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ABSTRACT

Introduction: This study aimed to identify drug
utilization patterns in patients initiating
sodium glucose co-transporter-2 inhibitors
(SGLT2i) in the first 3 years of their launch in
Japan.
Methods: This was a retrospective study using
three administrative databases in Japan: a
pharmacy claims database, a hospital-based
database, and an insurance claims database.
Prescription data were extracted from adult
outpatients with diabetes who started SGLT2i
between April 2014 and March 2017 to evaluate
pre-index and concomitant medications. For
glimepiride and insulin co-users, dose at SGLT2i
add-on was also assessed.

Results: Data from a total of 14,861 patients in
the pharmacy dataset (P-dataset), 27,039 in the
hospital dataset (H-dataset), and 12,408 in the
insurance dataset (I-dataset) were analyzed. The
majority of SGLT2i new users (ca. 70%) were
taking one to three concomitant antidiabetic
medications. Around half of SGLT2i initiators
used dipeptidyl peptidase 4 inhibitors and/or
biguanides before using SGLT2i or concomi-
tantly with SGLT2i. The average daily glime-
piride dose decreased from 2.1 mg/day during
the pre-index period to 1.8 mg/day at SGLT2i
add-on in the P-dataset and from 1.9 to
1.7 mg/day in the both H- and I-datasets,
respectively, with a decreasing trend observed
during the first 3 years of launch. The average
daily insulin dose at SGLT2i add-on was higher
during the first 15 months of launch and then
decreased thereafter. Nearly 40% or more
SGLT2i new users were taking at least five con-
comitant medications: cardiovascular agents
were predominantly co-prescribed.
Conclusion: SGLT2i were frequently used as
second- or later-line treatment and as part of a
dual, triple, or quadruple regimen, as well as co-
prescribed with many other medications in the
first 3 years of their launch. For SGLT2i users
taking concomitant SU or insulin medications,
the average daily doses of SU and insulin at
SGLT2i add-on decreased slightly over the study
period.
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INTRODUCTION

The prevalence of diabetes in Japan is projected
to reach 9.8% by 2030 and affect 9.7 million
people [1]. Type 2 diabetes mellitus (T2DM)
accounts for around 90% of patients with dia-
betes and is a global public health concern [2].
T2DM and its associated complications have a
detrimental impact on patients’ quality of life
and place an enormous burden on the patients,
family, and society [2].

Sodium glucose co-transporter-2 inhibitors
(SGLT2i) are a new class of oral antidiabetic
drugs (OADs), which operate independently of
insulin action and are not affected by the degree
of insulin resistance or level of b-cell function
[3]. SGLT2i reduce blood glucose by inhibiting
the renal reuptake of glucose and promoting
urinary glucose excretion, with a consequent
loss of calories and reduced body weight [3–5].
Six SGLT2i compounds, ipragliflozin, dapagli-
flozin, luseogliflozin, tofogliflozin, canagli-
flozin, and empagliflozin (in order of date of
launch), were introduced in Japan between
April 2014 and February 2015 for use as
monotherapy or as add-on to other antidiabetic
medications in adults with T2DM [6–14]. A
recent systematic review and meta-analysis of
clinical trials of SGLT2i in patients with T2DM
reported that SGLT2i reduce hospitalization for
heart failure and progression of renal disease
[15].

In patients with T2DM who failed to
achieve target glycated hemoglobin (HbA1c)
with lifestyle modification and first-line agent,
combination therapy with another antidiabetic
agent with a different mechanism of action is
usually recommended [16–18]. International
guidelines recommend to consider SGLT2i as
one of the options for second-line therapy in
patients with T2DM who have chronic cardio-
vascular disease or chronic kidney disease, or
in those who have compelling needs to mini-
mize hypoglycemia or weight gain [16, 17],
whereas the Japan Diabetes Society

recommends that the choice of antidiabetic
agents should be based on the disease condi-
tion of individual patients with consideration
given to the pharmacological and safety profile
of each antidiabetic agent [18]. In order to
manage the potential risk of hypoglycemia, the
package inserts for SGLT2i state that the dose
for sulfonylureas (SU) or insulin should be
reduced when adding SGLT2i to either of these
agents [19–24]. It is essential to reduce the
insulin dose cautiously, especially in patients
with decreased insulin secretion to minimize
the risk of ketoacidosis [25]. Also, for patients
on diuretics, physicians are advised to take into
consideration the diuretic effects of SGLT2i
when starting treatment to avoid excessive
fluid loss [19–24].

