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ABSTRACT
Aims/Introduction: Sodium–glucose cotransporter 2 inhibitors (SGLT2i) have shown
beneficial effects on cardiometabolic risk factors (hemoglobin A1c, body mass index,
systolic blood pressure) in patients with type 2 diabetes mellitus. We compared combined
cardiometabolic effects of SGLT2i on hemoglobin A1c, body mass index and systolic
blood pressure versus dipeptidyl peptidase-4 inhibitors (DPP4i) in Japanese patients with
type 2 diabetes mellitus.
Materials and Methods: This Japanese retrospective cohort study used the JMDC
claims database. Patients newly treated with an SGLT2i (n = 18,936) or DPP4i (n = 55,484)
were enrolled (January 2015–March 2020) and matched 1:1 using the propensity score.
The primary end-point was the proportion of patients achieving a composite outcome
(i.e., simultaneous absolute/percent reduction in hemoglobin A1c ≥0.5%, body mass index
≥3% and systolic blood pressure ≥2 mmHg) 1 year after first SGLT2i or DPP4i prescription;
Mantel–Haenszel common risk difference and its 95% confidence interval were estimated.
Other end-points included treatment persistence, with the associated hazard ratio
calculated using the Cox proportional hazards model.
Results: After matching, patient characteristics were balanced (7,302 patients each).
The proportion of patients achieving the composite outcome was significantly greater in
patients receiving an SGLT2i than those receiving a DPP4i (31.0% [1,279/4,120] vs 12.9%
[524/4,070], risk difference 18.6%, 95% confidence interval 16.3, 20.9, P < 0.001). Risk of
treatment discontinuation was significantly lower in the SGLT2i group than in the DPP4i
group (hazard ratio 0.85, 95% confidence interval 0.81, 0.90, P < 0.001).
Conclusions: In the present study, SGLT2i showed favorable cardiometabolic risk
reduction and longer treatment persistence than DPP4i in Japanese patients with type 2
diabetes mellitus.
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INTRODUCTION
Type 2 diabetes mellitus is associated with an increased risk of
cardiovascular disease (CVD), which is the leading cause of
death in patients with type 2 diabetes mellitus1–4. Given the
close association between type 2 diabetes mellitus and CVD,
the importance of a comprehensive treatment approach to
address multiple cardiovascular risk reductions, including
hypertension and dyslipidemia, has been highlighted5. Current
Japanese treatment guidelines and the joint consensus statement
from the Japanese Circulation Society and Japan Diabetes Soci-
ety recommend intensive lifestyle and pharmacological inter-
ventions to improve glycemic control and reduce cardiovascular
risks6,7. Therefore, antidiabetic drugs with cardiovascular bene-
fits have been intensively studied and used in clinical practice
for type 2 diabetes mellitus treatment.
Sodium–glucose cotransporter 2 inhibitors (SGLT2i), which

were approved in Europe in 20128, the USA in 20139 and
Japan in 201410, have shown various cardiometabolic effects,
including significant reductions in hemoglobin A1c (HbA1c),
bodyweight, blood pressure and lipid levels, in patients with
type 2 diabetes mellitus11,12. Long-term durability of improved
glycemic control, and reductions in bodyweight and systolic
blood pressure (SBP) have also been reported as major charac-
teristics of SGLT2i compared with dipeptidyl peptidase-4 inhi-
bitors (DPP4i) and other glucose-lowering drugs, suggesting
their efficacy in preventing chronic diabetic vascular complica-
tions13,14. Furthermore, a recent Italian study reported that
patients initiating dapagliflozin, an SGLT2i, had a greater prob-
ability of attaining simultaneous reduction in HbA1c, body-
weight and SBP than those initiating a DPP4i15. However, data
on cardiometabolic effects of SGLT2i in real-world clinical set-
tings in Japan are limited and are of great interest. Given that
improved persistence of antidiabetic drugs leads to better glyce-
mic control16, assessment of patients’ persistence to SGLT2i
treatment in real-world clinical practice is important.
We compared the effects of SGLT2i versus DPP4i on simul-

taneously improving HbA1c, body mass index (BMI) and SBP
in Japanese patients with type 2 diabetes mellitus. Furthermore,
we compared treatment persistence and change from baseline
in cardiometabolic risk factors between new users of an SGLT2i
and new users of a DPP4i.

