
ORIGINAL RESEARCH

Baseline Characteristics of Patients with Type2
Diabetes Initiating Second-Line Treatment in Japan:
Findings from the J-DISCOVER Study

Naoto Katakami . Tomoya Mita . Mitsuyoshi Takahara .

Toshitaka Yajima . Fumitaka Wada . Masaru Kawashima .

Iichiro Shimomura . Hirotaka Watada on behalf of J-DISCOVER Study Group

Received: March 11, 2020 / Published online: June 5, 2020
� The Author(s) 2020

ABSTRACT

Introduction: J-DISCOVER aims to research the
treatment reality of Japanese patients with
type 2 diabetes mellitus who begin second-line
treatment. Here we report baseline characteris-
tics and factors associated with selection of
second-line treatment.
Methods: J-DISCOVER is a prospective, obser-
vational, multicenter, cohort study in patients
with type 2 diabetes (aged C 20 years) begin-
ning second-line treatment after first-line oral
monotherapy. Baseline characteristics and
treatment patterns were descriptively

summarized. Logistic regression models were
used to identify factors associated with specific
second-line treatments.
Results: A total of 1806 patients (mean age
61.7 years) were enrolled between September
2014 and December 2015. Mean ± standard
deviation of baseline glycated hemoglobin
(HbA1c) and body mass index (BMI) were
7.7 ± 1.3% and 25.5 ± 4.6 kg/m2, respectively.
The most prescribed medication as first-line
treatment was dipeptidyl peptidase 4 inhibitors
(53.7% of patients) followed by biguanides
(21.4%), sulfonylureas (7.2%), and alpha-glu-
cosidase inhibitors (6.8%). Second-line treat-
ments included dipeptidyl peptidase 4
inhibitors (31.0%), biguanides (27.9%),
sodium–glucose cotransporter 2 inhibitors
(12.2%), and sulfonylureas (10.9%). First- and
second-line treatments had different modes of
action in 76.3% of patients. Those receiving
first-line dipeptidyl peptidase 4 inhibitors were
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more likely to receive second-line biguanides
and vice versa. Selection of second-line treat-
ment was also associated with age, BMI, HbA1c,
and renal function.
Conclusions: This study showed the treatment
reality and factors associated with choice of
second-line treatment in Japanese patients with
type 2 diabetes mellitus. The choice of second-
line treatment was associated with age, BMI,
HbA1c, renal function, and the mode of action
of the first-line treatment.
Trial Registration: ClinicalTrials.gov NCT0222
6822.

Keywords: Antidiabetic drugs; Physician
prescribing patterns; Type 2 diabetes mellitus

Key Summary Points

Why carry out this study?

There is no clear recommendation on the
choice of oral glucose-lowering agents in
Japanese guidelines.

Because there have been no large
prospective studies to analyze treatment
patterns by physicians (including primary
care physicians who are not specialized in
diabetes) since the introduction of
dipeptidyl peptidase 4 inhibitors (DPP4is)
and sodium–glucose cotransporter 2
inhibitors (SGLT2is), it would be
beneficial to better understand the
treatment reality for Japanese patients
with type 2 diabetes (T2DM).

J-DISCOVER aimed to prospectively
research treatment patterns and long-term
glucose control of patients with T2DM
who were being initiated on second-line
diabetes treatment at sites across Japan
since the launch of SGLT2is so that
reference data on contemporary
treatment patterns of patients with T2DM
would be provided. This manuscript
aimed to report baseline characteristics
and factors associated with the selection
of second-line treatment in the patients
enrolled in the J-DISCOVER study.

What was learned from the study?

The most prescribed medication as first-
line treatment was DPP4is followed by
metformin, reflecting the absence of
specific treatment recommendation in
Japanese guidelines compared with US
and European guidelines that explicitly
specify metformin as first-line treatment.
The choice of second-line treatment was
associated with age, body mass index,
glycated hemoglobin, renal function, and
the mode of action of the first-line
treatment.

The results of this study indicate that
physicians chose second-line treatment by
considering the mode of action of first-
line treatment, as well as patients’
background characteristics and clinical
conditions.

INTRODUCTION

In 2017, the number of adults (aged 20–-
79 years) with diabetes worldwide was esti-
mated to be 425 million and approximately
90% of these had type 2 diabetes (T2DM) [1]. In
Japan, approximately 7.2 million adults have
diabetes and there are around 70,000 diabetes-
related deaths annually [1].

