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ABSTRACT

Introduction: Many patients with type 2 dia-
betes mellitus (T2DM) suffer from complica-
tions that impose substantial burdens on
prognosis and medical costs. Accumulating
evidence has demonstrated the clinical benefit
of sodium–glucose cotransporter 2 inhibitors
(SGLT2i) on cardiovascular and renal compli-
cations. However, the health economic impact
of SGLT2i remains unclear. The aim of this
study was to evaluate the cost-effectiveness of

initiating antidiabetic therapy with an SGLT2i
using Japanese real-world data.
Methods: We constructed a natural history
model incorporating heart failure (HF),
myocardial infarction, stroke, chronic kidney
disease, and end-stage renal disease (ESRD) as
complications. The target population com-
prised patients with T2DM who newly initiated
their first oral glucose-lowering drugs. By using
a population-based microsimulation, we esti-
mated the 10-year medical costs in Japanese yen
(JPY) and outcomes (hospitalization for/devel-
opment of complications and quality-adjusted
life years [QALY]) for patients who initiated
antidiabetic therapy with an SGLT2i or con-
ventional therapy. Sensitivity analyses included
a probabilistic sensitivity analysis (PSA) with
1,000,000 iterations.
Results: In the base-case analysis, the total
medical cost per person was JPY 1,638,806 ver-
sus JPY 1,825,033 and the QALYs were 8.732
versus 8.513 for the SGLT2i strategy versus the
conventional strategy, respectively. Thus, initi-
ating treatment with an SGLT2i was dominant,
more effective (QALY gain), and lower cost.
When treating 10,000 patients, the SGLT2i
strategy would reduce all-cause deaths by 410
(552 vs 962), HF events by 201 (897 vs 1098),
and ESRD events by 16 (16 vs 32) versus the
conventional strategy. The PSA revealed that
the probability of dominance for initiating
SGLT2i therapy was 90.5%, demonstrating the
robustness of the results.
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Conclusion: Our results suggest that initiating
T2DM treatment with SGLT2i, aimed at
managing cardiovascular and renal complica-
tions from the early stages of diabetes, can
improve the clinical outcome and reduce cost
burden of T2DM.

Keywords: Type 2 diabetes mellitus; SGLT2
inhibitor; Cost-effectiveness; Diabetic
complications

Key Summary Points

Why carry out this study?

Heart failure and chronic kidney disease,
which are the most frequent initial
manifestations of patients in the early
stages of diabetes, impose substantial
clinical and economic burdens.

Despite the benefit of sodium–glucose
cotransporter 2 inhibitors (SGLT2i) on
primary and secondary prevention of
these complications, the health economic
impact of SGLT2i remains unclear.

What was learned from the study?

Initiating diabetes treatment with an
SGLT2i decreased medical costs and
increased the earned-QALY compared
with conventional treatment.

The results demonstrate the economic
benefit of initiating therapy with an
SGLT2i for patients with type 2 diabetes.

INTRODUCTION

More than 400 million people live with diabetes
worldwide, and each year 4 million deaths are
caused by diabetes [1, 2]. The prevalence of
diabetes is expected to increase to 578 million
by 2030 and 700 million by 2045 as the global
population ages [1]. The burden of diabetes is
mainly caused by its complications. In a US
registry, only 6% of patients had isolated type 2

diabetes mellitus (T2DM), the rest had one or
multiple complications [3, 4]. The development
of complications, including cardiovascular and
renal diseases, exacerbates the prognosis of
patients with T2DM [5, 6].

Diabetes also imposes a significant financial
burden. The global health expenditure due to
diabetes in 2015 was estimated to be 673 billion
USD [1], equivalent to approximately 12% of
global health expenditure, and it is predicted to
reach 802 billion USD by 2045. It is noteworthy
that a substantial proportion of the total
expenditure for diabetes was due to the treat-
ment of complications [1]. Given the clinical
and economic burden of diabetes, a treatment
strategy that can prevent or slow the progres-
sion of complications from the early stage of
diabetes is of particular importance.

