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ABSTRACT

Introduction: It is estimated that 642 million
adults worldwide will have diabetes by 2040,
with 80–90% of these having type 2 diabetes
mellitus (T2DM). While many new antidiabetic
agents have been introduced in recent years,
approximately 40% of T2DM patients still fail to
achieve the recommended target HbA1c of
\7.0%. Furthermore, many patients with
T2DM in Japan are treated by practitioners
other than diabetes specialists; therefore, the

exact treatment patterns of T2DM in Japan are
difficult to quantify.
Aims: J-DISCOVER aims to address the lack of
data on the management of T2DM by providing
real-world data on disease management pat-
terns and associated outcomes in a large num-
ber of Japanese T2DM patients who are
initiating second-line therapy.
Design and Setting: Part of the global DIS-
COVER study program, J-DISCOVER will follow
2000 T2DM patients recruited from 141 sites
across Japan who are aged C 20 years. Recruit-
ment began in September 2014 and follow-up
will end in December 2018. The primary
objective is to describe the long-term disease
management patterns and clinical evolution of
patients with T2DM inadequately controlled
with a first-line antidiabetic therapy who initi-
ate a second-line antidiabetic treatment. We
will assess the associations between treatment
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patterns, including the line of antidiabetic
medication used, as well as clinical and patient-
reported outcomes. The primary endpoint is the
mean change in HbA1c between baseline and at
6, 12, 24, and 36 months in the overall popu-
lation and for patients receiving each class of
second-line antidiabetic treatment.
Planned Outputs: A peer-reviewed publication
reporting real-world results and implications for
clinical practice.
Conclusion: By enrolling and following a large
number of patients with T2DM across Japan,
J-DISCOVER is expected to provide important
real-world clinical data for the development of
future T2DM treatment guidelines.
Funding: AstraZeneca K.K. and Ono Pharma-
ceutical Co., Ltd., Osaka Japan.
Clinical Trial Registration: NCT02226822.

Keywords: Diabetes mellitus; Type 2; Cohort
study; Japanese population

INTRODUCTION

In 220 countries and territories, the number of
adults living with diabetes was estimated to be
415 million in 2015. Given the rising preva-
lence of diabetes, 642 million adults worldwide
are expected to have diabetes by 2040 [1].

The National Health and Nutrition Survey in
Japan conducted by the Ministry of Health,
Labour and Welfare in 2012 reported that the
number of individuals strongly suspected of
having diabetes (SSD) and the number of indi-
viduals in whom diabetes cannot be ruled out
(possible diabetes, PD) were estimated as
approximately 9.5 and 11.0 million, respectively
[2] (definitions for SSD and PD are provided in
the Appendix in the Electronic supplementary
material, ESM). Compared with the last survey
in 2007, the estimated number of PD cases was
found to have decreased from 13.2 million to
11.0 million. Conversely, the estimated number
of SSD cases increased from 8.9 million to 9.5
million [2, 3]. In 2012, 65.2% of the SSD cases
reported that they were currently receiving dia-
betes treatment. The majority (* 85–95%) of
people living with diabetes worldwide, includ-
ing those in Japan, have type 2 diabetes (T2DM)

[4]. The number of treatment options for T2DM
has increased in recent years. A general
improvement in glucose control has been
reported, but the proportion of patients who
achieve their target glucose levels remains low. A
cross-sectional study of 53,796 T2DM patients
from 73 sites across Japan conducted by the
Diabetes Clinical Data Management Study
Group reported that the average HbA1c of T2DM
patients decreased from 7.41% in 2001 to 6.96%
in 2013. However, approximately 40% of T2DM
patients could not achieve the recommended
target HbA1c of \7.0% [5]. The optimal treat-
ment target should be decided by an investigator
based on the clinical condition of the patient
[6]. The target values for HbA1c, lipids, and
blood pressure relating to this study are shown
in the Appendix in the ESM. However, the
introduction of new diabetes treatments has not
improved the control of diabetes as much as had
been hoped, and treatments must be further
improved to aid with glycemic control and
reduce the complications associated with T2DM.