Previous studies have reported the prescrip-
tion patterns of OADs [26–29], but relevant data
on SGLT2i as a class are still limited in Japan
[30], especially for details on concomitant
medications, such as SU or insulin dose at
SGLT2i add-on. We previously reported the
characteristics of SGLT2i new users who tended
to be younger and have a higher prevalence of
hypercholesterolemia, a higher body mass
index, and a higher HbA1c level than new users
of other OADs [31]. Here, we further examined
pre-index and concomitant medication use in
SGLT2i new users in the first 3 years of SGLT2i
launch in Japan.

METHODS

This was a retrospective, cross-sectional analysis
using three distinct Japanese administrative
databases to characterize drug utilization pat-
terns in SGLT2i new users. The study protocol
was approved by the Medical Affairs Japan Pro-
tocol Review Committee on 22 June 2017
before study commencement. As the study only
involved analysis of pre-existing data from the
data sources and the data were anonymized,
written informed consent was not required,
according to applicable regulations in Japan
[32, 33]. This study was conducted in accor-
dance with the guidelines for Good Pharma-
coepidemiology Practice [34].

2234 Diabetes Ther (2019) 10:2233–2249



Data Sources

Three data sources were used: (1) a pharmacy
claims database provided by Kyowa Kikaku Ltd.
consisting of dispensing claims from over 800
panel pharmacies nationwide, which provided a
coverage of approximately 2% of all out-of-
hospital dispensing claims [35]; (2) a hospital-
based database provided by Medical Data Vision
Co. Ltd. including medical and pharmacy
claims from 287 Diagnosis Procedure Combi-
nation (DPC) hospitals nationwide (at the time
of the study) from more than 17 million out-
patients and inpatients [36]; and (3) an insur-
ance claims database provided by JMDC Inc.,
containing medical and prescription claims of
3.8 million employees and their dependents
who were mostly aged 65 years or less [37, 38].

Details of these databases were described else-
where [39].

Study Population

The study population was SGLT2i new users
who were identified using the methods previ-
ously described [31]. The patient flow is pre-
sented in Fig. 1. Briefly, three separate study
datasets were developed from each database:
pharmacy dataset (P-dataset; from pharmacy
claims database), hospital dataset (H-dataset;
from hospital-based database), and insurance
dataset (I-dataset; insurance claims database).
The P-dataset was considered as the primary
dataset because it included data from both small
clinics and large hospitals, and had no limita-
tion in patients’ age. The H-dataset was used
because it was one of the largest commercially

Fig. 1 Patient flow for SGLT2i new users. As a result of
the different nature of the datasets, certain exclusion
criteria were only applicable to the datasets indicated by a
dagger. P-dataset: From a pharmacy claims database using
data from over 800 pharmacies nationwide which provided
a coverage of approximately 2% of all outpatient prescrip-
tions. H-dataset: From a hospital-based administrative
database constructed from data for inpatients and

