SGLT2i or a DPP4i, including in a fixed-dose
combination, during the pre-index period, defined as between
1 year and 1 day before the index date; simultaneous pre-
scription records of both SGLT2i and DPP4i, or a fixed-dose
combination containing both SGLT2i and DPP4i, at the index
date; diagnosis of type 1 diabetes (International Classification
of Diseases, 10th revision [ICD-10] code E10.x) on or before
the index date; diagnosis of gestational diabetes (ICD-10 code
O24.x) during the pre-index period or on the index date; or
a record of hospitalization for HF (hHF) on or within
60 days preceding the index date. hHF was defined as HF
(ICD-10 code I50) diagnosed by a doctor that required
hospitalization.

Outcome measures
The primary end-point was the first record of hHF after the
index date; the incidence rate (IR) of hHF was compared
between treatment groups in all type 2 diabetes mellitus
patients and in those stratified by CVD history (with and with-
out a CVD history). Secondary end-points were the first record
of all-cause death (ACD; defined as any death that occurred in
hospital), a composite of hHF or ACD, hospitalization for myo-
cardial infarction (MI; ICD-10 codes containing I21) and hospi-
talization for stroke (ICD-10 codes containing I60-I64) after the
index date. The IRs of these CVD events were compared
between treatment groups, in the full cohort, and in patients
with and without a CVD history. Patients were considered to
have a CVD history if they had one or more of the following
conditions and/or procedures: MI, HF, unstable angina, stroke,
atrial fibrillation and/or peripheral artery occlusion, percutane-
ous coronary intervention, or coronary artery bypass graft
(Table S2).

Statistical analysis
Patients’ baseline characteristics – including age, sex, body mass
index, Charlson Comorbidity Index, adapted Diabetes Compli-
cations Severity Index20, comorbidities and concomitant medi-
cations, from the data available on the index date or during the
pre-index period – were summarized by treatment group
(SGLT2i or DPP4i) and by treatment groups stratified by the
time of the hHF event from the index date (post-hoc stratifica-
tion: <30 and ≥30 days). Codes for variables used to calculate
the Charlson Comorbidity Index and adapted Diabetes Compli-
cations Severity Index are shown in Tables S3 and S4.
Weighted patient characteristics were calculated using IPW,
which was estimated using logistic regression. Standardized
mean difference was used to assess the degree of balance
between treatment groups; standardized mean difference >0.1
between treatment groups was generally considered as covariate
imbalance. Categorical variables are presented using frequencies
and percentages; continuous variables are presented using the
mean (standard deviation [SD]) and median (interquartile
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range; first quartile [Q1] and third quartile [Q3]). Missing data
were imputed where required; for missing body mass index
values, single imputation was applied by the mean in each stra-
tum created by sex, age category and treatment group. Treat-
ment persistence, defined as the time from index date to
treatment discontinuation, was summarized using mean (SD)
and median (Q1, Q3) and was estimated by having a grace
period of 60 days. Therefore, patients were considered to have
discontinued treatment when the period between the previous
prescription date plus days’ supply of the medication and the
current prescription was >60 days, or if the patient switched to
or added on the comparator drug. However, if this period was
≤60 days, patients were considered as continuing treatment.
For both the primary and secondary end-points, the crude IR
per 1,000 person-years for each CVD event of interest (hHF,
ACD, a composite of hHF or ACD, MI and stroke) was calcu-
lated by dividing the number of CVD events occurring after
the index date by the total duration from the index date to the
end of follow-up, defined as the date when any of the following
occurred: end of data period; first outcome event after the
index date; or treatment discontinuation. The hazard ratios
(HR) and 95% confidence intervals (CI) were calculated using
an IPW Cox model to compare the risk of CVD events
between treatment groups. Weighted Kaplan–Meier analyses
were carried out using the estimated IPW at baseline to assess
the time from treatment initiation to the occurrence of the
CVD events. Patients were censored if they switched from an
SGLT2i to a DPP4i or vice versa; analyses were carried out on

data before censoring. Sensitivity analyses for crude IR and HR
for hHF were carried out. A post-hoc subgroup analysis was
carried out for HR for CVD events using the patient’s age (<75
and ≥75 years). All analyses were performed for the full cohort
and the CVD subcohorts using SAS Studio 3.8 (Basic Edition;
SAS Institute, Cary, NC, USA).