MATERIALS AND METHODS
Data source
The present retrospective cohort study used the JMDC claims
database (JMDC Inc., Tokyo, Japan), consisting of inpatients,
outpatients and dispensing claims, and medical examination
data of ~14 million cumulative individuals from health insur-
ance associations (as of February 2022). The study was carried
out in accordance with the protocol, ethical principles of the
Declaration of Helsinki, and all relevant regulations and guideli-
nes governing clinical study conduct. The protocol was
approved by Medical Affairs Protocol Approval Committee

(protocol number: 1941-MA-3372). No institutional ethics
review nor informed consent were required, because retrospec-
tive de-identified data were used.

Study population
Eligible patients were aged ≥18 years, had one or more pre-
scription record for an SGLT2i or a DPP4i in the enrollment
period (1 January 2015–31 March 2020; Figure S1; index treat-
ment codes were reported previously17) and had a diagnosis of
type 2 diabetes mellitus (International Classification of Diseases,
10th Revision [ICD-10]: E11.x) or unspecified diabetes mellitus
(ICD-10: E14x). Patients excluded had type 1 diabetes mellitus
(ICD-10: E10.x) diagnosis on or before the index date (date of
first recorded receipt of an SGLT2i or a DPP4i on or after Jan-
uary 1, 2015); gestational diabetes (ICD-10: O24.x) diagnosis in
the pre-index period (time between 1 year and 1 day before
the index date) or on the index date; prescription records for
an SGLT2i and/or a DPP4i, including those in a fixed-dose
combination of SGLT2i and DPP4i, during the pre-index per-
iod or on the index date; or <1 year of record in the database
on or before the index date.

Outcome measures
The primary end-point was the proportion of patients achiev-
ing a composite outcome (i.e., simultaneous achievement of the
improvement criterion for HbA1c, BMI and SBP). Improve-
ment criterion for each outcome was absolute reduction in
HbA1c ≥0.5%, percent reduction in BMI ≥3% and absolute
reduction in SBP ≥2 mmHg, relative to baseline values; criteria
were based on previous studies and guidelines15,18–22. Secondary
end-points were treatment persistence from index date, assessed
by estimating time to discontinuation of the index treatment
and time to switch or add-on of the comparator drug or a new
antidiabetic drug; change from baseline in each cardiometabolic
outcome (HbA1c, BMI, SBP, total cholesterol, triglyceride, low-
density lipoprotein cholesterol and high-density lipoprotein
cholesterol [HDL-C]); and the proportion of patients achieving
the improvement criterion for each outcome (HbA1c, BMI and
SBP). Baseline cardiometabolic data were extracted within
180 days before the index date. Post-index data, which could
be extracted at different times for each outcome, were those
extracted closest to 1 year (365 days), and between days 180
and 540 after the index date; if multiple measurements were
available, a single measurement closest to 1 year after the index
date was used. The primary and secondary end-points were
compared between treatment groups in the crude and matched
populations, and by subgroup (HbA1c [<7.5%, ≥7.5%], BMI
[<25 kg/m2, ≥25 kg/m2], SBP [<130 mmHg, ≥130 mmHg],
presence of previous treatment [treatment na€ıve, non-treatment
na€ıve], duration of consecutive index treatment [<1 year,
≥1 year]). Furthermore, outcomes except for treatment persis-
tence were analyzed using the “while-on treatment strategy”
and/or “treatment policy strategy”. The “while-on treatment
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strategy” was defined as an approach where data from patients
who discontinued treatment, switched or added on a compara-
tor drug before having post-index data available were excluded.
The “treatment policy strategy” was defined as an approach
where data from all patients, including those who discontinued
treatment, switched or added on a comparator drug before hav-
ing post-index data available, were included.

Statistical analysis
All eligible patients were included. Patients newly treated with
an SGLT2i or a DPP4i were matched 1:1 using the propensity
score, estimated by multivariable logistic regression model.
Missing values were not imputed before propensity score calcu-
lation. The propensity score was assessed using standardized
mean difference, with standardized mean difference of >0.1
between treatment groups showing covariate imbalance. Base-
line characteristics, including age, comorbidities, Charlson
Comorbidity Index (CCI)23 and adapted Diabetes Complication
Severity Index (aDCSI) scores24, and concomitant medications,
collected during the pre-index period and on the index date,
were summarized using descriptive statistics. Codes for CCI
have been previously reported17, and codes for aDCSI and
other relevant codes are shown in Tables S1–S4. Covariates in
the logistic regression model were demographics (sex, age),
smoking history, metabolic measurements (HbA1c, BMI, SBP)
in the baseline period, CCI, aDCSI, coronary revascularization
and relevant medication use in the baseline period.
The primary outcome was analyzed among matched patients