While US and European guidelines specify
first-line metformin [2, 3], current Japanese
guidelines do not recommend a specific therapy
for patients with T2DM; instead, it is recom-
mended that treatment is chosen according to
the patient’s background and clinical condi-
tions [4, 5]. Diabetes is a progressive disease and,
after initial monotherapy, the majority of
patients will require combination therapy. By
analyzing Japanese prescription data from 2011,
Fujihara et al. [6] reported that 26% of adult
patients with T2DM (N = 33,251) were taking
oral monotherapy; 18% received insulin
monotherapy, while the rest (56%) were treated
with combination therapy. Japanese guidelines
recommend that the selection of second-line
medication for patients who are not achieving
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glycated hemoglobin (HbA1c) targets should be
based on the individual patient’s disease state,
age, weight, comorbidities, and the modes of
action of each therapy [4].

The availability of dipeptidyl peptidase 4
inhibitors (DPP4is) from 2009 and
sodium–glucose cotransporter 2 inhibitors
(SGLT2is) from 2014 has given physicians
increased choice of prescriptions for T2DM
treatment. However, there have been no large
prospective studies to analyze treatment pat-
terns since the introduction of these drugs.
Furthermore, large-scale studies in Japanese
patients with T2DM have been conducted
mainly in hospitals or clinics with diabetes
specialists [7–9], whereas in reality many
patients are treated by physicians (including
primary care physicians) without expertise in
diabetes.

As part of the multinational DISCOVER
study [10, 11], J-DISCOVER aimed to prospec-
tively research treatment patterns and long-
term glucose control of patients with T2DM
who were being initiated on second-line dia-
betes treatment at sites across Japan since the
launch of SGLT2is so that reference data on
contemporary treatment patterns of patients
with T2DM would be provided [12]. Impor-
tantly, the study was not limited to physicians
specializing in diabetes. Because Japanese
guidelines recommend physicians use their own
judgment to choose first-line or later treat-
ments, it would be beneficial to study factors
associated with treatment patterns, and to bet-
ter understand the treatment reality for Japa-
nese patients with T2DM. In this paper, we
report the baseline characteristics and factors
associated with the selection of second-line
treatment in the patients enrolled in the J-DIS-
COVER study.

METHODS

Study Design

The J-DISCOVER study design and methods
have been published previously [12]. Briefly,
J-DISCOVER (ClinicalTrials.gov NCT02226822)
was a 3-year, single-country, multicenter,

prospective, observational, longitudinal, cohort
study in patients with T2DM who were initiat-
ing second-line treatment. The primary objec-
tive of J-DISCOVER was to describe the long-
term disease management patterns, including
number and type of medications prescribed and
other management approaches used, and the
clinical evolution of these patients, including
the clinical course of their diabetes (HbA1c
levels and frequency of hypoglycemia), the
development and outcomes of any diabetes-re-
lated complications, and their quality of life.
Secondary objectives included assessment of
treatment response (overall and specific to
individual classes of medication), treatment
changes, and diabetes-associated complications.
As this was a non-interventional study, investi-
gators did not proactively collect safety data.
Adverse drug reactions were reported as per
local regulations.

J-DISCOVER enrolled male and female
patients (aged C 20 years) with a diagnosis of
T2DM who were initiating a second oral or
parenteral antidiabetic medication (adding or
switching) after first-line oral monotherapy.
Patients were excluded from the study if they
were prescribed an injectable agent first line;
however, patients who initially received short-
term insulin treatment followed by oral treat-
ment were eligible if the treatment with insulin
lasted no more than 2 weeks and occurred at
least 6 months before initiation of second-line
treatment. Because all patients were already
receiving treatment, there were no strict inclu-
sion criteria based on HbA1c. A full explanation
of the definitions and diagnostic criteria for
T2DM, as well full inclusion and exclusion cri-
teria and treatment targets, are outlined in the
Supplementary Methods (online supporting
information).