Several cardiovascular outcome trials of
sodium–glucose cotransporter 2 inhibitors
(SGLT2i) have demonstrated that they reduce
cardiovascular and renal events, including hos-
pitalization for heart failure (HF), in patients
with T2DM [7–9]. A recent multinational
observational study confirmed the importance
of prevention and management of HF and
chronic kidney disease (CKD) from the early
stage of diabetes by showing that HF and CKD
are the most frequent initial complications
among patients without a history of cardiovas-
cular and renal diseases [5]. Furthermore, sev-
eral large clinical trials have shown protective
effects of SGLT2i on HF and renal events
[10–12]. Based on these findings, guidelines on
diabetes developed by the American Diabetes
Association (ADA) and the European Associa-
tion for the Study of Diabetes (EASD) recom-
mend the use of SGLT2i in patients with
diabetes at high risk of atherosclerotic cardio-
vascular disease, HF, or CKD [13–16].

Japanese real-world data (RWD) have further
provided evidence of the frequent manifesta-
tion of HF and CKD in the early stages of T2DM
[5, 17, 18] and clinical benefits of SGLT2i in
these patients [19, 20]. Unlike the ADA and
EASD guidelines, the Japanese clinical practice
guidelines do not recommend specific pharma-
cotherapies for T2DM, and instead endorse the
selection of drugs on the basis of the patient’s
disease condition. Although the number of
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patients initiating antidiabetic therapy with an
SGLT2i is increasing, the proportion is still
below 10% [17, 21]. SGLT2i are also associated
with lower total healthcare cost compared with
other glucose-lowering drugs (GLDs) in real-
world settings [22], although the cost-effective-
ness of SGLT2i in Japanese clinical settings
remains unclear.

In the present study, we constructed a health
economic model that considered T2DM-related
complications to assess the economic effective-
ness of initiating antidiabetic therapy with an
SGLT2i in Japanese clinical settings. The results
are expected to contribute to better treatment
strategies for T2DM.

METHODS

Ethical Statement

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Target Population

The model population consisted of patients
with T2DM who had not previously been trea-
ted with oral GLDs.

Intervention and Comparators

Two treatment strategies were assessed: (1)
SGLT2i strategy and (2) conventional treatment
strategy. For the SGLT2i strategy, antidiabetic
therapy was initiated as an SGLT2i. In the con-
ventional strategy, oral GLDs were prescribed as
initial therapy on the basis of the results of a
previous study that examined the real-world
prescription patterns in Japanese patients with
T2DM [17], in which antidiabetic therapy was
initiated as a dipeptidyl peptidase 4 inhibitors
(DPP4i) in 63.5% of patients, biguanide in 9.3%,
a-glucosidase inhibitor in 5.1%, sulfonylurea in
4.9%, SGLT2i in 2.6%, and thiazolidinedione in
1.8% [17].

Model Framework

The state transition model was constructed
using TreeAge Pro 2020 (TreeAge Software,
Inc.), which predicts the costs and outcomes
associated with hospitalization for HF, myocar-
dial infarction (MI), stroke, and end-stage renal
disease (ESRD) in patients in the early stages of
T2DM. A population-based Monte Carlo simu-
lation was conducted to incorporate different
patterns of clinical characteristics, including
age, sex, and medical history.

The model consisted of the following three
states (Fig. 1): stable (without complications);
occurrence of a complication (post complica-
tion); and death. Four complications (HF, MI,
stroke, and ESRD) were separately incorporated
into the model. Once a patient develops a
complication, the patient is moved to the ‘‘post
complication’’ node and does not develop
another complication. This is a conservative
assumption for the SGLT2i strategy because it
protected against cardiovascular and renal
events in previous studies. The effect of CKD
was also included in the model. The develop-
ment of CKD did not affect the incidence rate of
complications, except for ESRD, and the inci-
dence rate of ESRD would not be considered
before the occurrence of CKD. The cycle length
was set to 1 month. In the base-case analysis,
the time horizon was set to 10 years.

Fig. 1 Model structure. CKD chronic kidney disease,
ESRD end-stage renal disease, HF heart failure, MI
myocardial infarction
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The analyses were conducted from the
healthcare payer perspective. Medical costs
covered by the public health insurance system
were included in the analysis. Healthcare costs
and outcome were discounted at a rate of 2%, as
recommended in Japanese guidelines for cost-
effectiveness analysis [23].

The primary outcome of this study was
quality-adjusted life years (QALY). The incre-
mental cost-effectiveness ratio (ICER) was cal-
culated if applicable. We also captured the
numbers of death, hospitalization for compli-
cations, and the development of complications
to estimate the overall impact in the whole
population.