RESULTS
Study population
The study included 625,739 patients with type 2 diabetes melli-
tus who met the eligibility criteria during the study period and
had no records after death (Figure 1). Of these, 57,070 patients
(9.1%) were newly treated with an SGLT2i, and 568,669
patients (90.9%) with a DPP4i. Among SGLT2i users, 23,015
patients (40.3%) had a CVD history, and 34,055 patients
(59.7%) did not. Among DPP4i users, 237,923 patients (41.8%)
had a CVD history, and 330,746 (58.2%) did not. After adjust-
ment using IPW, the full cohort comprised 623,705 patients:
53,772 new users of an SGLT2i (with a CVD history:
n = 21,651; without a CVD history: n = 33,159) and 569,933
new users of a DPP4i (with a CVD history: n = 238,574; with-
out a CVD history: n = 330,996).

Patient demographic and baseline clinical characteristics
Weighted patient demographic and baseline clinical characteris-
tics were generally similar between the SGLT2i and DPP4i
groups in the full cohort and in the CVD subcohorts (Table 1).
In the full cohort, the mean age of patients in the SGLT2i and

Patients with T2DM who were newly 
prescribed SGLT2i or DPP4i on or after 

January 1, 2015
n=1,021,354

Excluded: n=395,615
• Aged <20 years (n=743)
• Past use of SGLT2i and/or DPP4i (n=158,392)
• Both SGLT2i and DPP4i at index date (n=39,103)
• Type 1 diabetes diagnosis (n=6,875)
• Gestational diabetes diagnosis on or 1 year 

preceding the index date (n=412)
• Record of hHF on or 60 days preceding the index 

date (n=24,098)
• Available data records in MDV database <1 year 

(n=165,896)
• Record of death (n=96)

Without a CVD history
Unweighted: n=330,746

Weighted: n=330,996

With a CVD history
Unweighted: n=23,015

Weighted: n=21,651

SGLT2i
Unweighted: n=57,070

Weighted: n=53,772

Full cohort
Unweighted: n=625,739

Weighted: n=623,705

DPP4i
Unweighted: n=568,669

Weighted: n=569,933

Without a CVD history
Unweighted: n=34,055

Weighted: n=33,159

With a CVD history
Unweighted: n=237,923

Weighted: n=238,574

Figure 1 | Patient disposition. CVD, cardiovascular disease; DPP4i, dipeptidyl peptidase-4 inhibitor; hHF, hospitalization for heart failure; MDV, Medical
Data Vision; SGLT2i, sodium–glucose cotransporter 2 inhibitor; T2DM, type 2 diabetes mellitus.
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DPP4i groups was 69.4 years (SD 12.4 years) and 70.2 years
(SD 13.0 years), respectively; >60% of patients were men.
Hemoglobin A1c levels were higher in the SGLT2i group versus
the DPP4i group in the full cohort and in the CVD subcohorts.
However, hemoglobin A1c was not used to estimate IPW,
because patients’ baseline hemoglobin A1c records were limited.
The most common index SGLT2i and DPP4i drugs were
empagliflozin (32.3%) and sitagliptin (38.2%), respectively
(Table S5).

Treatment persistence
The mean time from the index date to discontinuation was
generally similar or slightly longer with SGLT2i-treated patients
versus DPP4i-treated patients in the full cohort and both CVD
subcohorts (Table S6).

Crude IR of CVD events of interest
In the full cohort, SGLT2i-treated patients had a lower crude
IR of hHF versus DPP4i-treated patients (SGLT2i: 10.97 per
1,000 person-years; DPP4i: 15.26 per 1,000 person-years;
Table 2). Similarly, the crude IR of hHF was numerically
lower in SGLT2i-treated patients than DPP4i-treated patients
among those without a CVD history (1.42 vs 5.18 per
1,000 person-years), but was similar among those with a
CVD history (26.21 vs 28.72 per 1,000 person-years). Fur-
thermore, the crude IR of ACD, the composite of hHF or
ACD and hospitalization for stroke were also lower in
SGLT2i-treated patients versus DPP4i-treated patients in the
full cohort and both CVD subcohorts. However, the crude
IR of hospitalization for MI was lower in SGLT2i-treated
patients versus DPP4i-treated patients only among patients
without a CVD history; similar crude IRs between treatment
groups were observed in the full cohort and both CVD
subcohorts.