All procedures followed will be in accordance
with the ethical standards of the responsible
committee on human experimentation (insti-
tutional and national) and with the Helsinki
Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
patients included in the study. The full list of
institutional review boards/ethics committees
that approved this study can be found in the
Supplementary Material.
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In this study, the patients were enrolled from
hospitals and clinics. According to the Health
Care Act in Japan, a ‘‘hospital’’ is defined as ‘‘a
medical institution with an inpatient facility of
20 beds or more’’ and ‘‘clinics’’ have no beds or
not more than 19 beds. Although
endocrine/diabetes specialists can work both in
clinics and hospitals in Japan, hospitals are
mainly responsible for the treatment of serious
diseases and for precise examinations. On the
other hand, the clinics focus on treating com-
mon diseases, minor injuries, and chronic dis-
eases. Additionally, the physicians included
diabetes specialists and general physicians (GPs)
without expertise in diabetes. Japan provides
universal coverage of insurance and patients
can visit any medical institution (hospital or
clinic) as they wish. Therefore, patients with
diabetes are treated by both specialists and GPs.
In general, diabetes specialists see patients who
have difficulty in glycemic control or have
multiple complications and are referrals from
GPs. On the other hand, patients whose con-
ditions are stable are often referred back to GPs.

Statistical Analyses

Demographic variables, patient characteristics,
and treatment patterns were summarized using
descriptive statistics including numbers, per-
centages, mean (standard deviation [SD]), and
median (interquartile range [IQR]). Univariate
and multivariate Firth logistic regression models
were used to identify baseline characteristics
associated with the choice of a specific second-
line treatment [13]. Covariates were age (C 65 vs
\65 years), sex, baseline HbA1c (continuous
variable, per 1% increment), body mass index
(BMI) (\ 22 and C 25 vs C 22 to \25 kg/m2),
renal function (estimated glomerular filtration
rate [eGFR]\ 60 vs C 60 mL/min/1.73 m2), his-
tory of cardiovascular disease (yes vs no), and
first-line antihyperglycemic medication (bigua-
nides, sulfonylureas, alpha-glucosidase inhibi-
tors [a-GIs], thiazolidinediones, glinides,
DPP4is, SGLT2is). The odds ratio of first-line
antihyperglycemic medication compared with
the overall mean was calculated using effect
coding, a commonly used method for coding

categorical variables in regression models [14].
Cardiovascular disease history was defined as a
medical history including myocardial infarc-
tion, coronary artery bypass grafting, coronary
intervention, stable angina, unstable angina,
heart failure, stroke, transient ischemic attack,
carotid artery stenting, carotid endarterectomy,
peripheral artery disease, peripheral artery
bypass graft, venous thromboembolism, or
thrombolytic therapy.

RESULTS

Patient Characteristics

We analyzed data for 1806 patients (mean age
61.7 years, 61.6% male) enrolled from Septem-
ber 2014 to December 2015 (Fig. 1 and Table 1).
Patients were enrolled from 142 sites across
Japan, including hospitals (19.8%) or clinics
(79.4%) and the majority of physicians in
charge were endocrine/diabetes specialists
(68.4%). Mean ± SD HbA1c, BMI, and eGFR
were 7.7 ± 1.3%, 25.5 ± 4.6 kg/m2, and
78.8 ± 20.5 mL/min/1.73 m2, respectively, and
11.4% of patients had history of cardiovascular
disease (Table 1). The proportion of patients
with HbA1c C 7% and C 8% were 70.9% and
28.7%, respectively, while the proportions of
those with a BMI of C 25 kg/m2 and C 22 to
\25 kg/m2 were 49.3% and 29.5%, respectively
(Table 1).

Fig. 1 Patient flow chart
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Table 1 Baseline demographic and clinical characteristics of patients enrolled in the J-DISCOVER study

Characteristic N = 1806

Age, mean (SD), years 61.7 (12.8)

Male, n (%) 1113 (61.6)

Smoking history

Non-smoking, n (%) 780 (43.2)

Smoked in the past, n (%) 507 (28.1)

Smoking, n (%) 447 (24.8)

Unknown, n (%) 71 (3.9)

Time since diagnosis, median (IQR), years 3.1 (0.8–7.2)

HbA1c, mean (SD), % 7.7 (1.3)

HbA1c C 7%, n (%) 1281 (70.9)

HbA1c C 8%, n (%) 519 (28.7)

Severe hypoglycemia in the past 12 months, n (%) 9 (0.5)

Mild hypoglycemia in the past month, n (%) 18 (1.0)