outpatients from 287 Diagnosis Procedure Combination
(DPC) hospitals. I-dataset: From an insurance claims
database containing medical and prescription claims of
3.8 million employees and their dependents who were
mostly aged 65 years or less. FDC fixed-dose combination,
non-T2DM non-type 2 diabetes mellitus, OADs oral
antidiabetic drugs, SGLT2i sodium glucose co-transporter-
2 inhibitors
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available data sources in Japan: no significant
differences in patients’ characteristics were
identified between the H-dataset and P-dataset
in our previous analysis [31]. The I-dataset was
used because of its complete follow-up ability
for the patients. Each dataset included all
patients who were aged at least 18 years as of 1
April 2014 and started SGLT2i between 1 April
2014 and 31 March 2017 (study period).
Patients who met any of the following criteria
were excluded: (1) diagnosis of diabetes other
than T2DM (only applicable to the H- and
I-datasets); (2) started SGLT2i together with
other OADs at the index date; and (3) did not
have a 6-month enrollment period prior to the
index date (only applicable to the I-dataset).
The index date was defined as the first pre-
scription date of any SGLT2i product. Patients
who were hospitalized at the index date were
excluded from the analysis for better generaliz-
ability (only applicable to the H- and I-datasets).

Two subcohorts were further derived from
each study dataset. One was the SU subcohort,
including patients who used SU during the pre-
index period and continued the same subclass
of SU (either glimepiride, glibenclamide, or gli-
clazide) at the index date (i.e., SGLT2i was
added to SU). Because more than 80% of such
patients used glimepiride, only data for the gli-
mepiride subcohort is presented. The other was
the insulin subcohort, including patients who
used insulin during the pre-index period and on
the index date, plus at least one post-index
insulin prescription within 3 months from the
index date.

Study Assessments

Pre-index and concomitant antidiabetic medi-
cations, and other concomitant medications,
including diuretics, were assessed. Antidiabetic

Table 1 Demographics and prescription information for SGLT2i new users

P-dataset (N = 14,861) H-dataset (N = 27,039) I-dataset (N = 12,408)

Median age, years (IQR) 59 (50–68) 59 (49–67) 52 (46–58)

Gender, male, n (%) 9212 (62.0) 16,839 (62.3) 9073 (73.1)

Number of pre-index antidiabetic medications

Mean (SD) 2.1 (1.3) 2.3 (1.3) 2.2 (1.3)

Median (IQR) 2 (1–3) 2 (1–3) 2 (1–3)

Number of concomitant antidiabetic medications (by class)

Mean (SD) 1.7 (1.3) 2.0 (1.3) 1.8 (1.3)

Median (IQR) 2 (1–3) 2 (1–3) 2 (1–3)

Number of any concomitant medication (by product)a

Mean (SD) 4.8 (3.3) 5.4 (3.5) 4.1 (2.7)

Median (IQR) 4 (2–7) 5 (3–7) 4 (2–6)

P-dataset: From a pharmacy claims database using data from over 800 pharmacies nationwide which provided a coverage of
approximately 2% of all outpatient prescriptions
H-dataset: From a hospital-based administrative database constructed from data for inpatients and outpatients from 287
Diagnosis Procedure Combination (DPC) hospitals
I-dataset: From an insurance claims database containing medical and prescription claims of 3.8 million employees and their
dependents that were mostly aged B 65 years
IQR interquartile range, SD standard deviation, SGLT2i sodium glucose co-transporter-2 inhibitors
a Based on Ministry of Health, Labour and Welfare drug classification [40]
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Fig. 2 Distribution of the a number and b class of pre-
index antidiabetic medications. P-dataset: From a phar-
macy claims database using data from over 800 pharmacies
nationwide which provided a coverage of approximately
2% of all outpatient prescriptions. H-dataset: From a
hospital-based administrative database constructed from
data for inpatients and outpatients from 287 Diagnosis
Procedure Combination (DPC) hospitals. I-dataset: From

an insurance claims database containing medical and
prescription claims of 3.8 million employees and their
dependents who were mostly aged 65 years or less. a-GI
alpha-glucosidase inhibitors, BG biguanides, DPP4i dipep-
tidyl peptidase 4 inhibitors, FDC fixed-dose combination,
GLP-1 glucagon-like peptide 1, OADs oral antidiabetic
drugs, SGLT2i sodium glucose co-transporter-2 inhibitors,
SU sulfonylureas, TZD thiazolidinediones
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medications were categorized by class: alpha-
glucosidase inhibitors (alpha-GI), biguanides
(BG), dipeptidyl peptidase 4 inhibitors (DPP4i),
glinides, SU, and thiazolidinediones (TZD),
fixed-dose combination of OADs (FDC) and
injectable treatment (insulin and glucagon-like
peptide 1 [GLP-1] receptor agonists). Concomi-
tant medications were categorized according to
the Ministry of Health, Labour and Welfare
(MHLW) drug classification [40]. The number of
concomitant antidiabetic medications was
counted by class, whereas the number of any
concomitant medication was counted by
product.