(“while-on treatment strategy”) as the primary analysis, and
among matched patients (“treatment policy strategy”) and
crude population (both strategies) as supplementary analyses.
Patients with missing pre-index and/or post-index data were
excluded from analysis. Mantel–Haenszel common risk differ-
ence and 95% confidence interval (CI) were estimated, and the
Cochran–Mantel–Haenszel test was used for between-group
comparison; P < 0.05 was considered statistically significant.
Time to treatment discontinuation and time to treatment
switch or add-on were estimated using Kaplan–Meier analyses.
Cox proportional hazard models and log-rank tests were car-
ried out for between-group comparison; P < 0.05 was consid-
ered statistically significant. Patients were considered as having
discontinued the index treatment or switched or added on a
treatment if the time between the previous prescription date
plus days’ supply of the drug and the current prescription date
was >60 days, or if the patient switched and/or added on a
comparator drug or another antidiabetic drug. For time to
treatment discontinuation, patients who continued the index
treatment were censored at the end of patient data or study
period, whichever occurred first. For time to treatment switch
or add-on, patients were censored at the end of patient data, or
study period, or at discontinuation of index treatment, which-
ever occurred first. Changes from baseline in cardiometabolic
outcomes were also compared using t-tests in the matched
and/or crude populations (“while-on treatment strategy”).

Statistical analyses were carried out using SAS Release 9.4 (SAS
Institute Inc., Cary, NC, USA).

RESULTS
Study population
Of 74,420 eligible patients, 18,936 were newly treated with an
SGLT2i (alone or in combination with anti-diabetic drugs other
than a DPP4i) and 55,484 were newly treated with a DPP4i
(alone or in combination with antidiabetic drugs other than an
SGLT2i), constituting the crude population (Figure 1). After
matching, the SGLT2i and DPP4i groups included 7,302
patients each.

Demographic and baseline clinical characteristics
Before matching, new users of an SGLT2i were younger and
had lower HbA1c and HDL-C, but higher BMI, compared with
new users of a DPP4i (Table 1). Overall, CCI and aDCSI scores
were similar between treatment groups. However, a greater pro-
portion of SGLT2i-treated patients had comorbid hypertension,
nephropathy and dyslipidemia than DPP4i-treated patients.
Some concomitant drugs, including biguanides and glucagon-
like peptide-1 receptor agonists, were prescribed more fre-
quently in the SGLT2i group than in the DPP4i group. After
matching, baseline characteristics were well balanced between
groups, with standardized mean difference of ≤0.1 (Table 1). In
the matched cohorts, ~80% patients were male; mean age was
51 years, mean HbA1c was 7.75%, mean SBP was
~133 mmHg, and mean BMI was 29.36 kg/m2 (SGLT2i group)
and 29.50 kg/m2 (DPP4i group).

Achievement of improvement criteria for HbA1c, BMI and SBP
Among matched patients (“while-on treatment strategy”), a sig-
nificantly greater proportion of new users of an SGLT2i
achieved a composite outcome 1 year after the index date com-
pared with new users of a DPP4i (31.0% vs 12.9%, risk differ-
ence 18.6%, 95% CI 16.3, 20.9, P < 0.001; Table 2). The
proportion of patients achieving the improvement criterion for
each outcome was also significantly greater in the SGLT2i
group compared with the DPP4i group. Similar results were
observed among matched patients (“treatment policy strategy”;
Table 2). In the crude population (both strategies), the propor-
tion achieving the HbA1c improvement criterion was greater in
the DPP4i group than in the SGLT2i group (Table S5).

Treatment persistence
Among matched patients, the SGLT2i group was significantly
less likely to discontinue index treatment compared with the
DPP4i group (hazard ratio 0.85, 95% CI 0.81, 0.90, P < 0.001;
Figure 2a). The SGLT2i group was also significantly less likely
to switch or add on a treatment (hazard ratio 0.80, 95% CI
0.75, 0.86, P < 0.001; Figure 2b). Among the crude population,
treatment discontinuation was also less likely in the SGLT2i
group versus the DPP4i group; however, the probability of
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switching or adding on a treatment was similar between groups
(Figure S2).

