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ABSTRACT
Aims/Introduction: We investigated the utilization of healthcare resources in patients
with type 2 diabetes treated with empagliflozin, a sodium-glucose co-transporter-2
(SGLT2) inhibitor, versus dipeptidyl peptidase-4 (DPP-4) inhibitors in clinical practice in
Japan, South Korea, and Taiwan.
Materials and Methods: We analyzed the Japanese Medical Data Vision database
(December 2014–April 2018), the South Korean National Health Information Database, and
the Taiwanese National Health Insurance claims database (both May 2016–December
2017). Patients with type 2 diabetes starting empagliflozin, 10 or 25 mg, or a DPP-4
inhibitor were matched 1:1 via propensity scores (PS). We compared inpatient care needs,
emergency room (ER) visits, and outpatient visits between the treatment groups using
Poisson regression and Cox proportional hazards models, pooled across countries by
random-effects meta-analysis.
Results: We identified 28,712 pairs of PS-matched patients; the mean follow-up was
5.7–6.8 months. Empagliflozin-treated patients had a 27% lower risk of all-cause
hospitalization compared with DPP-4 inhibitor–treated patients (rate ratio [RR] 0.73, 95% CI
0.67–0.79), and 23% reduced risk for first hospitalization (hazard ratio 0.77, 95% CI 0.73–
0.81). The risk for an ER visit was 12% lower with empagliflozin than with DPP-4 inhibitors
(RR 0.88, 95% CI 0.83–0.94) while the risk for outpatient visit was 4% lower (RR 0.96, 95%
CI 0.96–0.97). These findings were generally consistent across countries, regardless of
baseline cardiovascular disease, and in the subgroup starting empagliflozin with the
10 mg dose.
Conclusions: Empagliflozin treatment was associated with lower inpatient care needs
and other healthcare resource utilization than DPP-4 inhibitors in routine clinical practice
in East Asia in this study.

INTRODUCTION
Asia is becoming the epicenter of the global diabetes epidemic.
The Western Pacific region (including East Asia) currently has

an estimated 163 million people with diabetes (35% of all global
cases), the vast majority of whom have type 2 diabetes1. This
patient population is expected to increase to approximately 212
million by 20451. Type 2 diabetes generally imposes a substan-
tial burden on healthcare systems globally as it results in a high
demand for healthcare resources and high associated costs1–4,
and East Asia is no exception5–13. Hospital inpatient care is the
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largest component of medical expenditure in type 2 diabetes,
with one study estimating that hospitalization accounted for
43% of total medical costs14. People with type 2 diabetes often
require more inpatient care than those without the disease due
to the high burden of diabetic comorbidities and complications.
A recent, large study in the Asia-Pacific region that explored the
impact of diabetes on hospitalization found that individuals with
diabetes were significantly more likely to have a hospitalization
(for any reason) than those without this disease and spent sig-
nificantly more days in hospital15.
Empagliflozin is a selective inhibitor of the sodium-glucose

co-transporter-2 (SGLT2) protein16 that is widely approved as
an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes. In the landmark EMPA-REG
OUTCOME trial, empagliflozin reduced cardiorenal events and
all-cause hospitalizations in patients with type 2 diabetes and
established cardiovascular disease (CVD)17,18. In pooled ana-
lyses of Asian patients from clinical trials, including East
Asians, empagliflozin monotherapy or add-on therapy
improved glycemic control, reduced body weight and blood
pressure, and was well tolerated19,20. Furthermore, subgroup
analyses of EMPA-REG OUTCOME suggest that the reduction
in cardiorenal events and the need for inpatient care with
empagliflozin in the overall trial cohort was consistent in the
subgroup of Asian patients21–23.
The EMPagliflozin CompaRative EffectIveness and SafEty

(EMPRISE) study program included non-interventional studies
of the effectiveness, safety, healthcare utilization, and cost of
empagliflozin in routine clinical practice in patients with type 2
diabetes in East Asia, Europe, and the United States (US)24. In
the US study, interim analyses showed that patients treated
with empagliflozin had a lower rate of healthcare utilization
including all-cause hospitalization, emergency visits, and inpa-
tient days than those treated with dipeptidyl peptidase-4 (DPP-
4) inhibitors25.
The EMPRISE East Asia study included patients treated

with empagliflozin or DPP-4 inhibitors in Japan, South
Korea, and Taiwan. In this study, empagliflozin treatment
was associated with a significantly reduced risk for all-cause
mortality, hospitalization for heart failure (HHF), and end-
stage renal disease compared with treatment with DPP-4
inhibitors26.
In the present analysis of EMPRISE East Asia, we aimed to

evaluate inpatient care needs and other healthcare resource uti-
lization in patients with type 2 diabetes treated with empagliflo-
zin versus DPP-4 inhibitors in routine clinical practice in
Japan, South Korea, and Taiwan.