Data Sources

Cost of Oral Glucose-Lowering Drugs
For the SGLT2i strategy, the average daily cost
of six SGLT2i available in Japan was used
(Japanese yen [JPY] 189.6/day, Table 1). For the
conventional strategy, the daily cost was esti-
mated by calculating the weighted average of
oral GLDs classified by drug categories, based on
the reported distribution of initial oral GLDs in
Japan [17]. The resultant daily cost for conven-
tional therapy was JPY 125.9/day (Table 1).

Treatment Cost
All cost data were derived from Japanese studies.
The treatment costs of each HF, MI, and stroke
event were derived from published studies
identified via a systematic literature review
(Table 2). For cardiovascular diseases, the initial
costs (up to 1 year from disease onset) and
chronic costs (subsequent years) were adopted
separately. Among eight articles included in our
analysis, four [24–27] used claim data for cost
calculation and four [28–31] used hospital-
based data. The initial costs of HF, MI, and
stroke were JPY 770,428, JPY 2,156,290, and
JPY 1,440,107, respectively, and the annual
maintenance cost was JPY 1,207,920,
JPY 900,432, and JPY 1,160,562, respectively.
For CKD and ESRD, we used monthly costs of
JPY 30,000 and JPY 350,000, respectively, based
on prior studies [32–35].

Clinical Outcome Data
Incidence rates of hospitalization for HF, MI,
and stroke were derived from a study using an
administrative claims database of enrollees in
the municipal government health insurance
program in Shizuoka prefecture [17]. Data were
extracted from 23,340 patients (mean follow-up
period of 2.8 years). The incidence rates were
10.4/1000 person-years for HF hospitalization,
4.1/1000 person-years for MI hospitalization,
and 12.9/1000 person-years for stroke hospital-
ization. The risk ratio for the SGLT2i strategy
was obtained from the Japanese subset of the
CVD-REAL 2 study by comparing the two-pa-
rameterized risk of SGLT2i use and other GLD
use (Table 3) [19]. The CVD-REAL 2 study was a
large-scale real-world study of SGLT2i that
examined the cardiovascular outcomes of
patients with T2DM initiating an SGLT2i or
other oral GLD, including DPP4i. The risk ratio
of the SGLT2i strategy versus other oral GLD
was 0.75 for HF hospitalization, 0.73 for MI
hospitalization, 0.66 for stroke hospitalization,
and 0.56 for all-cause death. The incidence of
events over the modeled horizon was estimated
by applying exponential survival distributions
parameterized utilizing the Japanese-specific
event rates reported in CVD-REAL 2 [19]. For
CKD, Komuro et al. [20] reported an incidence
rate of CKD of 3.1/1000 person-years among

Table 1 Daily cost of glucose-lowering drugs (JPY)

Drug Cost/day
range

Average
cost/day

SGLT2i 180.0–195.2 189.6

Other GLD 125.9

DPP4i 115.0–170.1 137.6

Sulfonylurea 5.7–27.4 14.1

Thiazolidinedione 19.9–58.4 39.2

Biguanide 14.4–19.6 17.0

a-Glucosidase

inhibitor

31.8–104.7 67.5

As of March 2021
DPP4i dipeptidyl peptidase 4 inhibitor, GLD glucose-
lowering drug, JPY Japanese yen, SGLT2i, sodium–glucose
cotransporter 2 inhibitor
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patients prescribed an SGLT2i and 7.0/1000
person-years among patients prescribed other
oral GLDs. Fukuma et al. [36] reported that the
incidence of progressing from CKD to ESRD was
13.3/1000 person-years among patients with
diabetes. Komuro et al. [20] reported that the
hazard ratio for the onset of CKD between
SGLT2i and oral GLD was 0.45. These parame-
ters were adopted in our model. Additionally,
information on patient-associated risk factors
and their impact on hospitalizations for HF, MI,
and stroke were derived from Japanese RWD
[17], and incorporated into the Monte Carlo
simulation (Table 4).

Quality of Life (Utility) Scores

The weighted average of the source studies
identified through the systematic review was
applied as a baseline utility score (Table 5). The
baseline utility value was set to 0.917 and the
magnitudes of utility decrements for HF, MI,
and stroke were 0.101, 0.055, and 0.164,
respectively.