In the SU subcohort, the daily dose of SU at
SGLT2i add-on (i.e., at the index date) was cal-
culated by multiplying daily number of pills by
the dose strength (milligrams) at the index date.
The daily dose of SU during the pre-index per-
iod was calculated as the average daily dose of
SU during that period. In the insulin subcohort,
the daily insulin dose (units) at the index date
was computed as the average daily dose during
the interval from the index date to the next
insulin prescription because the intended daily
dose could not be obtained directly from the
prescription. The pre-index daily dose of insulin
was estimated as the average daily dose of

insulin during the 180 days prior to the index
date.

Statistical Analysis

Data from the three study datasets were ana-
lyzed separately. Prescription site was summa-
rized according to the number of beds: hospital
(C 20 beds) and clinic (\ 20 beds). Chronolog-
ical changes in proportion of patients with two
or fewer concomitant antidiabetic medications,
proportion of patients using concomitant
diuretics, and average daily doses of SU and
insulin were aggregated quarterly by the index
date.

A sensitivity analysis was conducted for the
H- and P-datasets by including only patients
with any record during the pre-index period to
check for any potential biases due to non-
availability of continuous enrollment data in
these datasets. All analyses were performed
using SAS� Studio Release 3.5 (SAS Institute
Inc., Cary, USA). JVS, TN, and TK had access to
the database and all authors had access to the
study results.

RESULTS

In total, 14,861 SGLT2i new users in the
P-dataset, 27,039 in the H-dataset, and 12,408
in the I-dataset were included in this analysis
(Fig. 1). Median age was 59 years in the P- and
H-datasets and 52 years in the I-dataset,
respectively. A median of two antidiabetic
medications (by class) were prescribed during
the pre-index period and at index (i.e., at
SGLT2i initiation) (Table 1). Other patient
characteristics have been previously described
[31]. Overall, all three datasets showed similar
results.

Pre-Index and Concomitant Antidiabetic
Medication

The majority were taking one to three antidia-
betic medications before initiating SGLT2i
(Fig. 2a). The most frequently prescribed
antidiabetic medications were DPP4i, followed

bFig. 3 a Distribution of the number of concomitant
antidiabetic medications. b Chronological change in the
proportion of SGLT2i new users taking two or fewer
concomitant antidiabetic medications at index. c Distribu-
tion of the class of concomitant antidiabetic medications.
P-dataset: From a pharmacy claims database using data
from over 800 pharmacies nationwide which provided a
coverage of approximately 2% of all outpatient prescrip-
tions. H-dataset: From a hospital-based administrative
database constructed from data for inpatients and outpa-
tients from 287 Diagnosis Procedure Combination (DPC)
hospitals. I-dataset: From an insurance claims database
containing medical and prescription claims of 3.8 million
employees and their dependents who were mostly aged
65 years or less. a-GI alpha-glucosidase inhibitors, BG
biguanides, DPP4i dipeptidyl peptidase 4 inhibitors, FDC
fixed-dose combination, GLP-1 glucagon-like peptide 1,
OADs oral antidiabetic drugs, SGLT2i sodium glucose co-
transporter-2 inhibitors, SU sulfonylureas, TZD
thiazolidinediones
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by BG, and SU (Fig. 2b). Approximately 70%
were taking one to three concomitant antidia-
betic medications at index (Fig. 3a). The pro-
portion of patients taking two or fewer
concomitant antidiabetic medications was
observed to increase over time (Fig. 3b). Overall,
DPP4i, BG, and SU were the most frequently
prescribed concomitant antidiabetic medica-
tions in all datasets (Fig. 3c).