METHODS
Study design and patient population
The overall design of the EMPRISE East Asia study has been
reported previously26. In brief, patients with type 2 diabetes
starting empagliflozin, 10 mg or 25 mg, or a DPP-4 inhibitor
for the first time were identified from the Medical Data Vision

(MDV) database in Japan (from December 2014 to April
2018), the National Health Information Database (NHID) of
the National Health Insurance Service in South Korea (May
2016–December 2017), and the National Health Insurance
claims database in Taiwan (also May 2016–December 2017).
The MDV database includes over 25 million patients from over
400 acute care hospitals in Japan, whereas the NHID in South
Korea and the National Health Insurance claims database in
Taiwan are both national claims databases.
The date of the first prescription of empagliflozin or DPP-4

inhibitor was counted as the index date. This study included
patients with ≥12 months of data prior to the index date who
were aged ≥18 years at the index date, had a diagnosis of type
2 diabetes prior to the index date, and had not had a prescrip-
tion for empagliflozin, another SGLT2 inhibitor, or a DPP-4
inhibitor in the 12 months prior to the index date. The diagno-
sis of type 2 diabetes was based on diagnostic codes using the
10th revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10) in Japan and
Korea and both the 9th (ICD-9) and 10th revisions in Taiwan.
Patients were excluded if they had a diagnosis of type 1 diabe-
tes, secondary diabetes, gestational diabetes, or end-stage renal
disease in the 12 months before the index date.
Patients were grouped into cohorts of new users of empagli-

flozin or DPP-4 inhibitors. These groups underwent 1:1
propensity-score matching, adjusting for 110–166 covariates.
These covariates, which have been reported previously in
detail26, included characteristics related to baseline demo-
graphics, comorbidities (including those related to diabetes),
medication, lifestyle factors, and prior healthcare resources utili-
zation. Post-matching covariate balance between treatments was
assessed for each covariate by the calculation of standardized
difference; an absolute standardized difference of >0.1 between
post-matching covariates was considered to be meaningful27.
Propensity score matching and assessment was re-done for ana-
lyses of baseline subgroups.
The EMPRISE East Asia study is registered on the European

Union electronic register of Post-Authorisation Studies (EU
PAS; register number EUPAS27606) and on ClinicalTrials.gov
(identifier NCT03817463). The study was approved by local
institutional review boards in each country. All patient data
were de-identified.

Outcomes
In the current analysis, the following outcomes for healthcare
resource utilization were investigated: (1) inpatient care, mea-
sured by all-cause hospitalizations, first hospitalizations, and
duration of hospitalization (length of stay and total number of
inpatient days); (2) emergency care, measured by emergency
room (ER) visits; and (3) outpatient care, defined as outpatient
visits (excluding ER visits). These outcomes were assessed by
extracting information relating to inpatient and outpatient
usage of healthcare resources (e.g. length of stay) from the
study databases, including administrative codes (Table S1).
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Follow-up for these outcomes started on the day after the
index date and continued until one of the following events
occurred: death, discontinuation of the initial drug, switch to
another study drug (any SGLT2 inhibitor, any DPP-4 inhibi-
tor), initiation of concomitant use with another study drug
(any SGLT2 inhibitor, any DPP-4 inhibitor), or end of data
availability.

Statistical analysis
Analyses of outcomes in patients were conducted according
to the treatment they received, i.e. the ‘as-treated’ popula-
tion. All-cause hospitalizations, outpatient visits (excluding
ER visits), and ER visits were compared between the treat-
ment groups using Poisson regression models, while first
hospitalizations were evaluated using Cox proportional haz-
ard models; in all analyses, the models were adjusted for
any unbalanced covariates, which were assessed based on
an absolute standardized difference of >0.1, as described
above. Data from individual countries were pooled using
random effects meta-analysis models; the I2 index and Q
test were used to measure heterogeneity, and the Z test
was used to assess distribution.
Patients receiving the 10 mg dose of empagliflozin were

also evaluated separately, as this is the dose strength predom-
inantly used in Japan28 and other Asian countries. In Japan
and South Korea, patients were censored if they were titrated
to a different empagliflozin dose; in Taiwan, patients starting
empagliflozin 10 mg/day were considered to be part of that
subgroup regardless of future dose adjustment.

