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ABSTRACT

Introduction: Sodium glucose co-transporter-2
inhibitors (SGLT2i) have been on the market for
5 years in Japan. We explored the real-world
effectiveness of SGLT2i in Japan.
Methods: We retrospectively analyzed two
large Japanese administrative databases from
JMDC Inc.: insurance-dataset (I-dataset) and
Medical Data Vision Co. Ltd. [hospital-dataset
(H-dataset)]. Patients who newly started SGLT2i
or other oral antidiabetic drugs (OADs) between
1 April 2014 and 31 March 2016 were selected
for this analysis and followed for 1 year from
the index date. Changes in glycated hemoglo-
bin (HbA1c), body mass index (BMI), and esti-
mated glomerular filtration rate (eGFR) were
evaluated during the 1-year period.

Results: A total of 127,961 patients in the
H-dataset and 26,436 in the I-dataset were
included in this analysis. Baseline HbA1c, BMI,
and eGFR levels tended to be higher in SGLT2i
users than in other OAD cohorts. After 1 year,
44.3% (I-dataset) and 53.3% (H-dataset) of
SGLT2i users and 33.0–44.2% (I-dataset) and
47.0–58.1% (H-dataset) of other users were still
on their medications. The mean HbA1c level
decreased by - 0.7 to - 0.9% in SGLT2i users
versus - 0.4 to - 1.5% in the other cohorts. The
mean BMI decreased by - 0.8 kg/m2 in SGLT2i
users whereas the change in other cohorts was
- 0.5 to 0.4 kg/m2. No clinically relevant
changes in eGFR were observed over the period.
Conclusion: This study showed that around
half of the SGLT2i users were still on medication
after 1 year from treatment initiation. Initiation
of SGLT2i was associated with improvement in
HbA1c and BMI, with no abnormal changes in
renal function observed in the first year fol-
lowing treatment. These findings support the
results from clinical trials and will expand the
existing evidence of SGLT2i use in real-life
practice in Japan.
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INTRODUCTION

Uncontrolled hyperglycemia can lead to a host
of micro- and macrovascular complications in
patients with diabetes. The main goals of dia-
betes treatment are to achieve optimal glycemic
control and reduce the risks of these complica-
tions [1]. Patients with type 2 diabetes mellitus
(T2DM) are often overweight or obese, and they
are at an increased risk for cardiovascular (CV)
comorbidities. In addition to adequate glycemic
control, weight management is recognized as an
important aspect of diabetes management in
patients with T2DM [1]. Patients with T2DM
also have increased risk of adverse renal out-
comes [2]. Hence, antidiabetic drugs that offer
good glycemic control, with the additional
benefits of weight loss and renoprotection,
would be desirable treatment options for
patients with T2DM.

Between April 2014 and February 2015, six
sodium glucose co-transporter-2 inhibitors
(SGLT2i), ipragliflozin, dapagliflozin, luseogli-
flozin, tofogliflozin, canagliflozin, and empa-
gliflozin, were approved in Japan for the
treatment of patients with T2DM [3–11].
SGLT2i are a class of oral antidiabetic drug
(OAD), which lowers blood glucose levels by
inhibiting glucose reabsorption within the kid-
neys, resulting in urinary glucose excretion and
consequent loss of calories [12]. The efficacy
and safety of SGLT2i in Japanese patients with
T2DM have been well established in clinical
trials [3–11]. Results from clinical trials showed
that SGLT2i reduced glycated hemoglobin
(HbA1c), with the added benefit of weight loss
when used either alone or in combination other
OADs [3–11]. Recently, SGLT2 inhibition has
been associated with additional renoprotective
effects in patients with T2DM [13–17].

In Japan, a few studies have evaluated the
clinical effectiveness of SGLT2i in patients with
T2DM in the real-world setting [18–21]. These
studies examined selected SGLT2i compounds
[18–21] and were mostly conducted only in
elderly patients [19–21]. More data on the
clinical effectiveness of SGLT2i treatment in
Japanese patients are needed to guide real-life
practice and treatment planning. Previously, we

reported the characteristics of SGLT2i users in
the first 3 years following the launch of SGLT2i
in Japan, using data obtained from three large
Japan-specific administrative databases [22].
Here, we further examined the changes in
clinical measures [HbA1c, body mass index
(BMI), estimated glomerular filtration rate
(eGFR)] in the first year after treatment initia-
tion among SGLT2i users to expand on the
limited data in these areas.