Change from baseline in cardiometabolic outcomes
Among matched patients (“while-on treatment strategy”), com-
pared with the DPP4i group, the SGLT2i group had a signifi-
cantly greater reduction from baseline in each individual
outcome (HbA1c, BMI and SBP), and a significantly greater
increase from baseline in HDL-C, 1 year after the index date
(Table 3). Conversely, a reduction from baseline in total choles-
terol was significantly greater in the DPP4i group than in the
SGLT2i group. No significant difference was observed between
treatment groups for the remaining outcomes (Table 3).
Among the crude population, reductions from baseline in BMI
and SBP, and an increase in HDL-C, were significantly greater
in the SGLT2i group than in the DPP4i group (Table S6);
reduction in low-density lipoprotein cholesterol was signifi-
cantly greater in the DPP4i group than in the SGLT2i group.

Subgroup analyses
Achievement of improvement criteria for HbA1c, BMI and SBP
Among matched patients (both strategies), the proportion of
patients achieving a composite outcome 1 year after the index
date was significantly greater in the SGLT2i group than in the
DPP4i group for all subgroups, except for the subgroup who
had continued index treatment for <1 year (“treatment policy
strategy”; Table 4). The proportion of matched patients
(“while-on treatment strategy”) achieving the improvement

criterion for HbA1c 1 year after the index date was significantly
greater in SGLT2i-treated patients than in DPP4i-treated
patients for all subgroups, except for the subgroups with base-
line HbA1c <7.5%, BMI <25 kg/m2, SBP <130 mmHg and
non–treatment-na€ıve patients (Table S7). For all subgroups, a
significantly greater proportion of SGLT2i-treated patients
achieved the improvement criterion for BMI and SBP than
DPP4i-treated patients.

Change from baseline in cardiometabolic outcomes
Changes in cardiometabolic outcomes were analyzed among
matched patients (“while-on treatment strategy”). In both
HbA1c subgroups, SGLT2i-treated patients had significantly
greater changes from baseline in BMI, SBP and HDL-C com-
pared with DPP4i-treated patients (Table S8). A significantly
greater reduction in HbA1c was observed in SGLT2i-treated
patients compared with DPP4i-treated patients, but only in the
baseline HbA1c ≥7.5% subgroup.
In both BMI subgroups, significantly greater changes from

baseline in HbA1c, BMI, SBP and HDL-C were observed
in SGLT2i-treated patients than in DPP4i-treated patients
(Table S9).
In the baseline SBP <130 mmHg subgroup, significantly

greater changes in BMI and HDL-C only were observed
for SGLT2i-treated patients versus DPP4i-treated patients
(Table S10). In the baseline SBP ≥130 mmHg subgroup, signifi-
cantly greater changes in HbA1c, BMI, SBP and HDL-C were
observed in SGLT2i-treated patients (Table S10).

Patients with T2DM (ICD-10: E11.x) on or before the index date
and had ≥1 prescription record for either an SGLT2i or a DPP4i

between January 1, 2015 and March 31, 2020
n = 232,852

Excluded†:
• Aged <18 years at index date (n = 137)
• T1DM (ICD-10: E10.x) diagnosis (n = 2,180)
• Gestational diabetes (ICD-10: O24x) diagnosis (n = 157) 
• Use of SGLT2i and/or DPP4i during the pre-index period
  (n = 36,209)
• Use of SGLT2i and/or DPP4i at index date (n = 16,916)
• Available data <1 year on or before the index date
  (n = 122,027)

Crude patient cohort
n = 74,420

SGLT2i
n = 18,936

DPP4i
n = 55,484

SGLT2i
n = 7,302

DPP4i
n = 7,302

Not matched
n = 11,634

Not matched
n = 48,182

Figure 1 | Patient disposition. †Not mutually exclusive. DPP4i, dipeptidyl peptidase-4 inhibitors; ICD-10, International Classification of Diseases,
10th Revision; SGLT2i, sodium–glucose cotransporter 2 inhibitors; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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Among treatment-na€ıve patients, changes from baseline in
HbA1c, BMI, SBP and HDL-C were significantly greater for
SGLT2i-treated patients than for DPP4i-treated patients, and
for non–treatment-na€ıve patients, those treated with an SGLT2i
had significantly greater changes from baseline in HbA1c, BMI
and HDL-C (Table S11).
Among patients who received index treatment for <1 year or

≥1 year, SGLT2i-treated patients had significantly greater
changes from baseline in HbA1c, BMI, SBP and HDL-C com-
pared with DPP4i-treated patients (Table S12).