Daily Dose of Glimepiride and Insulin
at SGLT2i Add-On

Among three subclasses of SU (glimepiride,
glibenclamide, and gliclazide), glimepiride was
most frequently prescribed to SGLT2i new users
(P-dataset, 87.6%; H-dataset, 88.6%; I-dataset,
88.9%). Therefore, the results for glimepiride
subcohorts are presented.

The average daily dose of glimepiride
decreased from 2.1 mg/day during the pre-index
period to 1.8 mg/day at SGLT2i add-on in the
P-dataset and from 1.9 to 1.7 mg/day in the
both H- and I-datasets, respectively (Table 2).
The daily glimepiride dose was reduced in
approximately 20% of the co-users at SGLT2i
add-on. Also, a decreasing trend was observed in
the average daily dose of glimepiride at index
date during the first 3 years of launch (Fig. 4a).

On the other hand, the average daily insulin
dose (units) increased slightly at SGLT2i add-on,
compared with the pre-index period (Table 3).
However, in approximately 40% of insulin co-
users, the daily insulin dose was reduced at the
time of SGLT2i add-on compared with that in
the pre-index period. The average daily insulin
dose at SGLT2i add-on was higher during the
first 15 months of launch and then decreased
and became stable in the subsequent months
(Fig. 4b).

Concomitant Medications at SGLT2i
Initiation

SGLT2i new users in all datasets were taking a
median of four to five concomitant medications
(by MHLW classification) at index (Table 1).
Nearly 40% or more patients in the datasets
were taking at least five concomitant

medications (Fig. 5a). Other than ‘‘agents
affecting metabolism’’, which includes antidia-
betic medications, cardiovascular agents were
frequently co-prescribed (Fig. 5b).

Diuretics were co-prescribed in less than 10%
of SGLT2i new users at index (P-dataset, 6.3%;
H-dataset, 9.0%; and I-dataset, 3.0%). Diuretics
use increased slightly over time in the P- and
H-datasets, whereas no obvious changes were
observed in the I-dataset (Fig. S1 in the supple-
mentary material). Across the specialties, con-
comitant diuretics were most frequently
prescribed by the cardiology department in all
datasets (Fig. 6).

Sensitivity Analysis

Excluding patients without any pre-index
record reduced the number of SGLT2i new users
from 14,861 to 14,156 (ca. 5%, P-dataset) and
27,039 to 26,594 (ca. 2%, H-dataset), respec-
tively (Table S1 in the supplementary material).
Patient demographics and baseline characteris-
tics for the full study cohort were described
elsewhere [31]. The demographics of SGLT2i
new users in the sensitivity cohort were similar
to the full study cohort (Table S1 in the sup-
plementary material). Comorbidities, compli-
cations, HbA1c levels, body weight, body mass
index (BMI), and estimated glomerular filtration
rate (eGFR) values were also similar among the
full cohort and sensitivity cohort. The numbers
of pre-index and concomitant antidiabetic
medications prescribed to SGLT2i new users
were also similar in both cohorts (Fig. S2 in the
supplementary material).

DISCUSSION

The present analysis sought to examine the
utilization patterns of SGLT2i in the first 3 years
of their launch in Japan. The findings from this
large-scale data analysis showed that SGLT2i
were mostly used as second- or later-line
antidiabetic medication, usually as an add-on to
DPP4i, BG, and/or SU. SGLT2i were frequently
used as part of a dual, triple, or quadruple regi-
men. For SGLT2i new users taking concomitant
SU or insulin medications, SU and insulin doses
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at SGLT2i add-on decreased slightly over the
study period. SGLT2i new users were taking a
number of other concomitant medications, of
which cardiovascular agents were frequently
prescribed.