Sensitivity Analyses

A one-way sensitivity analysis was carried out to
investigate the effect of each parameter inclu-
ded in the analysis. The net monetary benefit
(NMB) was used to represent the results, in
which the incremental QALY was converted

Table 2 Direct cost inputs (JPY) applied in the base-case
and sensitivity analyses

Variable Mean SEa Source

Hospitalization for HF

Base case 770,428 154,086 [24]

Lower 770,428 – [24]

Upper 991,240 – [25]

HF maintenance

Base case 1,207,920 845,544 [29]

Lower 160,000 – [29]

Upper 5,400,000 – [29]

MI event

Base case 2,156,290 431,258 [26]

Lower 991,078 – [26]

Upper 2,785,000 – [27]

MI maintenance

Base case 900,432 225,108 [26]

Lower 365,760 – [27]

Upper 1,115,750 – [30]

Stroke event

Base case 1,440,107 288,021 [26]

Lower 298,855 – [27]

Upper 1,596,639 – [28]

Stroke maintenance (annually)

Base case 1,160,562 290,141 [26]

Lower - 25% – [31]

Upper ? 25% –

ESRD maintenance (monthly)

Base case 350,000 Assumed

from [34, 35]Lower - 25%

Upper ? 25%

Table 2 continued

Variable Mean SEa Source

CKD maintenance (monthly)

Base case 30,000 Assumed

from [32, 33]Lower - 25%

Upper ? 25%

aGamma distribution was applied for the probabilistic
sensitivity analysis
CKD chronic kidney disease, ESRD end-stage renal dis-
ease, HF heart failure, JPY Japanese yen, MI myocardial
infarction, SE standard error
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into an incremental monetary benefit using the
willingness-to-pay value of JPY 5,000,000/QALY
gained. In order to explore the impact of joint

uncertainty in all model parameters, a proba-
bilistic sensitivity analysis (PSA) with 1,000,000
iterations was performed using the Monte Carlo

Table 3 Effect of the SGLT2i strategy versus the conventional GLD strategy on all-cause death, cardiovascular outcomes,
and renal outcomes

Outcome Risk ratio Rate for SGLT2ia Rate for other oral GLDsa Source

All-cause death 0.56 1.56 9 10-5 2.79 9 10-5 [19]

HF 0.75 1.92 9 10-5 2.55 9 10-5

MI 0.73 3.01 9 10-6 4.11 9 10-6

Stroke 0.66 8.49 9 10-6 1.29 9 10-5

Outcome HR Event rate for SGLT2i
(/1000 person-years)

Event rate for other oral GLD
(/1000 person-years)

Source

CKD 0.45 3.1 7.0 [20]

CKD chronic kidney disease, GLD glucose-lowering drug, HF heart failure, HR hazard ratio, MI myocardial infarction,
SGLT2i sodium–glucose cotransporter 2 inhibitor
aThe incidence of cardiovascular events over the modeled horizon was estimated by applying an exponential survival
distribution parameterized utilizing Japanese-specific event rates [19]

Table 4 Hazard ratios for hospitalization for HF, MI or stroke according to patient characteristics

Characteristic HF MI Stroke

sHR 95% CI sHR 95% CI sHR 95% CI

Age group

40–65 years 1 Reference 1 Reference 1 Reference

66–74 years 1.40 1.11–1.75 1.04 0.75–1.45 1.23 1.01–1.50

74–85 years 2.84 2.23–3.6 2.17 1.51–3.11 2.49 2.01–3.08

C 85 years 5.68 4.4–7.33 3.88 2.60–5.78 4.45 3.53–5.61

Sex

Male 1 Reference 1 Reference 1 Reference

Female 0.69 0.59–0.81 0.54 0.42–0.70 0.68 0.59–0.79

Baseline comorbidities

Hypertension 1.31 1.1–1.56 1.04 0.80–1.37 1.39 1.17–1.63

Cardiovascular disease 1.31 1.11–1.54 1.60 1.24–2.07 1.88 1.63–2.18

Hyperlipidemia 0.72 0.62–0.84 0.76 0.59–0.97 0.84 0.73–0.96

Initiated on combination therapy 1.55 1.25–1.93 1.54 1.10–2.16 1.41 1.16–1.73

All data were derived from [17]
CI confidence interval, HF heart failure, MI myocardial infarction, sHR subdistribution hazard ratio
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method [37]. Appropriate statistical distribu-
tions were assigned to each model input. For
each input value, the chosen distribution was
parameterized on the basis of the available
information (e.g., standard deviation and con-
fidence intervals). In addition, we applied four
scenario analyses with conservative approaches
under the following conditions: (1) SGLT2i

prevents death only after admission for a com-
plication (HF, MI, stroke, and ESRD); (2) there is
no treatment cost for HF, MI, and stroke in the
chronic phase (later than 1 year after admis-
sion); (3) all patients were in the lowest risk
category with no risk factors; and (4) all three
scenarios combined.