RESULTS
Overall, 1,086,727 patients with type 2 diabetes were identi-
fied as having started empagliflozin or a DPP-4 inhibitor
during the study period: 432,054 in Japan, 325,608 in South
Korea, and 329,065 in Taiwan. The large majority of these
patients had started DPP-4 inhibitors (Figure 1). From this
cohort, 28,712 empagliflozin/DPP-4 inhibitor pairs of pro-
pensity score-matched patients were identified, including
5,592 pairs from Japan, 9,072 pairs from South Korea, and
14,048 pairs from Taiwan (Figure 1). Most of these patients
started empagliflozin at the 10 mg dose: 5,432 (97.1%) in
Japan, 7,760 (85.5%) in South Korea, and 8,339 (59.4%) in
Taiwan. The mean follow-up time was 5.7 months in Japan,
6.8 months in South Korea, and 5.9 months in Taiwan
(median of 3.2, 5.7, 4.2 months, respectively)26.
Baseline characteristics were generally comparable between

treatment groups following propensity scoring (Table 1,
Table S2), as reported previously26. However, the following
variables were unbalanced (absolute standardized difference
>0.1): past use of glucagon-like peptide-1 receptor agonists or
second-generation sulfonylureas in Japan, and total pharmacy
costs, total pharmacy costs for antidiabetic drugs, and total
pharmacy costs for non-antidiabetic drugs in Taiwan
(Table S2). To adjust for these differences, these variables
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were included in the statistical models for the evaluation of out-
comes. The mean age at drug initiation was 55.9–59.3 years,
and 24.4–40.5% of patients were elderly across the three coun-
tries (17.3–26.8% aged 65–74 years, 7.1–13.7% aged ≥75 years).
The burden of comorbidities was generally low (e.g. stroke:
4.5–6.1% of patients; chronic kidney disease: 1.6–5.6%), with
the exception of ischemic heart disease which was present in
19.9–32.4% of patients across countries. All-cause hospitaliza-
tion and the number of hospital days and emergency depart-
ment visits were higher at baseline in Japan than in the other
two countries, most likely due to the MDV database containing
data only from acute care hospitals in Japan. Sitagliptin was the
most common DPP-4 inhibitor index drug at baseline, as
reported previously (Table S3)26.

Inpatient care need
The rates of first hospitalization and all-cause hospitalization
were markedly higher in patients with CVD at baseline than in
those without CVD in all three countries (Figure 2). Treatment
with empagliflozin was associated with a 23% lower risk for
first hospitalization compared with treatment with DPP-4
inhibitors: hazard ratio 0.77, 95% confidence interval (CI) 0.73–
0.81 (Figure 2a). This risk reduction was consistent across
Japan (24%), South Korea (25%), and Taiwan (20%), as well as
in patients with (19%) and without (20%) CVD (Figure 2a).
Similarly, empagliflozin was associated with a 27% lower risk
for all-cause hospitalization compared with DPP-4 inhibitors:
rate ratio (RR) 0.73, 95% CI 0.67–0.79 (Figure 2b). This risk
reduction was consistent across Japan (31%), South Korea
(30%) and Taiwan (21%), as well as in patients with (23%) and
without (20%) CVD (Figure 2b). Thus, the lower risk of hospi-
talization was consistent in the empagliflozin group compared
with the DPP-4 inhibitor group irrespective of first events, all
events (including recurrent events), and the presence or absence
of CVD.
The number of inpatient days was lower in patients initiating

empagliflozin compared with DPP-4 inhibitors in all three
countries. The mean (standard deviation) length of stay in
patients with at least one hospitalization was 13.38 (18.57) days
in the empagliflozin group compared with 15.52 (22.94) days
in the DPP-4 inhibitor group in Japan, 10.00 (16.86) days and
12.89 (29.96) days, respectively, in South Korea, and 9.73
(15.06) days and 12.26 (23.83) days, respectively, in Taiwan
(Table 2). Similar trends were seen in the subgroups of patients
with and without CVD at baseline (Table S4).