The pre-index and concomitant medication
utilization patterns identified in this study
concur with the results of post-marketing
surveillance of ipragliflozin, canagliflozin, or
tofogliflozin in Japan [41–43], but this study

Table 2 Characteristics of glimepiride subcohort at index

P-dataset (N = 3457) H-dataset (N = 6808) I-dataset (N = 2975)

Age, years

Mean (SD) 59.9 (12.0) 59.1 (11.7) 52.7 (8.2)

Median (IQR) 61 (51–68) 60 (51–67) 53 (47–58)

Gender, male, n (%) 2207 (63.8) 4453 (65.4) 2254 (75.8)

Prescription sitea, n (%)

Clinic (\ 20 beds) 1516 (43.9) – 2091 (70.3)

Hospital (C 20 beds) 1941 (56.1) 6808 (100) 884 (29.7)

Specialty, n (%)

General internal medicine 1777 (51.4) 4158 (61.1) –

Diabetologyb 117 (3.4) 1438 (21.2) –

Cardiology 133 (3.8) 601 (8.8) –

Others 427 (12.4) 471 (6.9) –

Unknown specialties 1001 (29.0) 140 (2.1) –

Multiple specialties 2 (0.1) – –

Daily glimepiride dose at pre-index, mg

Mean (SD) 2.1 (1.5) 1.9 (1.4) 1.9 (1.4)

Median (IQR) 2.0 (1.0–3.0) 1.5 (1.0–2.3) 1.5 (1.0–2.2)

Daily glimepiride dose at index, mg

Mean (SD) 1.8 (1.4) 1.7 (1.3) 1.7 (1.3)

Median (IQR) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)

Any glimepiride dose reduction at index, n (%) 788 (22.8) 1350 (19.8) 653 (21.9)

P-dataset: From a pharmacy claims database using data from over 800 pharmacies nationwide which provided a coverage of
approximately 2% of all outpatient prescriptions
H-dataset: From a hospital-based administrative database constructed from data for inpatients and outpatients from 287
Diagnosis Procedure Combination (DPC) hospitals
I-dataset: From an insurance claims database containing medical and prescription claims of 3.8 million employees and their
dependents that were mostly aged B 65 years
All results are at index unless otherwise stated
IQR interquartile range, SD standard deviation
a Number of patients who had their medication prescriptions fulfilled at a clinic (\ 20 beds) or a hospital (C 20 beds)
b Also includes endocrinology and metabolism

Diabetes Ther (2019) 10:2233–2249 2241



extends the findings of these studies by exam-
ining the prescribing trend following the
launch of SGLT2i in Japan. The proportion of
SGLT2i new users taking two or fewer con-
comitant antidiabetic medications at index
increased over the study period, suggesting a
trend towards prescribing fewer concomitant
antidiabetic medications. Concomitant diuretic

use was generally low in SGLT2i users, consis-
tent with the prescribing guidance provided in
the package inserts for SGLT2i [19–24]. How-
ever, a slight increase in concomitant diuretic
use over time was observed in the H- and
P-datasets. This may probably be related to
increased prescription from the cardiology

Fig. 4 Concomitant glimepiride and insulin dose. a Aver-
age daily glimepiride dose (mg) per quarter at SGLT2i add-
on. b Average daily insulin dose (units) per quarter at
SGLT2i add-on. P-dataset: From a pharmacy claims
database using data from over 800 pharmacies nationwide
which provided a coverage of approximately 2% of all
outpatient prescriptions. H-dataset: From a hospital-based
administrative database constructed from data for

inpatients and outpatients from 287 Diagnosis Procedure
Combination (DPC) hospitals. I-dataset: From an insur-
ance claims database containing medical and prescription
claims of 3.8 million employees and their dependents who
were mostly aged 65 years or less. For insulin, the January
to March 2017 data is not shown as data for the quarter
after March 2017 needed to compute the average daily
dose was not collected
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department reported in the first publication
[31].