RESULTS

Base-Case Results

The expected total costs were JPY 1,638,806 for
the SGLT2i strategy and JPY 1,825,033 for the
conventional strategy. Thus, initiating an
SGLT2i saved JPY 186,277. The expected QALYs
were 8.732 and 8.513 for the SGLT2i and con-
ventional strategies, respectively. These results
indicate that the SGLT2i strategy was dominant,
being associated with less cost and greater
effectiveness, in the base-case scenario (Table 6).
The ICER value was not calculated because the
SGLT2i strategy was thought to be dominant.
According to the breakdown of costs, although
the antidiabetic medication costs were greater
in the SGLT2i strategy by JPY 206,130 compared
with the conventional strategy (SGLT2i strategy

Table 5 Utility

Variable Mean SE Source

Utility: T2DM without

complications

0.917 0.183a [57–59]

Disutility of HFb 0.101 0.031 [38]

Disutility of MI 0.055 0.006 [38]

Disutility of stroke 0.164 0.030 [38]

HF heart failure, MI myocardial infarction, SE standard
error, T2DM type 2 diabetes mellitus
aThe SE was assumed to be 20% of mean for the proba-
bilistic sensitivity analysis using a normal distribution
bThe published value was decreased by 6.75% to account
for history of HF at baseline in CVD-REAL 2

Table 6 Results of the base-case analysis: cost–utility
analysis, discounted and undiscounted, across a 10-year
horizon

SGLT2i
strategy

Conventional
strategy

Differencea

Discounted (2%)

Cost

(JPY)

1,638,806 1,825,033 - 186,227

QALY 8.732 8.513 0.219

LY 8.836 8.652 0.184

Undiscounted

Cost

(JPY)

1,844,213 2,055,413 - 211,200

QALY 9.602 9.349 0.253

LY 9.724 9.511 0.212

LY life years, QALY quality-adjusted life years, SGLT2i
sodium–glucose cotransporter 2
aSGLT2i strategy - conventional strategy

Fig. 2 Breakdown of costs. CKD chronic kidney disease,
ESRD end-stage renal disease, HF heart failure, JPY
Japanese yen, MI myocardial infarction, SGLT2i
sodium–glucose cotransporter 2 inhibitor
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vs conventional strategy: JPY 548,767 vs
JPY 342,637, respectively), the complication-re-
lated costs were lower with the SGLT2i strategy
by JPY 392,357 (JPY 1,090,039 vs JPY 1,482,396,
respectively) (Fig. 2). All of the complication-
related costs examined were lower with the
SGLT2i strategy than with the conventional
strategy.

The SGLT2i strategy saved 410 deaths per
10,000 patients over the 10-year horizon
(SGLT2i strategy vs conventional strategy: 552

vs 962 deaths) (Table 7). SGLT2i also reduced
the development of all complications, as fol-
lows: 201 HF events (897 vs 1098, respectively),
83 MIs (305 vs 389, respectively), 306 strokes
(759 vs 1065, respectively), and 16 ESRDs (16 vs
32, respectively) per 10,000 patients. The total
cost saving associated with the SGLT2i strategy
was JPY 1.86 billion (JPY 16.39 billion vs
JPY 18.25 billion) per 10,000 patients versus the
conventional strategy.

Table 7 Results of the base-case analysis: incidence of events/10,000 person over the 10-year horizon

Outcome SGLT2i strategy Conventional strategy Differencea

All-cause deaths 552 962 - 410

HF 897 1098 - 201

MI 305 389 - 83

Stroke 759 1065 - 306

ESRD 16 32 - 16

Total cost (billion JPY)

Discounted (2%) 16.388 18.250 - 1.862

Undiscounted 18.442 20.554 - 2.112

ESRD end-stage renal disease, HF heart failure, JPY Japanese yen, MI myocardial infarction, SGLT2i sodium–glucose
cotransporter 2
aSGLT2i strategy - conventional strategy

Fig. 3 One-way sensitivity analysis. The tornado plot
shows the incremental cost-effectiveness ratio for each
model input parameter. EV equivalent variation, HF heart

failure, MI myocardial infarction, NMB net monetary
benefit, QOL quality of life, SGLT2i sodium–glucose
cotransporter 2 inhibitor
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Sensitivity Analyses