Emergency care need
Despite patients in South Korea and Taiwan having similar
baseline characteristics, the rate of ER visits was higher in Tai-
wan; it was also higher in patients with CVD than in those
without CVD in both countries (Figure 3). The rate of ER visits
appeared to be much lower in Japan. Overall, treatment with
empagliflozin was associated with a 12% reduction in risk for
an ER visit, compared with treatment with DPP-4 inhibitors

(RR 0.88, 95% CI 0.83–0.94), which was consistent across coun-
tries (10%, 9% and 14% in Japan, South Korea and Taiwan,
respectively).

Outpatient care
The rate of outpatient visits was higher in patients with CVD
compared with those without CVD in all three countries
(Figure 4). There was a small (4%) but significant overall
reduction in the risk for outpatient visits in patients receiving
empagliflozin compared with those receiving DPP-4 inhibitors
(RR 0.96, 95% CI 0.96–0.97), which was consistent across coun-
tries and in patients with and without baseline CVD.

10 mg dose of empagliflozin
In the subgroup of patients receiving the 10 mg dose of
empagliflozin 1:1 propensity-score matched to individuals
receiving DPP-4 inhibitors, the risks of first hospitalization
(overall HR 0.79, 95% CI 0.73–0.85), all-cause hospitalization
(overall RR 0.75, 95% CI 0.70–0.79), and ER visit (overall RR
0.85, 95% CI 0.79–0.92) were all significantly lower with
empagliflozin in all three countries (Figures S1 and S2). The
risk of an outpatient visit was significantly lower in Japan
(RR 0.94, 95% CI 0.92–0.95) and numerically lower in South
Korea (RR 0.99, 95% CI 0.98–1.00) and Taiwan (RR 0.96,
95% CI 0.92–1.00) (Figure S3).

DISCUSSION
The burden of diabetes care in East Asia, in terms of health-
care resource utilization and cost, is growing due to the high
prevalence of patients with type 2 diabetes in the region1.
Given this increasing burden, we assessed the impact of
empagliflozin on the utilization of healthcare resources in East
Asian patients with type 2 diabetes in routine clinical practice.
In this analysis, treatment with empagliflozin was associated
with significant reductions in inpatient care needs, ER visits,
and outpatient visits, compared with treatment with DPP-4
inhibitors. The reductions in healthcare resource utilization by
East Asian patients with type 2 diabetes treated with empagli-
flozin were evident shortly after treatment initiation and were
generally consistent across Japan, South Korea, and Taiwan
irrespective of healthcare system and clinical practices; they
were also comparable in patients with and without baseline
CVD, underscoring that the lower need for inpatient care in
empagliflozin-treated patients was evident even in those with-
out CVD.
These findings from East Asia are consistent with the

reduced healthcare resource utilization associated with empagli-
flozin observed in patients with type 2 diabetes in the US com-
pared with DPP-4 inhibitors specifically25 or other glucose-
lowering drugs generally29, as well as the EMPA-REG OUT-
COME clinical trial, which found that empagliflozin reduced
all-cause hospitalizations in patients with type 2 diabetes and
CVD, including Asians18,23. In the EMPA-REG OUTCOME
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Empagliflozin DPP-4 inhibitor

Weight, % RR (95% CI)Number of events
(rate per patient-year)

 RR (95% CI)

Overall

Japan

South Korea

Taiwan

Japan

South Korea

Taiwan

Japan

South Korea

Taiwan

Meta-analysis (random effects)

Meta-analysis (random effects)

Meta-analysis (random effects)

With CVD

Without CVD

747 (0.27)

1,499 (0.30)

1,620 (0.23)

411 (0.43)

769 (0.40)

658 (0.36)

330 (0.19)

730 (0.23)

962 (0.19)

1,000 (0.40)

2,137 (0.44)

2,029 (0.30)

509 (0.57)

1,105 (0.59)

746 (0.41)

394 (0.24)

889 (0.30)

1,193 (0.24)

30.13

39.15

30.72

100

31.93

36.66

31.41

100

22.43

49.25

28.32

100

0.69 (0.63–0.76)

0.70 (0.66–0.75)

0.79 (0.72–0.87)

0.73 (0.67–0.79)

0.77 (0.68–0.88)

0.69 (0.63–0.76)

0.88 (0.77–1.01)

0.77 (0.67–0.89)

0.77 (0.67–0.89)

0.81 (0.73–0.89)

0.80 (0.70–0.91)

0.80 (0.74–0.86)