The risk of hypoglycemia may increase when
SGLT2i is added to SU or insulin. Physicians are
advised to reduce the dose of SU or insulin at

SGLT2i add-on and to make only small adjust-
ments to the insulin dose to reduce the risk of
ketoacidosis [19–25]. The average daily glime-
piride dose decreased slightly at SGLT2i initia-
tion and about one in five patients had their

Table 3 Characteristics of insulin subcohort at index

P-dataset (N = 1643) H-dataset (N = 4005) I-dataset (N = 1109)

Age, years

Mean (SD) 57.7 (12.4) 56.5 (12.0) 51.4 (8.7)

Median (IQR), years 58 (49–66) 57 (48–66) 51 (46–57)

Gender, male, n (%) 941 (57.3) 2198 (54.9) 755 (68.1)

Prescription siteb, n (%)

Clinic (\ 20 beds) 477 (29.0) – 564 (50.9)

Hospital (C 20 beds) 1166 (71.0) 4005 (100) 545 (49.1)

Specialty, n (%)

General internal medicine 753 (45.8) 2492 (62.2) –

Diabetologyb 126 (7.7) 1142 (28.5) –

Cardiology 34 (2.1) 118 (2.9) –

Others 153 (9.3) 205 (5.1) –

Unknown specialties 572 (34.8) 48 (1.2) –

Multiple specialties 5 (0.3) – –

Daily insulin dose (units) at pre-index

Mean (SD) 12.7 (8.1) 12.0 (8.1) 12.4 (6.0)

Median (IQR) 10.4 (8.2–16.6) 9.9 (7.3–15.7) 10.4 (8.4–16.6)

Daily insulin dose (units) at index

Mean (SD) 13.8 (8.7) 13.1 (8.3) 13.5 (8.4)

Median (IQR) 10.7 (8.6–17.1) 10.7 (8.6–17.1) 10.7 (8.6–17.1)

Any insulin reduction at index, n (%) 619 (37.7) 1497 (37.4) 446 (40.2)

P-dataset: From a pharmacy claims database using data from over 800 pharmacies nationwide which provided a coverage of
approximately 2% of all outpatient prescriptions
H-dataset: From a hospital-based administrative database constructed from data for inpatients and outpatients from 287
Diagnosis Procedure Combination (DPC) hospitals
I-dataset: From an insurance claims database containing medical and prescription claims of 3.8 million employees and their
dependents that were mostly aged B 65 years
All results are at index unless otherwise stated
IQR interquartile range, SD standard deviation
a Number of patients who had their medication prescriptions fulfilled at a clinic (\ 20 beds) or a hospital (C 20 beds)
b Also includes endocrinology and metabolism
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Fig. 5 Distribution of the number (a) and type (b) of
concomitant medications. P-dataset: From a pharmacy
claims database using data from over 800 pharmacies
nationwide which provided a coverage of approximately
2% of all outpatient prescriptions. H-dataset: From a
hospital-based administrative database constructed from
data for inpatients and outpatients from 287 Diagnosis

Procedure Combination (DPC) hospitals. I-dataset: From
an insurance claims database containing medical and
prescription claims of 3.8 million employees and their
dependents who were mostly aged 65 years or less. Dagger
indicates data based on Ministry of Health, Labour and
Welfare drug classification [40]. Double dagger indicates
data include oral antidiabetic medications
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glimepiride dose reduced at SGLT2i add-on.
Although the average daily insulin dose
increased slightly by ca. 1 unit at SGLT2i add-
on, the daily insulin dose was reduced in two in
five patients and the average daily dose at
SGLT2i add-on decreased slightly 15 months
after SGLT2i launch. These observations suggest
a trend towards reducing concomitant SU or
insulin doses in SGLT2i users over time.