BMI, mean (SD), kg/m2 25.5 (4.6)

BMI C 25 kg/m2, n (%) 890 (49.3)

BMI C 22 and\ 25 kg/m2, n (%) 532 (29.5)

BMI\ 22 kg/m2, n (%) 373 (20.7)

Systolic blood pressure, mean (SD), mmHg 131.5 (15.7)

Diastolic blood pressure, mean (SD), mmHg 76.8 (11.4)

Hypertension, n (%) 988 (54.7)

Hyperlipidemia, n (%) 1063 (58.9)

Liver dysfunction, n (%) 174 (9.6)

Cardiovascular disease, n (%) 205 (11.4)

Heart failure, n (%) 37 (2.0)

Serum creatinine, mean (SD), mg/dL 0.75 (0.25)

eGFR, mean (SD), mL/min/1.73 m2 78.8 (20.5)

eGFR\ 60 mL/min/1.73 m2, n (%) 210 (11.6)

Chronic kidney disease, n (%) 252 (14.0)

Duration of first-line treatment, median (IQR), months 11.0 (4.0–32.0)

Second-line treatment

Added-on, n (%) 1552 (85.9)

Switched, n (%) 254 (14.1)

BMI body mass index, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, IQR interquartile range
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Treatment Patterns

The median duration of first-line treatment was
11 months (Table 1); the most commonly used
class of oral first-line treatment was DPP4is
(53.7% of patients), followed by biguanides
(21.4%), sulfonylureas (7.2%), and a-GIs (6.8%;
Table 2).

Second-line treatment was initiated a med-
ian of 3.1 years after diagnosis of T2DM; in the
majority of patients (85.9%), the second-line
agent was added on top of first-line treatment,
rather than switching from first-line (Table 1).
The most frequently used second-line treatment
was DPP4is (31.0%), followed by biguanides
(27.9%), SGLT2is (12.2%), and sulfonylureas
(10.9%; Table 2). Combining the data for first-
and second-line treatment, DPP4is were

Table 2 First- and second-line treatment prescribed for patients enrolled in the J-DISCOVER study (N = 1806)

Seconda First

BG,
n = 387
(21.4%)

SU,
n = 130
(7.2%)

a-GI,
n = 122
(6.8%)

TZD,
n = 62
(3.4%)

Glinide,
n = 64
(3.5%)

DPP4i,
n = 970
(53.7%)

SGLT2i,
n = 71
(3.9%)

BG, n = 504

(27.9%)

– 27 17 19 11 410 20

SU, n = 196

(10.9%)

14 – 1 1 0 180 0

a-GI, n = 103

(5.7%)

15 4 – 0 4 79 1

TZD, n = 116

(6.4%)

11 5 4 – 2 94 0

Glinide,

n = 87

(4.8%)

5 0 6 0 – 71 5

DPP4i,

n = 560

(31.0%)

264 88 87 31 46 – 44

SGLT2i,

n = 221

(12.2%)

72 6 7 8 1 127 –

GLP-1RA,

n = 6

(0.3%)

2 0 0 2 0 2 0

Insulin,

n = 13

(0.7%)

4 0 0 1 0 7 1

a-GI alpha-glucosidase inhibitors, BG biguanides, DPP4i dipeptidyl peptidase 4 inhibitors, GLP-1RA glucagon-like pep-
tide 1 receptor agonists, SGLT2i sodium–glucose cotransporter 2 inhibitors, SU sulfonylureas, TZD thiazolidinediones
a Second-line treatment contains both added-on and switched treatment
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prescribed the most (1530 patients, 84.7%),
followed by biguanides (891 patients, 49.3%),
sulfonylureas (326 patients, 18.1%), and
SGLT2is (292 patients, 16.2%; Fig. 2). In
patients who received DPP4is first-line
(n = 970), the most common second-line agents
were biguanides (410 patients, 42.3%), sul-
fonylureas (180 patients, 18.6%), and SGLT2is
(127 patients, 13.1%; Table 2). In those who
initially received biguanides (n = 387), DPP4is
were prescribed second-line in 264 patients
(68.2%) and SGLT2is in 72 patients (18.6%;
Table 2). The most frequently used second-line
treatments in patients who were prescribed
sulfonylureas first-line (n = 130) were DPP4is
(88 patients, 67.7%), followed by biguanides (27
patients, 20.8%; Table 2). Although there were
no major differences in the prescribing patterns
between hospitals and clinics, biguanides were
prescribed more frequently as a first-line treat-
ment in hospitals than clinics (33.2% vs 18.7%;
Supplementary Tables S1 and S2). Diabetes spe-
cialists prescribed more first-line a-GIs than
non-specialists (7.8% vs 4.1%) (Supplementary
Tables S3 and S4).