A tornado plot of the one-way sensitivity anal-
ysis is shown in Fig. 3. In all analyses, the NMB
values were positive, which indicates that the

SGLT2i strategy is the cost-effective option. The
incidence rate of all-cause death in both strate-
gies, followed by the cost of HF in the chronic
phase, had the greatest impact on the results.
Broad range of HF maintenance cost
(JPY 160,000 to JPY 5,400,000), largely due to

Table 8 Scenario analyses

Scenario Cost (JPY) QALY

SGLT2i
strategy

Conventional
strategy

Differencea SGLT2i
strategy

Conventional
strategy

Differencea ICER

1 1,618,043 1,827,426 - 209,383 8.554 8.503 0.052 Dominant

2 821,748 741,448 80,300 8.726 8.497 0.228 351,999

3 1,286,199 1,372,707 - 86,508 8.765 8.554 0.211 Dominant

4 761,595 685,633 75,963 8.599 8.566 0.033 2,288,035

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life years, SGLT2i sodium–glucose cotransporter 2
aSGLT2i strategy - conventional strategy

Fig. 4 Probabilistic sensitivity analysis. The scatterplot
shows results of 1,000,000 Monte Carlo simulations in the
cost-effectiveness plane. ICER incremental cost-

effectiveness ratio, JPY Japanese yen, QALY quality-
adjusted life years, SGLT2i sodium–glucose cotrans-
porter 2 inhibitor

Diabetes Ther (2022) 13:1367–1381 1375



small sample size of the original study [29], may
account for its large impact on the results.

The results of the four scenario analyses are
shown in Table 8. The SGLT2i strategy was
dominant in scenarios 1 and 3. Although the
SGLT2i strategy was more costly but more
effective in scenarios 2 and 4, their ICERs in
both scenarios (scenario 2: JPY 350,000; scenar-
io 4: JPY 2,300,000) were well below the
threshold value of JPY 5,000,000/QALY.

The PSA revealed that the probability of
dominance was 90.5% for the SGLT2i strategy
(Fig. 4). Under all remaining cases, or 9.5% of
iterations, the SGLT2i strategy was cost-effec-
tive, with ICER values below JPY 5,000,000/
QALY.

DISCUSSION

In the present study, we have demonstrated an
economic benefit of initiating antidiabetic
therapy with an SGLT2i by using a model of
GLD-naive patients with T2DM. In the base-case
scenario, initiating glucose-lowering therapy
with an SGLT2i decreased the total costs and
increased the earned-QALYs compared with the
conventional GLD strategy. Although the
medication cost of the SGLT2i strategy was
higher, the total cost was decreased owing to
lower costs of managing cardiovascular and
renal complications. We performed several
sensitivity analyses, including scenario analyses
with conservative assumptions, and the results
were consistent with the base-case analysis.
Furthermore, the PSA demonstrated that the
probability of dominance was 90.5%. The most
common scenario in cost-effectiveness analyses
is that a new treatment strategy improves the
clinical outcome at increased cost, and the
estimated value is derived using the ICER. In the
present study, however, the SGLT2i strategy was
dominant, with improved clinical outcomes
and decreased cost, which indicates that initi-
ating antidiabetic therapy with an SGLT2i offers
extreme value from both clinical and economic
perspectives.

Several simulation models for health eco-
nomic assessments of diabetes have been
reported; however, they were mainly conducted

in Western countries [38–43]. The healthcare
systems differ between Japan and other coun-
tries, and the clinical characteristics differ
between Japanese and Caucasian patients with
T2DM [44–46]. In addition, biguanides are pre-
dominantly used as the first-line GLD in Wes-
tern countries, whereas DPP4i are the most
commonly prescribed initial GLD in Japan
[47, 48]. Considering these differences, the
health economic impact of antidiabetic drugs in
Japanese patients should be assessed using
Japanese data. To our knowledge, this is the first
study to report the health economics of initi-
ating an SGLT2i in patients with T2DM using
Japanese RWD taking into account cardiovas-
cular and renal complications. Furthermore,
RWD are potentially more suitable than data
from a randomized controlled trial because the
latter may not fully capture patient outcomes in
daily clinical practice. In the present study, we
developed a patient-level microsimulation
model using Japanese RWD to assess T2DM-re-
lated cost in Japanese clinical practice. The
microsimulation model provides estimates
based on the demographics of the target patient
population, including sex and age distribution,
which enabled us to consider the characteristics
of the target patient population. We used data
from Shizuoka prefecture because its demo-
graphic distribution is similar to that of Japan.
Including data from other regions will permit
region-specific assessment of the clinical and
economic impact, which could be implemented
in healthcare policy planning by local govern-
ment. The present model did not consider labor
loss or cost of caregivers because this informa-
tion is limited in Japan. The inclusion of this
information in future studies will enable
researchers to evaluate the effectiveness of
SGLT2i in the context of value-based healthcare
more comprehensively.