Reduction in the risk of hHF
The IPW Cox model showed that there was a significant reduc-
tion in the risk of hHF in SGLT2i-treated patients versus
DPP4i-treated patients among patients without a CVD history
(HR 0.507, 95% CI 0.283–0.907), but not in the full cohort
(HR 0.936, 95% CI 0.765–1.146) or among patients with a
CVD history (HR 0.978, 95% CI 0.707–1.353; Figure 2). Con-
sistent results were observed in the three sensitivity analyses of
IPW HR for hHF in the full cohort and both CVD subcohorts
(Table S7).
In Kaplan–Meier analyses, the weighted cumulative rate of

hHF appeared higher in the SGLT2i-treated patients versus the
DPP4i-treated patients, up to approximately 60 days after treat-
ment initiation, for the full cohort and among patients with a
CVD history (Figure 3a,b; Tables S8 and S9). Among patients
without a CVD history, the weighted cumulative rate of hHF
tended to be lower in SGLT2i-treated patients than in DPP4i-
treated patients at almost all time points from 90 days after
treatment initiation (Figure 3c; Table S10).Ta
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For patients with a CVD history and a hHF event <30 days
from the index date, the presence of hypoglycemia was higher
in SGLT2i-treated patients (37.8%; 54/143) versus DPP4i-
treated patients (1.2%; 8/642; Table S11). Similarly, the mean
age of SGLT2i-treated patients with hypoglycemia was higher
than those treated with DPP4i (84.7 vs 78.6 years), and a
greater proportion of patients had an index year of 2015
(97.5% vs 24.1%). SGLT2i-treated patients also had a higher
prevalence of comorbid chronic kidney disease, nephropathy
and dyslipidemia and used multiple antidiabetic drugs, includ-
ing insulins, than DPP4i-treated patients. Conversely, hypogly-
cemia was present in just 3.2% of SGLT2i-treated patients with
a CVD history and a hHF event ≥30 days from the index date,
which was similar to DPP4i-treated patients (1.9%; Table S12).

Reduction in the risk of ACD
The risk of ACD was significantly reduced in SGLT2i-treated
patients versus DPP4i-treated patients in the full cohort (HR
0.592, 95% CI 0.481–0.729), both with (HR 0.573, 95% CI
0.437–0.752) and without (HR 0.640, 95% CI 0.457–0.897) a
CVD history (Figure 2). The weighted cumulative rate of ACD
was lower in SGLT2i-treated patients versus DPP4i-treated
patients at all time points after treatment initiation in the full
cohort and both CVD subcohorts (Figure 4, Tables S8–S10).

Reduction in the risk of the composite of hHF or ACD
A significant reduction in the risk of the composite of hHF or
ACD was observed in SGLT2i-treated patients versus DPP4i-
treated patients in the full cohort and both CVD subcohorts
(Figure 2). The weighted cumulative rate of the composite of
hHF or ACD was also lower in SGLT2i-treated patients versus
DPP4i-treated patients at almost all time points after treatment
initiation in the full cohort and both CVD subcohorts
(Figure 5; Tables S8–S10).

Reduction in the risk of hospitalization for MI or stroke
No significant reduction in the risk of hospitalization for MI or
stroke in SGLT2i-treated patients versus DPP4i-treated patients
was observed in the full cohort and both CVD subcohorts
(Figure 2). Cumulative rates of hospitalization for MI or stroke
were similar between both treatment groups at all time points
after treatment initiation in the full cohort and both CVD sub-
cohorts (Tables S8–S10).

Subgroup analysis
In the full cohort and among patients with a CVD history, the
risk of all CVD events, except for hospitalization for MI, was
significantly reduced with SGLT2i versus DPP4i in patients
aged <75 years, but not in those aged ≥75 years (Figure 6).
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Figure 2 | Forest plot of the risk of hospitalization for heart failure (hHF), all-cause death (ACD), a composite of hHF or ACD, hospitalization for
myocardial infarction (MI) and hospitalization for stroke, in the full cohort and in patients with and without a cardiovascular disease (CVD) history.
CI, confidence interval; DPP4i, dipeptidyl peptidase-4 inhibitor; HR, hazard ratio; SGLT2i, sodium–glucose cotransporter 2 inhibitor.
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Figure 3 | Kaplan–Meier curve of cumulative rate of hospitalization for heart failure (hHF) in (a) the full cohort, (b) patients with a cardiovascular
disease (CVD) history and (c) patients without a CVD history. The weighted cumulative hHF rate in sodium–glucose cotransporter 2 inhibitor
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Among patients without a CVD history, the risk of ACD and
the composite of hHF or ACD were significantly reduced with
SGLT2i versus DPP4i only in patients aged <75 years. How-
ever, the risk of hospitalization for MI or stroke was signifi-
cantly reduced with SGLT2i only in patients aged ≥75 years.