DISCUSSION
To our knowledge, this is the first retrospective cohort study
using a large administrative database to report the car-
diometabolic effects of SGLT2i versus DPP4i in patients with
type 2 diabetes mellitus in clinical practice in Japan. In the pre-
sent study, a significantly greater proportion of new users of an
SGLT2i achieved simultaneous improvement in HbA1c, BMI
and SBP 1 year after the index date than new users of a DPP4i.
A significantly greater change from baseline was observed for
most cardiometabolic outcomes in new users of an SGLT2i
than in new users of a DPP4i. Furthermore, SGLT2i was asso-
ciated with a higher rate of treatment continuation and longer
treatment persistence than DPP4i. These results suggest that
SGLT2i treatment can provide better management of car-
diometabolic risks compared with DPP4i in Japanese patients
with type 2 diabetes mellitus.
Improvements in blood pressure, excessive bodyweight and

lipid abnormalities are important for type 2 diabetes mellitus
management to prevent and manage diabetes-related complica-
tions, including CVD5,6. Two previous Japanese studies
reported no significant differences in improvements in glycemic
and coronary risk factors between SGLT2i and DPP4i treat-
ments25,26. However, a recent Italian multicenter, retrospective,
real-world study reported that the proportion of patients
achieving simultaneous reduction of HbA1c ≥0.5%, bodyweight
≥2 kg and SBP ≥2 mmHg was greater in patients newly start-
ing dapagliflozin than those newly starting a DPP4i (17.6% vs
11.7%, relative risk 1.50, 95% CI 1.21, 1.86, P < 0.001)15. Fur-
thermore, in the present study, a greater proportion of new
users of an SGLT2i achieved simultaneous reduction of HbA1c
≥0.5%, BMI ≥3% and SBP ≥2 mmHg than new users of a
DPP4i, with similar results observed for most subgroups.
Therefore, SGLT2i treatment might enable comprehensive and
simultaneous management of cardiometabolic risks and prevent
diabetes-related complications in Japanese patients with type 2
diabetes mellitus. Given that the current type 2 diabetes melli-
tus treatment guideline recommends to also focus on managing
CVD risk factors, these results support the clinical significance
of using SGLT2i. In fact, in a previous study17, SGLT2i were
associated with a significant reduction in CVD events in
Japanese patients with type 2 diabetes mellitus, including
those without a CVD history. Therefore, SGLT2i might showTa
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cardioprotective effects in patients without CVD when initiated
early and should not be excluded as a first-line treatment option
for type 2 diabetes mellitus.
In the present study, improvements in HbA1c, BMI, SBP

and HDL-C were significantly greater in new users of an
SGLT2i than new users of a DPP4i. A prospective, open-label,
randomized study of Japanese patients with type 2 diabetes
mellitus showed that improvements in BMI and HDL-C were
significantly greater in patients receiving dapagliflozin than in
those receiving sitagliptin (P < 0.001); there was no significant
difference between treatment groups for HbA1c and SBP27.
Similarly, in another prospective, open-label, randomized study
of Japanese patients with type 2 diabetes mellitus, compared
with patients treated with sitagliptin, those treated with ipragli-
flozin had significant improvements in bodyweight (P <
0.0001) and HDL-C (P = 0.0033), but not in HbA1c and
SBP26. These conflicting results might be explained by higher
baseline HbA1c levels in the present study compared with pre-
vious studies. Additionally, higher mean BMIs (~29 kg/m2) in
new users of SGLT2i and DPP4i in the present study might
also have contributed. Subgroup analysis of the present study
showed a significant improvement in HbA1c in new users of
an SGLT2i versus a DPP4i among patients with baseline
HbA1c ≥7.5% or BMI ≥25 kg/m2, but not among those with
baseline HbA1c <7.5% or BMI <25 kg/m2. These findings sug-
gest that patient baseline characteristics might contribute to
the effectiveness of SGLT2i on individual metabolic outcomes;
in particular, the effects of SGLT2i on HbA1c might be com-
parable with DPP4i in specific patient groups.