In the current study, we set CKD as a risk
factor of ESRD and its effect on other clinical
events was not evaluated, even though it is a
strong risk factor for development of HF and
other cardiovascular diseases [5, 17, 49]. There-
fore, the current model probably underesti-
mates the clinical and economic impact of
CKD. Consequently, we probably underesti-
mated the benefits of the SGLT2i strategy
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because SGLT2i has been shown to reduce the
risk of cardiovascular death and hospitalization
for HF hospitalization, as well as renal events, in
patients with T2DM [7–12, 50].

The rate of SGLT2i use as the initial GLD was
low in a study using an administrative claims
database of a municipal government health
insurance program [17]. A notable finding of
that study was that only 2.2% of patients with
T2DM were prescribed SGLT2i as an initial GLD
even though they met the inclusion criteria of
the EMPA-REG outcome or DECLARE-TIMI 58
studies [7, 9]. Those data may indicate that the
burden of cardiovascular and renal diseases is
not fully recognized. Although multifactorial
interventions successfully reduce the risk of
atherosclerotic cardiovascular diseases in
patients with T2DM [51, 52], the incidence of
HF remains high even after controlling for risk
factors, including blood pressure and lipids
within their target ranges [53]. Furthermore,
CKD and HF develop from the early stages of
T2DM and place a substantial burden on the
prognosis of T2DM [5, 18], underscoring the
need for early detection and early intervention.
Recent real-world studies have demonstrated
that the use of SGLT2i is associated with a
slower decline in renal function [54] and lower
incidence of cardiovascular events [17]. Another
real-world study demonstrated an association
between SGLT2i use and reduced risk of devel-
oping CKD and HF in patients with T2DM
without cardiovascular or renal complications
[20]. Considering the beneficial effects of
SGLT2i on risk of CKD and HF, prescribing an
SGLT2i from the early stage of diabetes may
improve the prognosis and quality of life of
patients with T2DM. The results of our study
support this notion from both clinical and
health economic perspectives.

The National Institute for Health and Care
Excellence guidelines [55] and the ADA [56]
guidance for managing diabetes refer to health
economic evaluations, and include the medi-
cation cost as a factor to be considered when
selecting the pharmacological treatment. In
Japan, however, cost-effectiveness analyses are
rarely used in treatment policies. In 2019, the
Japanese Ministry of Health, Labor and Welfare
introduced cost-effectiveness evaluation into

drug price adjustment, and innovative drugs
with higher price or large total sales are subject
to this assessment. Because of the increase in
medical expenses due to advances in medical
technologies and societal aging, there is grow-
ing importance of health economic analyses.
Further discussion on how to incorporate
health economic analyses into healthcare pol-
icy and clinical practice in Japan is needed in
order to provide treatment options with estab-
lished therapeutic benefits and cost-effective-
ness to patients and improve their overall
outcomes.

The present study has some limitations. First,
the results were derived from a model simula-
tion rather than actual data. Nonetheless, we
used RWD to develop the model to closely
reflect Japanese clinical settings. Second, there
were limited data on the maintenance cost of
each complication, a topic that warrants further
investigation. Third, the present study only
targeted patients with T2DM. Considering the
clinical benefit of SGLT2i in patients with HF or
CKD, regardless of diabetes [10, 12], a model
that includes patients with or without diabetes
would allow for a more comprehensive assess-
ment of the health economic effect of SGLT2i.

CONCLUSIONS

We performed health economic assessments of
initiating an oral GLD in Japanese patients with
T2DM using a microsimulation model that
considering diabetes-related complications. The
results demonstrate that initiating SGLT2i in
patients with T2DM results in reduced clinical
events and improved costs from a Japanese
healthcare perspectives.
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