DISCUSSION
The present large retrospective cohort study based on hospital
administrative data investigated the risk of developing CVD
events in >600,000 patients with type 2 diabetes mellitus newly
treated with either an SGLT2i or a DPP4i, using IPW Cox
models. In this study, the risk of hHF, ACD and the composite
of hHF or ACD were significantly reduced with SGLT2i versus
DPP4i among patients without a CVD history. Compared with
DPP4i, SGLT2i was also associated with a significant reduction
in the risk of ACD and the composite of hHF or ACD, but
not hHF, in the full cohort and among those with a CVD his-
tory. These results suggest that early treatment with SGLT2i
might help prevent the development of hHF and ACD in
type 2 diabetes mellitus patients who have no CVD history.
Furthermore, these findings highlight the benefit of SGLT2i
and support the use of this drug class in Japanese patients with
type 2 diabetes mellitus.
To date, the beneficial effects of SGLT2i for the prevention

of hHF in type 2 diabetes mellitus are controversial. Four RCTs
have shown the benefits of SGLT2i in reducing the incidence
of hHF versus placebo in type 2 diabetes mellitus patients with
high CVD risk1–6; relatively similar percentage reductions in
hHF events were observed across these studies21. Similarly, two
observational studies (CVD-REAL, CVD-REAL 2) showed a
significantly lower risk of hHF in type 2 diabetes mellitus
patients treated with SGLT2i versus other glucose-lowering
drugs, regardless of patients’ pre-existing CVD7–9. In the pre-
sent study, SGLT2i significantly reduced the risk of hHF by
almost 50% in patients without a CVD history, which was con-
sistent with the results from a large multinational observational
study of SGLT2i use in type 2 diabetes mellitus patients with-
out cardiovascular and renal diseases12. These results also reflect
those from a recent observational study reporting that left ven-
tricular function was significantly improved in the empagliflozin
group versus the control group, particularly in early versus
advanced diabetes-related cardiomyopathy22. Furthermore, in
the present study, SGLT2i was associated with a significantly
reduced risk of hHF in type 2 diabetes mellitus patients aged
<75 years, but not in those aged ≥75 years, suggesting that the
beneficial effects of SGLT2i might be age-dependent in the
type 2 diabetes mellitus population10. Therefore, although the
effect of SGLT2i in preventing hHF is potentially affected by
other factors – including age, CVD severity, the presence of
micro- and macrovascular complications, and ethnicity – which
in addition to the stricter eligibility criteria of RCTs might also
explain the differences observed between the RCTs and obser-
vational studies, findings from the present study showed that

early treatment with SGLT2i might be beneficial in reducing
hHF risk in patients without a CVD history.
In the present study, the cumulative IR of hHF was higher

with SGLT2i than DPP4i in the early phases of treatment in
the full cohort and among patients with a CVD history. These
results could be partly explained by the fact that SGLT2i-
treated patients with a CVD history and a hHF event very soon
after treatment initiation had baseline characteristics indicative
of higher risks of hHF versus DPP4i-treated patients. Com-
pared with the DPP4i-treated patients, these SGLT2i-treated
patients were older and had a higher prevalence of hypoglyce-
mia, because they were treated with multiple antidiabetic drugs
with or without insulins. The prevalence of comorbidities,
including chronic kidney disease and nephropathy, was also
higher in these SGLT2i-treated patients than DPP4i-treated
patients, and almost all had started their treatment in 2015,
which was relatively soon after SGLT2i was first launched in
Japan. Furthermore, given that results from the Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes Melli-
tus Patients (EMPA-REG OUTCOME) study were published
in 20151, physicians at that time possibly would have preferred
to prescribe SGLT2i to patients with a higher severity of diabe-
tes and CVD. Nevertheless, a lower cumulative hHF event rate
was observed in the later phase, suggesting that long-term use
of SGLT2i might show greater benefits in reducing hHF risk
regardless of patients’ CVD history.
Similar to previous studies, SGLT2i initiation was associated