Better persistence can improve glycemic control and lower
overall health care costs16,28,29. In the consensus statement
recently released by the Japan Diabetes Society, treatment per-
sistence and adherence were included as factors to consider
when choosing treatment30. The present study showed that
new users of an SGLT2i were less likely to discontinue treat-
ment, had a longer time to treatment discontinuation and had
a longer time to switch or add on a treatment than new users
of a DPP4i. However, a previous Japanese real-world database
study of patients with type 2 diabetes mellitus reported that
DPP4i has the highest 12-month treatment persistence rate
among all antidiabetic drugs in untreated and previously treated
patients; the median time to discontinuation was also longer in
patients treated with a DPP4i compared with those treated with
an SGLT2i31. Immediately after the first SGLT2i approval in
Japan in 2014, a special report on proper use of SGLT2i was
released by the Japanese diabetes experts32. Recommendations
included an immediate discontinuation of SGLT2i in patients
who develop skin complications, which was based on reports
that the incidence of skin complications is high in patients trea-
ted with SGLT2i33. Therefore, physicians might have been
extremely cautious about adverse events when SGLT2i first
became available, potentially leading to the shorter time to dis-
continuation of SGLT2i treatment. The benefits of SGLT2i
treatment became clearer after 2015, when findings from major
clinical trials, including the Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients trial34, were published,
which might have then led to a reduction in discontinuation of
SGLT2i treatment. Furthermore, in Japan, prescriptions for all

Table 2 | Proportion of patients who achieved a composite outcome (HbA1c, BMI and SBP) 1 year after the index date (matched patients)†,‡

Achieved, % (n/n) SGLT2i (N = 7,302) DPP4i (N = 7,302) RD (95% CI) P-value

While-on treatment strategy§

Composite outcome¶ 31.0 (1,279/4,120) 12.9 (524/4,070) 18.6 (16.3, 20.9) <0.001
HbA1c 78.3 (3,227/4,122) 74.7 (3,045/4,075) 4.7 (2.3, 7.2) <0.001
BMI 54.5 (2,280/4,184) 21.9 (903/4,122) 32.4 (29.8, 35.0) <0.001
SBP 59.0 (2,469/4,184) 51.0 (2,102/4,122) 8.6 (5.8, 11.4) <0.001

Treatment policy strategy††

Composite outcome¶ 27.4 (1,683/6,144) 14.8 (902/6,087) 12.5 (10.9, 14.0) <0.001
HbA1c 75.2 (4,620/6,147) 72.6 (4,427/6,094) 2.4 (0.7, 4.1) 0.0048
BMI 49.1 (3,067/6,243) 27.4 (1,691/6,178) 21.4 (19.6, 23.2) <0.001
SBP 57.1 (3,567/6,244) 51.4 (3,176/6,178) 6.0 (4.1, 7.8) <0.001

†Patients with missing pre-index and/or post-index data were excluded from the analysis. Post-index data were those extracted closest to 1 year
(365 days), and between days 180 and 540 after the index date; data for each outcome could be extracted at different times, and if multiple mea-
surements were available, a single measurement closest to 1 year after the index date was used. ‡Improvement criterion for each outcome was
absolute reduction in HbA1c of ≥0.5%, SBP of ≥2 mmHg and percent reduction in BMI of ≥3%, relative from the baseline values. §“While-on treat-
ment strategy” was defined as an approach where data from patients who discontinued treatment, switched or added on a comparator drug
before having post-index data available were excluded. ¶Patients who achieved the composite outcome were those who simultaneously achieved
the improvement criteria for all outcomes (HbA1c, BMI and SBP). ††“Treatment policy strategy” was defined as an approach where data from all
patients, including those who discontinued treatment, switched or added on a comparator drug before having post-index data available, were
included. BMI, body mass index; CI, confidence interval; DPP4i, dipeptidyl peptidase-4 inhibitors; HbA1c, hemoglobin A1c; RD, risk difference; SBP,
systolic blood pressure; SGLT2i, sodium–glucose cotransporter 2 inhibitors.
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Figure 2 | Kaplan–Meier curves for (a) time to treatment discontinuation of index treatment and (b) time to switch or add-on of comparator drug
or new antidiabetic drug (matched patients). For analysis of time to treatment discontinuation, patients who continued index treatment until the
end of patient data or the study period (whichever occurred first) were censored. For analysis of time to treatment switch or add-on, patients who
discontinued index treatment, or continued index treatment until the end of patient data or the study period (whichever occurred first) were cen-
sored. CI, confidence interval; DPP4i, dipeptidyl peptidase-4 inhibitors; HR, hazard ratio; SGLT2i, sodium–glucose cotransporter 2 inhibitors.
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newly approved drugs were previously restricted for 2 weeks
for the first year after approval. Given that many SGLT2i were
approved in 2014 and 2015, many SGLT2i prescriptions might
have been restricted between 2014 and 2015; this might have
also affected the treatment persistence of SGLT2i. Therefore,
given that the patient selection period was between January
2011 and December 2015 for the previous study, and January
2015 and March 2020 for the present study, results from the
present study may better reflect the effects of SGLT2i on treat-
ment persistence. The present results suggest that patients are