Next, we focused on the mode of action of
the treatment. In Japan, oral hypoglycemic
agents are divided into three groups, i.e.,

insulin-sensitizing agents (biguanides/thiazo-
lidinediones), insulin secretagogues (sulfony-
lureas/glinides/DPP4is), and carbohydrate
absorption/excretion-modulating agents (a-GIs/
SGLT2is) [4]. In 76.3% of patients, first- and
second-line agents had different modes of
action; first/second-line combinations were an
insulin-sensitizing agent and an insulin secret-
agogue in 48.3% of patients, an insulin secret-
agogue and a carbohydrate absorption/
excretion-modulating agent in 20.4% of
patients, and an insulin-sensitizing agent and a
carbohydrate absorption/excretion-modulating
agent in 7.6% of patients.

Factors Associated with Choice of Second-
Line Treatment

An overview of baseline demographic and clin-
ical characteristics by second-line treatment is
presented in Table 3. Mean HbA1c was consid-
erably higher in patients prescribed insulin
second-line (11.7%) than in those prescribed
another second-line treatment (7.3–8.3%). The
percentage of patients with a BMI C 25 kg/m2

was considerably higher in patients prescribed
SGLT2is second-line (78.7%) and glucagon-like
peptide 1 receptor agonists (GLP-1RAs) second-
line (66.7%) than in those prescribed other
second-line treatments (33.3–53.8%; Table 3).

The clinical factors associated with the
choice of each second-line treatment are shown
in Fig. 3 and summarized in Table S5. Patients
who were prescribed second-line biguanides,
sulfonylureas, a-GIs, thiazolidinediones,
SGLT2is, or glinides therapy were likely to have
been prescribed a DPP4i as first-line monother-
apy. Patients on second-line biguanides were
also likely to be younger, and to have better
renal function (Fig. 3a). Those receiving second-
line sulfonylureas commonly had worse gly-
cemic control and poorer renal function
(Fig. 3b), while patients prescribed second-line
a-GIs were more likely to have a BMI of\22 kg/
m2 (Fig. 3c). Patients given second-line thiazo-
lidinediones were likely to be older and to have
lower HbA1c (Fig. 3d), and those who received
second-line glinides were more likely to have
been prescribed an SGLT2i as first-line

Fig. 2 Antihyperglycemic agents used first- and second-
line by patients enrolled in the J-DISCOVER study
(N = 1806). a-GI alpha-glucosidase inhibitors, BG bigua-
nides, DPP4i dipeptidyl peptidase 4 inhibitors, GLP-1RA
glucagon-like peptide 1 receptor agonists, SGLT2i
sodium–glucose cotransporter 2 inhibitors, SU sulfony-
lureas, TZD thiazolidinediones
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monotherapy, to be men, and to have poorer
renal function, and less likely to have a BMI of
C 25 kg/m2 (Fig. 3e). Participants receiving sec-
ond-line DPP4is were more likely to be
C 65 years old and less likely to have a BMI of
C 25 kg/m2 (Fig. 3f). In contrast, those pre-
scribed second-line SGLT2is were more likely to
be overweight, less likely to be C 65 years old,
and were likely to have been prescribed bigua-
nides or DPP4is as first-line monotherapy
(Fig. 3g). Patients on second-line GLP-1RAs were
likely to have received thiazolidinediones as
first-line monotherapy (Fig. 3h). Finally, those
prescribed second-line insulin generally had
worse glycemic control (Fig. 3i). Sex and car-
diovascular history did not have a significant
effect on second-line treatment choice.