with a significant reduction in the risk of ACD, and the compos-
ite of hHF or ACD, compared with DPP4i initiation among
patients without a CVD history12,13,23. In the present study, the
cumulative rates of ACD and the composite of hHF or ACD
were also lower at all time points after treatment initiation. In
Japan, prescription of SGLT2i remains low compared with
DPP4i16,24. There is no specific treatment regimen for type 2 dia-
betes mellitus in the current Japanese diabetes treatment guide-
line, and drug selection is by the treating physician taking into
consideration the drugs’ pharmacological and safety profiles and
patients’ age and disease condition15. In fact, SGLT2i is recom-
mended over other antidiabetic drugs only in patients with ath-
erosclerotic CVD or high/very high CV risk in the European
guideline25, and in patients with HF or a high risk of HF in the
Japanese consensus statement14. Therefore, the results from this
current study highlighted that SGLT2i might also be recom-
mended for a broader patient population. Furthermore, SGLT2i
is a potential first-line treatment for type 2 diabetes mellitus in
Japan to prevent hHF, ACD and the composite of hHF or ACD,
even in patients without a CVD history.
In the present study, SGLT2i was not associated with a sig-

nificant reduction in the risk of hospitalization for MI or stroke
versus DPP4i in the full cohort and both CVD subcohorts.
These results were similar to those from previous observational
studies11,12. However, conflicting results were observed in the
subanalysis of the Comparative Effectiveness of Cardiovascular
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Figure 4 | Kaplan–Meier curve of cumulative rate of all-cause death (ACD) in (a) the full cohort, (b) patients with a cardiovascular disease (CVD)
history, and (c) patients without a CVD history. The weighted cumulative rate of ACD was lower in sodium–glucose cotransporter 2 (SGLT2i)-
treated patients compared with dipeptidyl peptidase-4 inhibitor (DPP4i)-treated patients at all time points after initiation of the respective drugs in
the full cohort and both CVD subcohorts.

1184 J Diabetes Investig Vol. 13 No. 7 July 2022 ª 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

O R I G I N A L A R T I C L E

Kashiwagi et al. http://wileyonlinelibrary.com/journal/jdi



DPP4i
SGLT2i

0 1 2 3
Time from start of index treatment (years)

0

2

4

6

8

10

12

14

16

18

20

C
um

ul
at

iv
e 

hH
F 

or
 A

C
D

 ra
te

 (%
)

DPP4i
SGLT2i

0 1 2 3
Time from start of index treatment (years)

C
um

ul
at

iv
e 

hH
F 

or
 A

C
D

 ra
te

 (%
)

0

2

4

6

8

10

12

14

16

18

20

DPP4i
SGLT2i

0 1 2 3

569,933 96,732 50,450 25,667
53,772 9,579 4,752 2,241

238,574 41,345 22,008 11,243
21,651 4,291 2,160 997

330,996 55,273 28,373 14,390
33,159 5,210 2,580 1,251

Time from start of index treatment (years)

C
um

ul
at

iv
e 

hH
F 

or
 A

C
D

 ra
te

 (%
)

0

2

4

6

8

10

12

14

16

18

20

DPP4i
SGLT2i

DPP4i
SGLT2i

DPP4i
SGLT2i

(a)

(b)

(c)