METHODS

This was a retrospective study using two
administrative databases from Japan. The pro-
tocol for this study was approved by the Medical
Affairs Japan Protocol Review Committee on 22
June 2017 prior to study commencement. As
the study only used existing data in the data-
bases, written informed consent was not
required. This study was conducted in compli-
ance with the guidelines for Good Pharma-
coepidemiology Practice [23]. Clinical trial
registration was not required for this study
because it was not a prospective study and did
not involve any intervention.

Data Sources

In this analysis, two independent databases
were used: a hospital-based database provided
by Medical Data Vision Co. Ltd. [24] (H-dataset)
and an insurance claims database, linked to
annual health checkup data provided by JMDC
Inc. [25] (I-dataset). The H-dataset contained
Diagnosis Procedure Combination (DPC) data
and transaction level billing data for[ 17 mil-
lion outpatients and inpatients from 287 DPC
hospitals nationwide (at the time of the study).
Approximately 10% of the member hospitals
also provided selected blood test results (e.g.,
HbA1c, serum creatinine). The H-dataset cov-
ered all age groups and captured a larger num-
ber of patients. However, it has limited follow-
up ability. The I-dataset contained medical and
prescription claims of 3.8 million employees
and their dependents, and annual health
checkup data were provided for approximately
2 million of them (at the time of the study). The
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I-dataset has continuous follow-up ability
regardless of the medical institution; however,
subjects were mostly aged B 65 years, and no
subjects aged C 75 years were included.

Study Population

The base study cohorts were selected as descri-
bed elsewhere [22]. For this analysis, eligible
patients were further selected. Patients
aged[18 years as of 1 April 2014 were eligible.
The index date was defined as the earliest pre-
scription date of an OAD [SGLT2i, alpha-glu-
cosidase inhibitors (alpha-GI), biguanides (BG),
dipeptidyl peptidase-4 inhibitors (DPP-4i),
glinides, sulfonylureas (SU), and thiazolidine-
diones (TZD)] recorded between 1 April 2014
and 31 March 2016; this had to be preceded by
at least 6 months of no use of the index OAD.
All SGLT2i new users were selected, and the rest
were then allocated to the other OAD new user
cohorts (by class). The cohorts were followed for
1 year from the index date. Patients who star-
ted C 2 OADs on the index date were excluded.
The code list has been described previously [22].
Patients with T2DM were selected by excluding
patients diagnosed as ‘‘diabetes otherwise spec-
ified.’’ For the I-dataset only, patients who
had\ 6 month enrollment prior to the index
date were excluded from the study cohort.
Patients who were hospitalized at the index date
were excluded from the analysis.

Patients were then divided into sub-cohorts
according to the availability of baseline HbA1c,
BMI, or eGFR values (with an allowance
of ± 30 days). The I-dataset had all three clini-
cal measures, while in the H-dataset, the BMI
value was only available from inpatients and
therefore was not used in this analysis. If mul-
tiple values were available within this period,
the closest one to the index date was chosen.

Study Assessments

Patients in each OAD cohort were first evaluated
for continued use of the index medication every
90 days: month 3 (M3), month 6 (M6), month 9
(M9), and month 12 (M12). For the I-dataset,
only the M12 evaluation point was used

because laboratory results were obtained from
annual health checkup data. Patients were
considered still on the index prescription if the
days of supply encompassed each evaluation
time point (i.e., M3, M6, M9, and M12). Con-
tinued use was assessed only among those still
on medication at the previous evaluation point.
For example, continued use at M6 was assessed
only among those continuing at M3. Continu-
ation at M9 and M12 was determined in a
similar manner.

At each 90-day evaluation point, patients in
each sub-cohort (HbA1c, BMI, and eGFR) were
evaluated for change from baseline in HbA1c,
BMI, and eGFR by index OADs if they met the
criteria for continued use at each evaluation
point and had at least one HbA1c, eGFR, or BMI
value at each evaluation point (with an allow-
ance of ± 30 days). If multiple data values were
available within this period, the closest one to
each evaluation point was chosen.