Empagliflozin DPP-4 inhibitor

Weight, % HR (95% CI)Number of events
(rate per patient-year)

 HR (95% CI)

Overall

Japan

South Korea

Taiwan

Japan

South Korea

Taiwan

Japan

South Korea

Taiwan

Meta-analysis (random effects)

Meta-analysis (random effects)

Meta-analysis (random effects)

With CVD

Without CVD

582 (0.23)

1,008 (0.21)

1,192 (0.18)

704 (0.32)

1,266 (0.29)

1,430 (0.23)

314 (0.38)

510 (0.30)

516 (0.31)

385 (0.53)

639 (0.39)

542 (0.33)

30.71

35.20

34.09

100

18.26

34.58

47.15

100

21.61

35.26

43.13

100

264 (0.16)

498 (0.17)

676 (0.14)

305 (0.20)

597 (0.21)

812 (0.17)

0.76 (0.68–0.84)

0.75 (0.69–0.82)

0.80 (0.74–0.87)

0.76 (0.65–0.88)

0.75 (0.67–0.84)

0.95 (0.84–1.07)

0.77 (0.73–0.81)

0.81 (0.70–0.95)

0.80 (0.68–0.95)

0.79 (0.78–0.89)

0.81 (0.73–0.89)

0.80 (0.75–0.86)

Heterogeneity: Q (df = 2) = 1.367,
P-value = 0.505; I2 ≤ 0.005%; t2 ≤ 0.005

Overall effect: Z = –9.87,
P-value = 0.000

Heterogeneity: Q (df = 2) = 8.849,
P-value = 0.012; I2 = 76.59%; t2 = 0.01

Overall effect: Z = –2.651,
P-value = 0.008

Heterogeneity: Q (df = 2) = 0.065,
P-value = 0.968; I2 ≤ 0.005%; t2 ≤ 0.005

Overall effect: Z = –6.196,
P-value = 0.000

Heterogeneity: Q (df = 2) = 5.463,
P-value = 0.065; I2 ≤ 64.47%; t2 ≤ 0.005

Overall effect: Z = –7.789,
P-value = 0.000

Heterogeneity: Q (df = 2) = 8.658,
P-value = 0.013; I2 = 76.03%; t2 = 0.01

Overall effect: Z = –3.585,
P-value = 0.000

Heterogeneity: Q (df = 2) = 0.304,
P-value = 0.859; I2 ≤ 0.005%; t2 ≤ 0.005

Overall effect: Z = –6.371,
P-value = 0.000

0.6 0.8 1 1.2

0.6 0.8 1 1.2

Favors empagliflozin Favors DPP-4 inhibitor

Favors empagliflozin Favors DPP-4 inhibitor

(a)

(b)

Figure 2 | Risk of (a) first hospitalization and (b) all-cause hospitalization in 1:1 propensity score-matched patients. CI, confidence interval; CVD,
cardiovascular disease; df, degrees of freedom; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; RR, rate ratio.
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trial, most types of hospital admissions were lower with empa-
gliflozin compared with placebo, with prevention of HHF
accounting for approximately 20% of the reduction in all-cause
hospitalizations18. These data suggest favorable effects of empa-
gliflozin on hospitalizations beyond those for heart failure and
CVD even in routine clinical practice. More frequent

hospitalizations were found to be a strong predictor for frailty
in community-dwelling geriatric patients30; a reduction in the
risk of hospitalizations with empagliflozin might therefore lead
to benefit in elderly patients with type 2 diabetes.
Globally, the direct and indirect costs of type 2 diabetes were

estimated as $US760 billion1 and $US1.31 trillion4 in 2019 and

Table 2 | Duration of hospitalization

Japan South Korea Taiwan

Empagliflozin
(n = 5,592)

DPP-4 inhibitor
(n = 5,592)

Empagliflozin
(n = 9,072)

DPP-4 inhibitor
(n = 9,072)

Empagliflozin
(n = 14,048)

DPP-4 inhibitor
(n = 14,048)

Number of patients with
hospital admissions†

582 704 1,008 1,266 1,192 1,430

Total number of inpatient
days

7,788 10,926 10,078 16,313 11,604 17,537

Length of stay, days
Mean (SD) 13.38 (18.57) 15.52 (22.94) 10.00 (16.86) 12.89 (29.96) 9.73 (15.06) 12.26 (23.83)
Median (Q1, Q3) 7 (3, 16) 8 (4, 17) 5 (2, 11) 6 (2, 13) 5 (3, 10) 6 (3, 12)

Total follow-up for all
patients (patient-years)

2,734 2,488 5,064 4,855 6,927 6,764

Inpatient days as %
of follow up, mean (SD)

1.23 (6.57) 1.51 (7.21) 0.75 (4.88) 1.4 (7.17) 0.76 (5.64) 1.07 (6.75)

DPP-4, dipeptidyl peptidase-4; Q, quartile; SD, standard deviation. †Post-baseline subgroup in which treatment groups were not re-matched by pro-
pensity scoring.