more likely to continue SGLT2i treatment than DPP4i treat-
ment and maintain an optimal metabolic control, which could
contribute to the long-term prevention of CVD events in
patients with type 2 diabetes mellitus.
To our knowledge, this is the first Japanese real-world study

that reports simultaneous improvement in cardiometabolic
effects in new users of an SGLT2i versus new users of a DPP4i.
The study used longitudinal data of a large sample size of
>7,000 matched patients in each treatment group collected
from a nationwide administrative database; patients can be

Table 4 | Proportion of patients by subgroup who achieved a composite outcome (HbA1c, BMI and SBP) 1 year after the index date (matched
patients)†,‡

Achieved, % (n/n) SGLT2i (N = 7,302) DPP4i (N = 7,302) RD (95% CI) P-value

While-on treatment strategy§

Baseline HbA1c
<7.5% 29.6 (720/2,433) 12.5 (295/2,367) 16.8 (13.0, 20.6) <0.001
≥7.5% 33.1 (559/1,687) 13.4 (229/1,703) 23.2 (17.8, 28.5) <0.001

Baseline BMI
<25 kg/m2 27.5 (170/619) 11.5 (97/847) 20.3 (12.2, 28.5) <0.001
≥25 kg/m2 31.7 (1,109/3,501) 13.2 (427/3,223) 18.4 (15.7, 21.2) <0.001

Baseline SBP
<130 mmHg 22.5 (431/1,919) 8.8 (166/1,884) 16.5 (12.1, 20.9) <0.001
≥130 mmHg 38.5 (848/2,201) 16.4 (358/2,186) 25.0 (20.2, 29.7) <0.001

Presence of previous treatment
Treatment na€ıve 28.7 (870/3,034) 10.9 (324/2,978) 17.0 (14.0, 19.9) <0.001
Non-treatment na€ıve 37.7 (409/1,086) 18.3 (200/1,092) 22.6 (14.3, 30.9) <0.001

Duration of index treatment
<1 year 27.1 (152/561) 9.6 (77/798) 12.1 (1.4, 22.8) 0.0325
≥1 year 31.7 (1,127/3,559) 13.7 (447/3,272) 17.6 (14.7, 20.4) <0.001

Treatment policy strategy¶

Baseline HbA1c
<7.5% 25.4 (889/3,497) 13.4 (442/3,304) 11.2 (8.5, 13.8) <0.001
≥7.5% 30.0 (794/2,647) 16.5 (460/2,783) 14.2 (10.8, 17.7) <0.001

Baseline BMI
<25 kg/m2 23.8 (233/977) 11.5 (134/1,166) 13.8 (8.9, 18.8) <0.001
≥25 kg/m2 28.1 (1,450/5,167) 15.6 (768/4,921) 12.2 (10.4, 14.0) <0.001

Baseline SBP
<130 mmHg 19.8 (567/2,863) 9.3 (262/2,809) 11.3 (8.5, 14.2) <0.001
≥130 mmHg 34.0 (1,116/3,281) 19.5 (640/3,278) 15.7 (12.6, 18.9) <0.001

Presence of previous treatment
Treatment na€ıve 25.6 (1,074/4,198) 13.0 (543/4,166) 11.8 (9.7, 13.9) <0.001
Non-treatment na€ıve 31.3 (609/1,946) 18.7 (359/1,921) 14.4 (9.9, 19.0) <0.001

Duration of index treatment
<1 year 21.6 (554/2,565) 16.2 (453/2,800) 2.2 (-1.2, 5.6) 0.2040
≥1 year 31.5 (1,129/3,579) 13.7 (449/3,287) 17.5 (14.7, 20.3) <0.001