The treatment landscape for T2DM patients
has changed in recent years. From 2002 to 2012,
the proportion of T2DM patients treated with
insulin gradually decreased from 15.4 to 8.6%.
In contrast, the proportion of patients treated
with oral antidiabetic drugs (OADs) increased
from 51.4 to 59.6% in the same period [5]. The
increased number of antidiabetic agents with
different modes of action available has made
more combination therapies possible, meaning
patients are treated with OADs for longer than
before. Furthermore, T2DM is a progressive
disease and many patients undergo dual and
higher combination therapies following
monotherapy. The Japan Diabetes Complica-
tion and its Prevention study stratified patients
with T2DM by quartiles according to the mean
duration of diabetes in years, and found that the
odds of using any diabetes therapy were 2.39
(95% CI 1.88–3.03), 3.85 (95% CI 2.98–4.98),
and 5.72 (95% CI 4.31–7.60), respectively, for
the second to fourth quartiles compared with
the first quartile (P\0.001) [7].

Unlike the American Diabetes Association
and the European Association for the Study of
Diabetes treatment guidelines, which specify
metformin as the first-line treatment [8], the
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treatment guidelines of the Japan Diabetes
Society (JDS) do not specify first-line or combi-
nation antidiabetic drugs [8]. The JDS guideli-
nes largely leave the selection of antidiabetic
agents to the discretion of treating physicians,
especially for second-line treatments or higher.
The guidelines recommend selecting glucose-
lowering agents based on the disease condition
of each patient, with consideration given to the
pharmacological and safety profile of each glu-
cose-lowering agent [8]. The selection criteria
for a second-line oral glucose-lowering drug
recommend improving glycemic control
through the addition of a glucose-lowering
agent with a different mechanism of action or
by adding or switching to insulin therapy as
required [8]. The evidence behind the guideli-
nes is limited; data on current treatments of
T2DM patients and long-term glucose control
are scarce.

Large-scale cohort studies in T2DM, such as
the Japan Diabetes Complication and its
Prevention prospective [6, 9] and the Diabetes
Clinical Data Management Study Group [5, 10]
studies in Japan, are often conducted at hospi-
tals or clinics that specialize in diabetes. This is
consistent with how diabetes studies are con-
ducted overseas, including the landmark UK
Prospective Diabetes study [11]. However,
Japanese T2DM patients are often treated by
primary physicians or other physicians who do
not specialize in diabetes. Therefore, a treat-
ment reality study on second-line and greater
antidiabetic agents involving primary care
physicians would be valuable.

J-DISCOVER aims toprospectively research the
treatment reality and long-termglucose controlof
T2DM patients who are initiating second-line
diabetes treatment at sites across Japan, and to
generate basic data for guideline development in
future. To this end, the study will include not only
diabetes specialists but also other specialists at
clinics and hospitals, including cardiologists and
internal medicine specialists, to understand real-
world clinical practices regarding T2DM patients
in the early disease stage.

The DISCOVER study program
(NCT02322762) will address the lack of global
data by providing real-world data on disease
management patterns and the associated

outcomes in [15,000 T2DM patients who are
initiating second-line therapy in 37 countries
other than Japan [12]. The J-DISCOVER study
(NCT02226822) is part of the multinational
DISCOVER study program.

METHODS

Study Design and Population

J-DISCOVER is a 3-year multicenter prospective
observational longitudinal cohort study, which
will be conducted at an estimated 141 sites
across Japan. Enrollment and follow-up visits
are outlined in Fig. 1. The enrollment period
was from September 2014 to December 2015,
and the entire study period stretches from
September 2014 to December 2018.