Figure 5 | Kaplan–Meier curve of cumulative rate of the composite of hospitalization for heart failure (hHF) or all-cause death (ACD) in (a) the full
cohort, (b) patients with a cardiovascular disease (CVD) history and (c) patients without a CVD history. The weighted cumulative rate of the
composite of hHF or ACD was lower in sodium–glucose cotransporter 2 inhibitor (SGLT2i)-treated patients compared with dipeptidyl peptidase-4
inhibitor (DPP4i)-treated patients at almost all time points after initiation of the respective drugs in the full cohort and both CVD subcohorts.
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Outcomes in New Users of Sodium–Glucose Cotransporter-2
Inhibitors (CVD-REAL 2) study, which showed that SGLT2i
significantly reduced the risks of MI and stroke versus DPP4i23.
Furthermore, a Korean retrospective cohort study of older
type 2 diabetes mellitus patients, and a recent Japanese cohort
study of type 2 diabetes mellitus patients without established
CVD and renal diseases showed that SGLT2i was associated
with a significantly reduced risk of stroke, but not MI, versus
DPP4i10,13. In the present study, the risk of hospitalization for
stroke was significantly reduced in patients aged <75 years trea-
ted with SGLT2i versus DPP4i, in the full cohort and among
patients with a CVD history, but hospitalization for both MI or
stroke was significantly reduced with SGLT2i versus DPP4i in
patients aged ≥75 years without a CVD history. Therefore, the
benefits of SGLT2i on these CVD events might also be affected
by patient characteristics, including age and comorbidities.
The strengths of the present study included the statistical

methods; IPW was used to estimate treatment effect in patients
with type 2 diabetes mellitus from the MDV database, and the
treatment effects of SGLT2i and DPP4i were compared using the
real-world characteristics of patients newly treated with either
SGLT2i or DPP4i. This study included 57,070 and 568,669 new
users of SGLT2i and DPP4i, respectively. Patients’ mean ages
were higher than those in previous studies12,13,23, which appears
to better reflect the true age of the Japanese type 2 diabetes melli-
tus population. Therefore, the IPW approach might have given
more generalizability of the study results than previous studies
that generally used propensity score matching. Additionally, pre-
vious studies should have addressed the ‘immortal time bias’26; in
the present study, because the new-user design was selected, we
were not required to address this bias.
The limitations of the present study included the administra-

tive database. We were unable to account for any unknown
confounding factors that potentially guided therapy selection
and outcomes. As important clinical and disease information,
including the severity of patients’ underlying CVD history, was
not available from the MDV database, this study was also
unable to evaluate how CVD severity might have impacted out-
comes. The database also does not track patients if they change
hospitals; therefore, patients might have been counted and
recorded multiple times. Furthermore, deaths that occurred out-
side of hospitals were not recorded. Nevertheless, as most
deaths in Japan occur in hospitals27, the impact of this limita-
tion is assumed to be small.
In conclusion, the present study further confirmed that

SGLT2i is associated with a significant reduction in CVD
events in a broader type 2 diabetes mellitus population in
Japan, particularly in those without a history of CVD. Findings
suggest that early initiation of SGLT2i might provide cardiopro-
tective effects in patients without a CVD history. Collectively,
SGLT2i should not be excluded as a first-line treatment option
for improved and integrated management of both type 2 diabe-
tes mellitus control and CVD prevention, especially hHF and
ACD, in patients with type 2 diabetes mellitus.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Figure S1 | Study design. The pre-index period, defined as the period between 1 year and 1 day before the index date, and the
index date were used to confirm that an sodium–glucose cotransporter 2 inhibitor (SGLT2i) or a dipeptidyl peptidase-4 inhibitor
(DPP4i) was not previously prescribed and to establish patients’ baseline characteristics.
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Table S1 | Treatment category: sodium–glucose cotransporter 2 or dipeptidyl peptidase-4 inhibitor codes.

Table S2 | Cardiovascular disease history: variables and codes.

Table S3 | Charlson Comorbidity Index diagnostic codes.

Table S4 | Adapted Diabetes Complications Severity Index codes†.

Table S5 | Unweighted index treatment.

Table S6 | Treatment persistence.

Table S7 | Sensitivity analysis: hospitalization for heart failure inverse probability weighting hazard ratios.

Table S8 | Weighted Kaplan–Meier estimate of cumulative rates of cardiovascular disease events of interest over time in the full
cohort.

Table S9 | Weighted Kaplan–Meier estimate of cumulative rates of cardiovascular disease events of interest over time in patients
with a cardiovascular disease history.

Table S10 | Weighted Kaplan–Meier estimate of cumulative rates of cardiovascular disease events of interest over time in patients
without a cardiovascular disease history.

Table S11 | Weighted patient demographics and baseline clinical characteristics in patients with a cardiovascular disease history
who had a hospitalization for heart failure event <30 days from treatment initiation.

Table S12 | Weighted patient demographics and baseline clinical characteristics in patients with a cardiovascular disease history
who had a hospitalization for heart failure event ≥30 days from treatment initiation.
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