†Patients with missing pre-index and/or post-index data were excluded from the analysis. Post-index data were those extracted closest to 1 year
(365 days), and between days 180 and 540 after the index date; data for each outcome could be extracted at different times, and if multiple mea-
surements were available, a single measurement closest to 1 year after the index date was used. ‡Improvement criterion for each outcome was
absolute reduction in HbA1c of ≥0.5%, SBP of ≥2 mmHg and percent reduction in BMI of ≥3%, relative from the baseline values. §“While-on treat-
ment strategy” was defined as an approach where data from patients who discontinued treatment, switched or added on a comparator drug
before having post-index data available were excluded. ¶“Treatment policy strategy” was defined as an approach where data from all patients,
including those who discontinued treatment, switched or added on a comparator drug before having post-index data available, were included.
BMI, body mass index; CI, confidence interval; DPP4i, dipeptidyl peptidase-4 inhibitors; HbA1c, hemoglobin A1c; RD, risk difference; SBP, systolic
blood pressure; SGLT2i, sodium-glucose cotransporter 2 inhibitors.
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tracked across multiple health facilities and followed up, even
when they change clinics or hospitals. In the present study, var-
ious cardiometabolic outcomes were evaluated. Furthermore,
the study showed that treatment persistence, an important fac-
tor to consider when choosing treatment, was longer with
SGLT2i treatment than with DPP4i treatment. Therefore,
results from this study can be used as a guide for choosing
type 2 diabetes mellitus treatments.
The present study had some limitations. Potential unmea-

sured confounding factors that might affect treatment selection
and outcomes are not accounted for in the analyses. Patient’s
laboratory test results were limited to only those carried out
as part of a regular annual health checkup, and actual usage
of prescribed drugs could not be determined from the drug
claims. Post-index data were extracted between a large win-
dow of 180 and 540 days after the index date, and data of
each outcome might have been extracted at different times.
After propensity score matching, the resemblance of the
matched DPP4i-treated patients to the actual Japanese type 2
diabetes mellitus population newly treated with a DPP4i
might have been reduced. Nevertheless, the study results are
generalizable, because consistent results were also observed in
the crude population, except for HbA1c. Furthermore, the
study did not assess any safety outcomes of SGLT2i compared
with DPP4i.
In conclusion, the present large real-world study showed that

a simultaneous improvement in HbA1c, BMI and SBP was sig-
nificantly greater in patients with type 2 diabetes mellitus newly
treated with an SGLT2i than those newly treated with a DPP4i
in Japan. Furthermore, SGLT2i was associated with a lower risk
of treatment discontinuation, suggesting better treatment persis-
tence than DPP4i. The results might further indicate the car-
diometabolic risk benefits of SGLT2i compared with DPP4i
and support the current treatment guidelines for type 2 dia-
betes 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.

Table S1 | Adapted Diabetes Complication Severity Index codes.

Table S2 | International Classification of Diseases, 10th Revision codes (2013 version) for relevant medical history.
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Table S3 | Drug codes.

Table S4 | Procedure codes.

Table S5 | Proportion of patients achieving improvement criteria for hemoglobin A1c, body mass index and systolic blood pressure
1 year after the index date (crude population).

Table S6 | Change from baseline in cardiometabolic outcomes (crude population, while-on treatment strategy).

Table S7 | Proportion of patients by subgroup who achieved the improvement criteria for hemoglobin A1c, body mass index and
systolic blood pressure 1 year after the index date (matched patients, while-on treatment strategy).

Table S8 | Change from baseline in cardiometabolic outcomes by hemoglobin A1c subgroups (matched patients, while-on treat-
ment strategy).

Table S9 | Change from baseline in cardiometabolic outcomes by body mass index subgroups (matched patients, while-on treat-
ment strategy).

Table S10 | Change from baseline in cardiometabolic outcomes by systolic blood pressure subgroups (matched patients, while-on
treatment strategy).

Table S11 | Change from baseline in cardiometabolic outcomes by presence of previous treatment subgroups (matched patients,
while-on treatment strategy).

Table S12 | Change from baseline in cardiometabolic outcomes by duration of index treatment (matched patients, while-on treat-
ment strategy).

Figure S1 | Study design.

Figure S2 | Kaplan–Meier curves for (a) time to treatment discontinuation and (b) time to switch to or add-on of new anti-
diabetic drugs (crude population).
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