The primary objective is to describe the dis-
ease management patterns and long-term clin-
ical evolution of T2DM patients inadequately
controlled with a first-line antidiabetic therapy,
according to the treating physician’s judgment,
who are initiating a second-line antidiabetic
treatment (either adding a second therapy to
their initial therapy or switching to a therapy of
a different medication class). In general, a
diagnosis of diabetes is made if the results of a
second diagnostic test performed on another
day confirm a judgment of ‘‘diabetic type’’.
Diabetes type is indicated by the results of
diagnostic tests corresponding to any of the
following, as specified by the Treatment Guide
for Diabetes [6]: (1) early-morning fasting glu-
cose level C 126 mg/dL, (2) 2-h plasma glucose
level after 75 g glucose loading C 200 mg/dL, (3)
random (casual) plasma glucose measurements
C 200 mg/dL, and (4) HbA1c C 6.5%. A full
explanation of categories of the state of glyce-
mia and decision criteria and how T2DM was
diagnosed is provided in the ESM.

The study also aims to assess the associations
between treatment patterns, including the first,
second, and above lines of antidiabetic medi-
cations used, and clinical outcomes, including
glycemic control, body weight, blood pressure,
lipid profile, incidences of complications (mi-
crovascular, macrovascular, hypoglycemic and
hyperglycemic events), and patient-reported
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outcomes. Retinopathy, nephropathy, and
neuropathy are classified as microangiopathies,
and coronary arteriopathy, cerebrovascular dis-
ease, and peripheral arterial disease are forms of
macroangiopathy. Diabetic foot lesions are also
included in diabetic complications. See the ESM
for more information on how the complications
of diabetes are being assessed.

This is an observational study and all treat-
ment decisions are made by treating physicians,
as in usual care.

Patients in the early disease stage often
receive diabetes care at a site that does not
specialize in diabetes. Therefore, patients will be
recruited from sites with different specialties
from diabetes, including cardiology, internal
medicines, and others, to reflect real-world
diabetes treatment.

The specific site and the specialties of the
treating physicians may influence their clinical
management of diabetes and the profile of the
patients attending each site, so patients were
recruited from clinics and hospitals across Japan
to obtain a representative sample of T2DM
patients.

Compliance with Ethics Guidelines

All procedures followed are in accordance with
the the International Conference on

Harmonization of Good Clinical Practice, the
Ethical Guidelines for Epidemiological Research
of Japan, the ethical standards of the responsi-
ble committee on human experimentation (in-
stitutional and national), and the Helsinki
Declaration of 1964, as revised in 2013.
Informed consent was obtained from all
patients included in the study. This study has
been approved by the relevant ethical commit-
tees of the participating sites and informed
consent was obtained from all patients at each
site. All patients participate voluntarily and are
free to discontinue their participation at any
point.

Inclusion and Exclusion Criteria

Patients were included in this study if they were
female or male aged C 20 years, were diagnosed
with T2DM, were initiating a second oral or
parenteral antidiabetic therapy added to oral
antidiabetic monotherapy or were switching
from the monotherapy to another monother-
apy with a different class of drug, and if they
provided written informed consent. There were
no strict inclusion criteria based on HbA1c in
this study, because all patients were already
taking an OAD. However, as previously men-
tioned, in Japan, a diagnosis of TD2M is gener-
ally based on the following: early morning

Fig. 1 Study design. E enrollment, BG biguanide, SU
sulfonylurea, a-GI alpha-glucosidase inhibitor, TZD thia-
zolidine, DPP4i dipeptidyl-peptidase 4 inhibitor, SGLT2i

sodium–glucose cotransporter 2 inhibitor, GLP-1RA
glucagon-like peptide-1 receptor agonist
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fasting plasma glucose (PG) C 126 mg/dL, 2-h
PG after 75 g glucose load C 200 mg/dL, or
casual plasma glucose C 200 mg/dL [6]. The
details of the inclusion and exclusion criteria
used are shown in Table 1.

The study protocol was reviewed and
approved by the ethics committee or the insti-
tutional review board of each participating site.
Written informed consent was obtained from
all participants at each participating institution
in accordance with the Ethical Guidelines for
Epidemiological Research of the Japanese Min-
istry of Health, Labour and Welfare, as well as

the Declaration of Helsinki. The study is regis-
tered in clinicaltrial.gov (NCT02226822).