Statistical Analysis

The data in each dataset were analyzed sepa-
rately (no pooled assessment). Baseline and
change from baseline in HbA1c, BMI, and eGFR
values at each evaluation point were descrip-
tively summarized. HbA1c values were also
categorized as:\7.0%, 7.0–\ 7.5%, 7.5–\8.0%,
8.0–\8.5%, and C 8.5%. eGFR values were cat-
egorized as C 60, 30–\60, and\ 30 ml/min/
1.73 m2, according to eGFR categories G1–G2,
G3, and G4 or above, respectively, in chronic
kidney disease. All analyses were performed
using SAS� Studio Release 3.5 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Patient Demographics and Baseline
Characteristics

In total, 127,961 patients in the H-dataset and
26,436 patients in the I-dataset were evaluated.
Among them, 12,654 and 10,987 patients were
included in the HbA1c and eGFR sub-cohorts,
respectively, in the H-dataset and 1442, 1641,
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and 799 patients were included in the Hb1Ac,
BMI, and eGFR sub-cohorts, respectively, in the
I-dataset. The number of patients at baseline
and each evaluation point is shown in Table S1.
After 1 year, 44.3% (I-dataset) and 53.3% (H-
dataset) of SGLT2i users and 33.0–44.2% (I-
dataset) and 47.0–58.1% (H-dataset) of other
users were still receiving their index
prescriptions.

The baseline characteristics of each sub-co-
hort are presented in Tables 1, 2, and 3. Patients
who did not have baseline HbA1c, BMI, or eGFR
values had a demographic profile fairly similar
to those who had baseline values (Table S2–S4).

The mean baseline HbA1c level tended to be
higher in SGLT2i users than in other OAD
cohorts in the H-dataset; it was comparable
among all OAD cohorts (except for SU users and
a-GI users) in the I-dataset (Table 1). SGLT2i
users had the highest proportion of patients
who had HbA1c C 8.5% at baseline in the
H-dataset (Fig. 1a). The proportion was fairly
similar across all OAD cohorts (apart from a-GI
users) in the I-dataset (Fig. 1b). The mean base-
line BMI tended to be higher in SGLT2i users
compared with other OAD cohorts (Table 2).
The mean baseline eGFR values tended to be
higher in SGLT2i users than in other OAD
cohorts (except for BG users) in the H-dataset; it
was broadly similar across the OAD cohorts in
the I-dataset (Table 3). SGLT2i users and BG
users had the highest proportion of patients
with eGFR[60 ml/min/1.73 m2 at baseline
(83.1% and 83.3%, respectively, vs. 56.7–70.5%
in other cohorts) in the H-dataset. The propor-
tion was comparable between SGLT2i and other
OAD cohorts (88.8% and 80.4–100.0%, respec-
tively) in the I-dataset.

Change from Baseline in Clinical Measures

A notable increase in the proportion of patients
who had HbA1c level\ 7% was observed in all
OAD cohorts at 12 months (Fig. 1). The increase
among SGLT2i users (19.6–22.6%) was broadly
similar to the other OAD cohorts [a-GI
(13.8–21.1%), glinide (12–27.4%), SU
(14.4–36.8%), and TZD (12.4–19.6%)], except
for BG users (26.5–34.9%) and DPP-4i users

(26.1–32.2%). HbA1c levels decreased from
baseline in each OAD cohort in the datasets
over the 12-month period (Fig. 2). The reduc-
tion in HbA1c level at 12 months was slightly
greater in SGLT2i users, BG users, and DPP-4i
users than in other OAD cohorts in the
H-dataset; it was comparable across all OAD
cohorts (except for DPP-4i users and SU users) in
the I-dataset.

Figure 3 illustrates the change in BMI at
12 months after treatment initiation by index
OAD class. At 12 months, BMI decreased in
SGLT2i users, a-GI users, and BG users, with the
greatest reduction noted in SGLT2i users,
whereas minimal change in BMI or increased
BMI was noted in the other cohorts. Change in
eGFR over the first 12 months following treat-
ment initiation by index OAD class is shown in
Table S5. No clinically relevant changes in eGFR
were noted in all OAD cohorts in the datasets
over the 12-month period. Figure 4 illustrates
the proportion of patients at each eGFR cate-
gory at baseline and 12 months following
treatment initiation. No marked changes in the
proportion of patients in each eGFR category
were observed across all OAD cohorts at
12 months.

DISCUSSION

The results from this analysis of data obtained
from two large administrative databases in
Japan showed that around half of the SGLT2i
users were still receiving their prescribed medi-
cations at 1 year following treatment initiation.
In patients who continued SGLT2i treatment,
HbA1c and BMI decreased substantially from
baseline at 1 year following treatment. No sub-
stantial changes in renal function were noted.