Overall

Empagliflozin DPP-4 inhibitor

Weight, %

2.09

38.75

59.15

100

22.00

39.32

38.68

100

12 (0.01)

406 (0.22)

1,150 (0.63)934 (0.51)

19 (0.01)

451 (0.14)

1,525 (0.30) 1,661 (0.33)

354 (0.12)

39 (0.02) 27.13

36.19

36.68

100

0.44 (0.26–0.77)

1.27 (1.10–1.46)

0.91 (0.83–1.00)

0.85 (0.49–1.47)

0.25 0.5

Favors empagliflozin Favors DPP-4 inhibitor

1 2 4

312 (0.16)

24 (0.03)

0.90 (0.59–1.38)

0.91 (0.82–1.00)

0.86 (0.80–0.93)

0.88 (0.83–0.94)

1.99 (1.00–3.99)

0.76 (0.66–0.88)

0.81 (0.68–0.96)

0.96 (0.60–1.56)

RR (95% CI) RR (95% CI)

Heterogeneity: Q (df = 2 ) = 0.687,

Heterogeneity: Q (df = 2 ) = 7.149,

Heterogeneity: Q (df = 2 ) = 23.164,

P-value = 0.709; I2 � 0.005%; t2 � 0.005

P-value = 0.028; I2 = 92.29%; t2 = 0.15

P-value = 0.000; I2 = 96.86%; t2 = 0.22

Overall effect: Z = -4.006,

Overall effect: Z = -0.155,

Overall effect: Z = -0.595,

P-value = 0.000

P-value = 0.876

P-value = 0.552

Number of events
(rate per patient-year)

Japan 42 (0.02)

767 (0.15)

2,459 (0.36) 2,834 (0.42)

847 (0.17)

43 (0.02)

South Korea

Taiwan

Japan

South Korea

Taiwan

Japan

South Korea

Taiwan

Meta-analysis (random effects)

Meta-analysis (random effects)

Meta-analysis (random effects)

With CVD

Without CVD

Figure 3 | Risk of emergency room visit in 1:1 propensity score-matched patients. CI, confidence interval; CVD, cardiovascular disease; df, degrees
of freedom; DPP-4, dipeptidyl peptidase-4; RR, rate ratio.
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2015, respectively. Type 2 diabetes has also been shown to exert
a substantial economic burden in Japan (medical costs for dia-
betes of 1206 billion yen [approximately $US11 billion] in
20185), South Korea ($US18.3 billion in 201913), and Taiwan
($US2.96 billion in 2010, equivalent to approximately 0.8% of
gross domestic product at that time9). Hospitalization was
found to be one of the two largest contributors to direct costs
of type 2 diabetes in economically developed countries31, which
supports similar findings from the American Diabetes Associa-
tion3. Cost-effectiveness modeling analyses suggest that empagli-
flozin is a highly cost-effective treatment in Japan32 and
China33,34. Given the economic burden of type 2 diabetes, the
impact of empagliflozin on medical costs in routine clinical care
will be analyzed for individual countries in the EMPRISE East
Asia study.
This analysis from EMPRISE East Asia has several

strengths, as well as some limitations. The study was designed
to minimize confounding and time-related biases, and to also
ensure balance between the treatment groups24. The use of
patient cohorts initiating empagliflozin or DPP-4 inhibitor for
the first time reduces potential confounding by indication as
well as time-related biases such as immortal time bias and
time-lag bias35,36. This analysis was also reflective of clinical
practice in Japan, South Korea, and Taiwan. The use of DPP-
4 inhibitors as a comparator was appropriate as an alternative
treatment to empagliflozin in these countries as these drugs