Our findings should be interpreted within
the context of the study limitations. The results
of the I-datasets may not be generalizable to
older diabetes populations because of the lack of
patients over 75 years old. In addition, contin-
uous enrollment information is not available
for the P- and H-datasets to verify the index
prescription. That is, out-of-panel pharmacy/
hospital prescription could not be obtained.
Although we captured sufficient pre-index pre-
scriptions, implying some follow-up ability of
the patients within the panel pharmacies and
hospitals, the prescriptions for pre-index and
concomitant medications may be

underestimated in the P- and H-datasets. We
explored the number of prescription sites per
patient during the pre-index period and at the
index date in the I-dataset and found that
95.6% (10,490 out of 10,968 with pre-index
antidiabetic medications) of the SGLT2i new
users received their diabetes treatment at a sin-
gle site during the 6-month pre-index period. At
the index date, more than 99.9% (12,403/
12,408) of the SGLT2i new users received their
concomitant antidiabetic medications from one
site and 96.9% (12,020/12,408) who received
any concomitant medication were also from a
single site. Therefore, we believe that the
majority of patients received their diabetes
treatment at a single site during the 6-month
pre-index period and on the index date.
Although we do not have data on the number of
pharmacies where the prescription items were
dispensed on the same day, we assumed that the
impact of not capturing prescriptions from out-
of-panel pharmacy/hospitals may be limited.

Fig. 6 Distribution of concomitant diuretics use in
SGLT2i new users by prescriber specialty. P-dataset: From
a pharmacy claims database using data from over 800
pharmacies nationwide which provided a coverage of
approximately 2% of all outpatient prescriptions. H-data-
set: From a hospital-based administrative database

constructed from data for inpatients and outpatients from
287 Diagnosis Procedure Combination (DPC) hospitals.
Data on prescribing specialty were not available for the
I-dataset. Endocrinology and metabolism category did not
exist in the P-dataset
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We did not place additional restrictions on
the H- and P-datasets (such as having any pre-
scription at least once in 3 months as a proxy of
continuous enrollment) as this may select
patients who were more ‘‘loyal’’ to a pharmacy
or hospital, or who were sicker, and thus visited
the pharmacy or hospital more frequently [30].
We conducted a sensitivity analysis using only
data from patients who had any record during
the pre-index period. The results revealed no
difference when compared with the study
cohort, suggesting that this did not affect the
results of this analysis.

Also, hospitalized patients at the index date
were excluded from analysis. Our initial inten-
tion was to include both inpatients and outpa-
tients but because of the limited follow-up
ability, unexpectedly large proportions of
patients in the H-dataset were identified as
inpatients at the index date. Although this
proportion was smaller in SGLT2i new users
(13%) compared with the new users of other
OADs (45%) [31], we decided to exclude inpa-
tients at index date because we believed it is
unlikely that patients with diabetes started their
OAD medications at an inpatient setting.
Rather, the ‘‘index date’’ identified in this study
was the first date where patients appeared in the
hospital database with the OAD prescription.
Indeed, inpatients in the I-dataset (where
patients can be followed up) was limited to
2.1%. Even considering the difference in age
distribution between the H- and I-datasets, we
believe that the proportion of inpatients should
not be that high. Thus, we excluded inpatients
from the analysis for better generalizability.

As in the other database studies, we do not
know if the patients actually took the prescribed
medications as recorded. Further, some pre-
scriptions could have been changed or can-
celled at dispensing. In addition, the actual
daily insulin dose was not available in the data
sources and therefore estimated using the aver-
age during the pre- or post-index period. Thus,
it may not reflect the prescribers’ intention
correctly. Despite these limitations, the results
were generally consistent between the three
datasets and provide a real-world snapshot of
the utilization pattern shortly after the launch
of SGLT2i in Japan.

CONCLUSION

This study characterized the drug utilization
patterns in patients initiating SGLT2i in the first
3 years of its launch in Japan. SGLT2i were fre-
quently used as second- or later-line treatment
and as part of a dual, triple, or quadruple regi-
men, and were co-prescribed with many other
agents, predominantly cardiovascular medica-
tions. DPP4i, BG, and/or SU were frequently
used before and at SGLT2i initiation. For SGLT2i
users taking concomitant SU or insulin medi-
cations, the daily doses of SU and insulin at
SGLT2i add-on were gradually reduced over
time.
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