Data Collection

During the study period, patients will visit the
study sites for routine visits. Baseline data will
be collected after informed consent, and follow-
up data will be obtained from patient records at
6-, 12-, 24-, and 36-month time points with a
± 2-month buffer period (Fig. 1).

This is an observational study. Regardless of
any change in diabetes treatment during study
period, patients will be followed, and relevant
data will be collected at the study sites until the
end of the study wherever possible.

Data will be entered into an electronic data
capture system and checked by the data man-
agement team. The team will issue queries to
investigators through the electronic data cap-
ture system. Following the manual provided,
investigators will enter data and electronically
sign off the electronic case report form. A
schedule showing the measurements that will
be performed at each visit is shown in Table 2.

Objectives

Primary Objectives
The primary objective is to describe the long-
term disease management patterns (type and
number of medicines prescribed, and other
management approaches used) and clinical
evolution (clinical course, such as glycemic
control, including HbA1c and hypoglycemic
frequencies; degree of progression and progno-
sis of complications; and changes in the quality
of life) of patients with T2DM inadequately
controlled with a first-line antidiabetic therapy
who initiate a second-line antidiabetic treat-
ment (either adding a second therapy to the first
therapy or switching the first therapy to a sec-
ond therapy).

Secondary Objectives
The secondary objectives include describing the
overall and medication class-specific treatment
response in terms of change from baseline in
HbA1c, blood glucose (fasting plasma glucose

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Subjects in this study must fulfill all of the following

criteria:

1. Provide written informed consent for study

participation

2. Female or male aged 20 years or over

3. Diagnosed with type 2 diabetes mellitus

4. Initiating a second oral or parenteral antidiabetic

therapy added to oral antidiabetic monotherapy or

switching from the monotherapy to another

monotherapy with a different drug class

Exclusion criteria

Patients will not be eligible to participate if any of the

following exclusion criteria are present:

1. Diagnosis of type 1 diabetes mellitus

2. Current pregnancy

3. Current treatment for any cancer

4. Current dialysis treatment or renal transplantation

5. Current treatment with any oral steroids

6. Participation in any randomized control trials

7. Presence of any condition/circumstance that, in the

opinion of the investigator, could significantly limit

the complete follow-up of the patient (e.g., tourist,

non-native speaker who does not understand the local

language where an interpreter is not available,

psychiatric disturbances, alcohol or drug abuse).
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Table 2 Study plan

Data collection Enrollment Year 1 Year
2

Year
3

Visit number 1 2 3 4 5
Study month Day 0 6 12 24 36

Written informed

consent

Xa

Site and physician

characteristics

X

Demographicsb X

Risk factors

(smoking status,

etc.)

X

Changes in

demographics

and risk factors

X X

Diabetes medical

and treatment

history

X

Medical history

(comorbidities)

X

Concomitant

medications

X

New

comorbidities,

concomitant

medications, and

interventions

(including

chemotherapy,

steroids, dialysis)

X X X X

Physical

examination

(including

height, weight,

waist

circumference,

heart rate, blood

pressure, etc.)

X X X X X

Laboratory testsc X X X X X

Table 2 continued

Data collection Enrollment Year 1 Year
2

Year
3

Visit number 1 2 3 4 5
Study month Day 0 6 12 24 36

HbA1c and

glucose at the

time of diabetes

treatment

change

X X X X X

Diabetes

medication

changes from

baseline

X X X X

QOL

questionnaires

(SF-36, DTSQ)

X X X X X

BDHQ X X X X

Physical activity

questionnaires

(IPAQ-SV)

X X X X X

Minor

hypoglycemic

events in last

1 month

X X X X X

Major

hypoglycemic

events in last

12 months/last

visit

X X X X X

Hyperglycemia

hospitalization

since the last

visit

X X X X X

Incidence and

progression of

microvascular

complications

since last visit

X X X X

170 Diabetes Ther (2018) 9:165–175



[FPG], casual plasma glucose [CPG], or post-
prandial plasma glucose [PPG]), body weight,
blood pressure and lipid profile, and the
achievement rates of HbA1c and blood glucose
target goals. Furthermore, we aim to describe
treatment changes, including the proportion of
patients who initiate with a second, third,
fourth or higher level of antidiabetic medica-
tion at each follow-up visit, the proportion that
initiate insulin therapy and the dose of insulin,

the proportion of patients who switch antidia-
betic medication, and the changes in dose for
each treatment.