DISCUSSION

This paper reports the baseline characteristics of
the patients enrolled in J-DISCOVER, i.e., Japa-
nese patients with T2DM who were being ini-
tiated on second-line treatment in 2014–2015,
and analyzes patient factors associated with
selection of specific second-line treatment. Data
were analyzed for 1806 patients with a mean
age, HbA1c, and BMI of 61.7 years, 7.7%, and
25.5 kg/m2, respectively; 49.3% of patients had
a BMI C 25 kg/m2, while 70.9% and 28.7% of
patients had HbA1c C 7% and C 8%, respec-
tively. Compared with previous observational
studies [8, 9], HbA1c in the J-DISCOVER popu-
lation was higher, but age and BMI were similar.
Mean HbA1c was probably higher in this study
because the study was limited to uncontrolled
patients who were starting second-line
treatment.

Commonly prescribed first-line monother-
apy in this study were DPP4is (53.7% of
patients), biguanides (21.4%), sulfonylureas
(7.2%), a-GIs (6.8%), glinides (3.5%), and thia-
zolidinediones (3.4%). These results reflect the
absence of specific treatment recommendation
for first-line treatment in Japanese guidelines
compared with US and European guidelines
that explicitly specify metformin as first-line
treatment [2]. Indeed, metformin was the most
frequently prescribed non-insulin monotherapy
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in the USA in 2012 (49.9% of approx. 121 mil-
lion scripts), followed by sulfonylureas (26.7%)
and DPP4is (8.0%) [15]. Our findings also differ
from an analysis of claims data (2008–2013)
from 103 Japanese hospitals, in which the most
common first-line prescriptions in adult
patients (aged 40–70 years, N[ 7000) with

T2DM were biguanides (26.5%), DPP4is
(25.2%), sulfonylureas (18.4%), a-GIs (15.2%),
and thiazolidinediones (8.3%) [16]. It is difficult
to compare our findings with these two studies,
as the methods and patient populations were
different, and data were collected over different
periods; however, the proportion of first-line

Fig. 3 Patient baseline factors associated with the choice
of second-line treatment. Logistic regression models were
used to identify factors that were significantly associated
with treatment choice. Second-line agents were
a biguanides, b sulfonylureas, c alpha-glucosidase inhibi-
tors, d thiazolidinediones, e glinides, f dipeptidyl pepti-
dase 4 inhibitors, g sodium–glucose cotransporter 2
inhibitors, h glucagon-like peptide 1 receptor agonists, or

i insulin. a-GI alpha-glucosidase inhibitors, BG biguanides,
BMI body mass index, CVD cardiovascular disease, DPP4i
dipeptidyl peptidase 4 inhibitors, eGFR estimated glomeru-
lar filtration rate, GLP-1RA glucagon-like peptide 1
receptor agonists, HbA1c glycated hemoglobin, SGLT2i
sodium–glucose cotransporter 2 inhibitors, SU sulfony-
lureas, TZD thiazolidinediones
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biguanides prescriptions in our analysis was
similar to that in the earlier Japanese claims
analysis, and DPP4is usage was approximately
twofold higher in our study than the earlier
one, while prescriptions for other agents were
lower. Therefore, we assume that many patients
who would have been prescribed agents other
than biguanides or DPP4is in 2008–2013 were
prescribed DPP4is in 2014–2015. DPP4is were
the most common choice for second-line treat-
ment in both studies, particularly in patients
who received a biguanide first line; both studies
also showed that patients prescribed first-line
DPP4is were most likely to be given biguanides
second line. Combining biguanides and DPP4is
is expected to have a synergistic effect, as
DPP4is enhance insulin secretion and inhibit
glucagon secretion by reducing endogenous
GLP-1 degradation [17–19], while metformin
increases the number of GLP-1 receptors,
enhances the insulin secretion activity of pan-
creatic b-cells, and may stimulate GLP-1 secre-
tion from L cells [16, 20]. In the current study,
the majority of patients received second-line
treatment with a mode of action different from
the first as recommended by Japanese treatment
guidelines [4]. The higher use of DPP4is as the
first- or the second-line agent in the current
study (84.7%) may reflect various favorable
characteristics of this class of agent in the

clinical practice of diabetes care, including low
risk of hypoglycemia and weight gain [2, 19],
safety (at reduced doses) in patients with renal
failure [21], cytoprotective effects on pancreatic
b-cells [22], and improved glycemic stability
[23]. In addition, compared with Caucasians,
Japanese patients with T2DM appear to be more
predisposed to impaired insulin secretion rather
than increased insulin resistance [6, 24],
Therefore, Japanese patients may receive greater
benefit from DPP4is, which increase the
endogenous incretin levels and promote insulin
secretion in a glucose-dependent manner.
Notably, the rationale for using DPP4is in
Japanese patients is supported by a systematic
review and meta-analysis, which showed that
DPP4is exhibit better glucose-lowering efficacy
in Asians than in other ethnic groups [25].