are generally prescribed at similar stages of type 2 diabetes
disease severity (further reducing the chance of time-lag bias)
and have similar costs, glycemic efficacy and low risk for
hypoglycemia. The propensity-scoring methodology adjusted
for more than 110 covariates, some of which – including
baseline comorbidities and medication use – may be viewed
as proxies for disease severity measures such as time since
diagnosis. Propensity score models were re-done for analyses
of baseline subgroups, as covariate balance is not automatically
maintained in subgroups. Notably, most of the patients identi-
fied as initiating empagliflozin were retained after propensity-
score matching (28,712/28,794 = 99.7%), which increases con-
fidence that the final cohort was representative of clinical
practice. Finally, the cardiorenal risk reduction associated with
empagliflozin treatment in the same cohort of patients from
Japan, South Korea and Taiwan was consistent with the cardi-
orenal benefit of empagliflozin seen in the EMPA-REG OUT-
COME trial, as reported previously26. However, despite efforts
to minimize confounding and biases, residual confounding
might still have been present. The follow-up period was also
relatively short (mean 5.7–6.8 months across the countries;
median 3.2–5.7 months), and we did not investigate reasons
for all-cause hospitalizations. In addition, the competing risk
of death was not considered in the analysis of first hospitali-
zation; however, this is unlikely to have significantly affected
those results, given the low number of deaths in the study
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Figure 4 | Risk of outpatient visit (excluding emergency room visits) in 1:1 propensity score-matched patients. CI, confidence interval; CVD,
cardiovascular disease; df, degrees of freedom; DPP-4, dipeptidyl peptidase-4; RR, rate ratio.
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(287 patients [0.5% of the cohort]26) and the similar risk
reduction with empagliflozin for that outcome (23%) com-
pared with all hospitalizations (27%). Comparison of the
length of stay between treatment groups in patients with at
least one hospitalization is limited by the fact that these were
post-baseline subgroups that were not re-matched by propen-
sity scoring. Furthermore, the study is limited by differences
between the healthcare systems and databases in each country.
Notably, the MDV database in Japan does not comprehen-
sively record ER visits, as the code used for ER visits is not
necessarily applied to all patients visiting the ER (some are
coded to either the department of their personal doctor or
the department they visit after the ER). This is probably why
the rate of ER visits appeared to be much lower in Japan
than South Korea and Taiwan, which may affect the general-
izability of the Japanese ER data. Furthermore, it was not pos-
sible to evaluate adherence or persistence.
In conclusion, EMPRISE East Asia is one of the first studies of

the effect of SGLT2 inhibitors on healthcare resource utilization
in East Asian patients with type 2 diabetes in routine clinical prac-
tice. In this study, empagliflozin treatment was associated with
lower rates of hospitalizations, outpatient visits, and ER visits than
treatment with DPP-4 inhibitors. These results were consistent
across Japan, South Korea, and Taiwan, and in patients with and
without baseline CVD. Further research is needed to evaluate the
implications of these findings on the costs of care.
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Table S4 | Duration of hospitalization in patients with and without cardiovascular disease at baseline

Figure S1 | Risk of (a) first hospitalization and (b) all-cause hospitalization in 1:1 propensity score-matched patients in the empa-
gliflozin 10 mg subgroup. In Japan and South Korea, patients were censored if titrated to a different empagliflozin dose; in Taiwan,
patients initiating empagliflozin 10 mg/day were considered to be part of that subgroup regardless of future dose adjustment. CI,
confidence interval; df, degrees of freedom; DPP-4, dipeptidyl peptidase-4; HR, hazard ratio; RR, rate ratio.
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Figure S2 | Risk of emergency room visit in 1:1 propensity score-matched patients in the empagliflozin 10 mg subgroup. In Japan
and South Korea, patients were censored if titrated to a different empagliflozin dose; in Taiwan, patients initiating empagliflozin
10 mg/day were considered to be part of that subgroup regardless of future dose adjustment. CI, confidence interval; df, degrees of
freedom; DPP-4, dipeptidyl peptidase-4; RR, rate ratio.

Figure S3 | Risk of outpatient visit (excluding emergency room visits) in 1:1 propensity score-matched patients in the empagliflozin
10 mg subgroup. In Japan and South Korea, patients were censored if titrated to a different empagliflozin dose; in Taiwan, patients
initiating empagliflozin 10 mg/day were considered to be part of that subgroup regardless of future dose adjustment. CI, confidence
interval; df, degrees of freedom; DPP-4, dipeptidyl peptidase-4; RR, rate ratio.
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