We also aim to describe the diabetes-associ-
ated complications in terms of microvascular
complications, incidence of chronic nephropa-
thy, dialysis, diabetic retinopathy, retinal pho-
tocoagulation, amputation of lower extremity,
diabetic foot disease, peripheral nerve disorders,
autonomic nervous system disorders, and erec-
tile dysfunction in the whole population and by
second-line antidiabetic medication class.

Further secondary objectives include
describing the incidence of macrovascular
complications (heart failure, myocardial infarc-
tion, and stroke), hypoglycemic events and
hyperglycemia hospitalizations in the whole
population and by second-line antidiabetic
medication class; describing in the whole pop-
ulation and in second-line antidiabetic medi-
cation class subgroups the patient-reported
quality of life, diet, and level of physical activ-
ity; identifying risk factors associated with
poorer clinical outcomes during follow-up, such
as patient characteristics at baseline (age, gen-
der, duration of diabetes, and presence of
comorbidities); and identifying the determi-
nants of treatment choice at baseline.

Endpoints

Primary Endpoint
The primary endpoint is the mean change in
HbA1c between baseline and at 6, 12, 24, and
36 months in the overall population and by
second-line antidiabetic medication class.

Secondary Endpoints
The secondary endpoints are the mean changes
in blood glucose, body weight, body mass
index, and lipid profiles between baseline and 6,
12, 24, and 36 months in the overall population
and by second-line antidiabetic medication
class.

Exploratory Endpoints
The exploratory endpoints are the changes in
antidiabetic medications, microvascular and
macrovascular events, patient reported

Table 2 continued

Data collection Enrollment Year 1 Year
2

Year
3

Visit number 1 2 3 4 5
Study month Day 0 6 12 24 36

Incidence of

macrovascular

complications

since last visit

X X X X

BDHQ Brief-Type Self-Administration Diet History
Questionnaire, DTSQ Diabetes Treatment Satisfaction
Questionnaire, HbA1c glycated hemoglobin, IPAQ-SV
International Physical Activity Questionnaire Short Ver-
sion, SF-36 36-Item Short-Form Health Survey
a Informed consent must be obtained before data collec-
tion is started
b Demographics: gender, date of birth, race, living
arrangement status (living alone, living with someone, etc.),
education level (no education or primary school, etc.),
employment status (full-time worker, part-time worker,
etc.), smoking status, alcohol intake, family history of
diabetes, bed time (day or night), average sleeping hours
per day in usual week, menstrual status (women only)
c Laboratory tests: aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), gamma-glutamyltranspepti-
dase (c-GTP), alkaline phosphatase (ALP), serum
creatinine, serum albumin, fasting serum insulin (IRI),
hematocrit, white blood cell, hemoglobin, platelet, serum
C-peptide, high-sensitivity C-reactive protein (CRP),
serum amylase, serum ketone body, serum uric acid, total
cholesterol, LDL cholesterol, HDL cholesterol, triglyc-
erides, urinary test data (if routine urinary test data are
available). Urinary test data include: urinary glucose
(qualitative), urine protein (qualitative), urine protein
(quantitative), urine albumin (quantitative), urinary
ketone (qualitative), urinary ketone (quantitative), urinary
albumin to creatinine ratio, urine protein to creatinine
ratio

Diabetes Ther (2018) 9:165–175 171



outcomes, and lifestyle variables, including
sleeping behaviors, in the overall population
and by second-line antidiabetic medication.
Patient-reported outcomes will be measured
using the standard 36-Item Short-Form Health
Survey (SF-36) [13, 14], the Diabetes Treatment
Satisfaction Questionnaire (DTSQ) [15], the
International Physical Activity Questionnaire
(IPAQ-SV) [16, 17] and the Brief-Type Self-Ad-
ministered Diet History Questionnaire (BDHQ)
[18–20], which are to be completed by patients
at the allocated visits. Lifestyle variables will be
estimated using the SF-36, DTSQ, IPAQ-SV, and
BDHQ as relevant.