Significant associations were found between
the choice of second-line treatment and several
patient characteristics, including first-line
treatment, age, BMI, HbA1c levels, and renal
function. Sex and cardiovascular history did not
have a significant effect on second-line treat-
ment choice. Patients who were prescribed sec-
ond-line biguanides were more likely to have
been prescribed a DPP4i as first-line monother-
apy, to be younger, and to have better renal
function. Since combining biguanides and
DPP4is is expected to have a synergistic effect, it

Fig. 3 continued
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is reasonable that biguanides were selected as
second-line prescriptions for subjects treated
with DPP4is first line. Avoiding using bigua-
nides in the elderly patients and/or individuals
with poor renal function is in accordance with
the general recommendations for appropriate
use of biguanides. As may be expected, patients
prescribed second-line insulin or sulfonylureas
were more likely to have poor glycemic control
at baseline, whereas those receiving thiazo-
lidinediones generally had lower baseline
HbA1c. This may indicate a belief that sul-
fonylureas will reduce HbA1c levels more
rapidly than other agents. In addition, patients
in this study who received a sulfonylurea sec-
ond line were older (mean 62.9 years) and had
poorer renal function, which may pose a risk for
hypoglycemia [26]; however, these data were
collected before the Japanese Diabetes Society
issued guidelines for glycemic control in elderly
patients, which emphasizes the importance of
avoiding hypoglycemia in elderly patients [27],
and thus may not reflect current practice. Par-
ticipants receiving second-line DPP4is were
commonly older and less likely to be over-
weight. Patients who were prescribed an SGLT2i
second-line were more likely to be overweight.

The number of patients receiving an SGLT2i
second line was relatively low (12.2%). How-
ever, there is a possibility that prescribing
practice has since changed, as these data were
collected only a short time after SGLT2is
became available in Japan; recommendations
on the correct use of this class were released in
Japan in June 2014 [28]. Several cardiovascular
outcomes trials and large international obser-
vational studies have shown that SGLT2is
reduce cardiovascular events, heart failure hos-
pitalizations, and renal events [29–36]. Fur-
thermore, the consensus report and guideline in
the USA and Europe have recommended
SGLT2is or GLP1-RAs for patients with T2DM
and CVD or at high CV risk. These may influ-
ence the prescribing pattern of Japanese physi-
cians [3, 37].

In this study, the percentage of patients
treated with insulin as a second-line treatment
is very small. Although it may implicate clinical
inertia [38], the Japanese guidelines specify that
one of the indications for insulin therapy is

when good glycemic control is not achieved
even after treatment with oral medication for
diabetes [4]. As HbA1c was relatively low at
baseline in this study (7.7%) and all the patients
were enrolled at the initiation of a second-line
treatment, the low insulin treatment rate could
indicate that physicians are trying to control
HbA1c with oral diabetes medications before
insulin therapy.

There are some limitations to the current
study. First, the information of the treatment
pattern is restricted because of the limited
number of patients. Second, though this study
successfully enrolled patients from 142 sites of
clinics and hospitals across Japan, including
primary care physicians who are not specialized
in diabetes, these data may not be a true rep-
resentative of Japanese daily practice owing to
the limited number of sites as well as the limited
number of patients from each site.

CONCLUSION

This analysis of J-DISCOVER baseline data has
shown patient characteristics associated with
choice of second-line treatment as well as the
treatment reality for Japanese patients with
T2DM who are initiating second-line treatment.
Whereas metformin is the preferred first-line
treatment for T2DM in US and European
guidelines, in this Japanese study DPP4is were
the most frequently prescribed agents both first-
and second-line treatment. Biguanides were also
commonly used, while SGLT2is were prescribed
in a relative minority of patients. The results of
this study indicate that physicians chose sec-
ond-line treatment by considering the mode of
action of first-line treatment, as well as patients’
background characteristics and clinical condi-
tions (age, BMI, HbA1c, and renal function).
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