As we previously reported, SGLT2i users were
younger than other OAD users [22]. Because the
I-dataset does not contain data for patients [
75 years old, a relatively larger proportion of
patients received SGLT2i in the I-dataset
(22.3–25.9%) than in the H-dataset
(11.0–11.5%). In this study, 44.3% and 53.3% of
SGLT2i users in the I-dataset and H-dataset,
respectively, were still receiving their prescrip-
tions at 1 year following initiation. Although we
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did not perform persistence analysis (e.g., time
to discontinuation), this broadly concurs with
the results of a recent study using the same
databases, which reported 12-month persis-
tence of SGLT2i treatment within the ranges of
53.5–62.8% in the insurance claims database
and 63.4–66.4% in the hospital-based database
[26].

The improvements in clinical measures
observed in SGLT2i users in our study are
broadly consistent with the results of clinical
trials of SGLT2i in Japanese patients with T2DM
[4, 7–11]. SGLT2i treatment, either alone or in
combination with other OADs, was associated
with HbA1c reductions in the range of - 0.5 to
- 1.3% at the end of the 1-year observation
period in the clinical trials [4, 7–11], and our
study found that SGLT2i users had HbA1c
reduction of - 0.7 to - 0.9%. Also, in the
clinical trials, patients receiving SGLT2i as a
monotherapy or as an add-on to other OADs for
a year had weight losses in the range of
2.0–5.5 kg [4, 7–9]. Our datasets did not have
data on weight, but we found a substantial
reduction in BMI (- 0.8 kg/m2). No clinically
relevant changes in renal function were
observed in either the clinical trials [4, 7–11] or
our study. Some clinical trials have demon-
strated favorable effects on renal outcomes and
delayed progression of kidney disease with
SGLT2 inhibition [13–17]; longer follow-up of
the patients may be warranted.

Our findings also concur with the results of
post-marketing studies of ipragliflozin, tofogli-
flozin, and canagliflozin in Japanese patients
with T2DM [18–21], with HbA1c reduction of
- 0.5% to - 0.8%, weight reductions of
- 2.7 kg to - 2.9 kg, and mean change in eGFR
of - 0.5 to - 2.3 ml/min/1.73 m2 at the end of
the 1-year treatment.

Our findings need to be interpreted within
the limitations of this study. Some of these
limitations have already been described [22].
First, effectiveness was measured only in
patients who continued index medication at
each evaluation point; hence, the results are
subject to survival bias. Although we allowed
any add-on treatment in this analysis, patients
who did not respond to their treatment might
have switched to other OAD. In addition, we doT
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not know if the medications were taken by the
patients as prescribed in this study. Next, inpa-
tients were excluded from the analysis because
it is likely that the ‘‘index date’’ was the first date
patients appeared in the hospital for some other
reasons (e.g., surgical operation) rather than the
date they truly started their index medication.
In the H-dataset, patients may have reasons to
take a blood test other than diabetes control
(i.e., HbA1c value), and the results may not be
totally generalizable. Nevertheless, the demo-
graphic characteristics of these subsets were
largely similar to patients who did not have the
clinical measurements of interest. The H-dataset
included only DPC hospitals, and patients may
have had prescriptions from other hospitals

before the index date or after discontinuation.
Therefore, the index prescriptions may not be
truly the first prescription for some patients, or
patients may have continued the index medi-
cation elsewhere. The limitations of the
H-dataset were not applicable to the I-dataset,
but the latter lacked elderly patients.

CONCLUSIONS

This study showed the effectiveness of SGLT2i
in the real-world setting in Japan. These find-
ings support and add to the current body of
evidence in Japanese patients and can inform

Fig. 1 Percentage of new users at each HbA1c category at
baseline and 12 months by index OAD class in aH-dataset
and b I-dataset. a-GI alpha-glucosidase inhibitors, BG
biguanides, BL baseline, DPP-4i dipeptidyl peptidase-4
inhibitors, HbA1c glycated hemoglobin, H-dataset hospital

dataset, I-dataset insurance claims dataset,M12 12 months,
OADs oral antidiabetic drugs, SGLT2i sodium glucose co-
transporter-2 inhibitors, SU sulfonylureas, TZD
thiazolidinediones
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the use of SGLT2i for the treatment of diabetes
in real-life practice.
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