Safety Reporting
Due to the noninterventional nature of this
study, no proactive safety data collection will
take place. Adverse drug reactions (ADRs) will
be reported to health authorities as stated in
local regulations and, if the investigator con-
siders it appropriate, the sponsor (in the case of
ADRs to an AstraZeneca product) or the corre-
sponding marketing authorization holder of the
drug will be notified.

Sample Size

The J-DISCOVER study aims to recruit 2000
patients. This sample size was calculated to
provide sufficiently precise and meaningful data
for the primary objective at a compound class
level. The sample size was estimated to be 2000
and intended to have at least 200 patients for
any specific compound class. Any qualitative
variable at a frequency of 5–95% with a sample
size of 200 patients should ensure a precision
range of 3.0–6.9% at a 95% confidence limit.

Statistical Analyses

Statistical analysis will be conducted with SAS
(version 9.2; SAS Institute Inc., Cary, NC, USA).

An interim analysis will be performed after
the first and second years following the enroll-
ment of the last patient, and the final analysis of
all three years will be reported. The study pop-
ulation for analysis will consist of all patients
enrolled in the study. Demographic variables,

patient characteristics, and treatment patterns
will be summarized using descriptive statistics.
Descriptive statistics will include n, mean,
median, standard deviation, minimum and
maximum for continuous variables, and fre-
quency for categorical variables. Inferential
statistics will present data using two-sided 95%
confidence intervals when considered relevant.
Identification of predictors of treatment choice
at baseline using baseline characteristics will be
attempted using multivariable regression mod-
els. Changes in HbA1c, blood glucose, lipid
profile, body weight, and blood pressure will be
summarized with descriptive statistics. Stratifi-
cations will be made by antidiabetic class at
baseline, and regression models will be used to
see if antidiabetic class at baseline is a predictor
of these outcomes.

Proportions of patients switching and/or
adding treatments and/or changing doses of
treatments will be summarized with descriptive
statistics.

Kaplan–Meier estimates of the cumulative
incidence of the following events will be calcu-
lated and plotted: switching of second-line treat-
ment; initiation of insulin therapy; initiation of
the third or above antidiabetic therapy. Multi-
variable Cox models will be applied to analyze
time-to-event data to assess the association of
treatment class at baseline and other baseline
variables with clinical outcome variables.

New and/or progression of diabetic
nephropathy or neuropathy; retinal laser and/or
intraocular treatment due to the development
of and/or a deterioration in diabetic retinopa-
thy; nontraumatic amputation; minor and
major hypoglycemia and/or hospitalization for
hypoglycemia; and cardiovascular events will be
summarized descriptively. Stratifications will be
made by antidiabetic therapy class at baseline,
and logistic regression or Cox model, depend-
ing on whether the outcome is binary or time-
to-event, will be used to determine if antidia-
betic therapy class at baseline is a predictor of
these outcomes. Further information relating to
the assessment of progression of complications
is provided in the ESM.

Quality of life results will be summarized
descriptively. Stratifications will be made by
antidiabetic therapy class at baseline, and
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regression models will be used to determine if
antidiabetic therapy class at baseline is a pre-
dictor of these outcomes.

CONCLUSION

In summary, J-DISCOVER is an ongoing single-
country, multicenter, observational, prospec-
tive, longitudinal cohort study, as part of the
global DISCOVER program. It is estimated that
approximately 2000 patients will be enrolled
and followed-up for 3 years. The study will be
expected to provide basic data for the develop-
ment of future guidelines for T2DM.
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