
Design of and rationale for the Japan
Diabetes Optimal Integrated Treatment
study for 3 major risk factors of
cardiovascular diseases ( J-DOIT3):
a multicenter, open-label, randomized,
parallel-group trial

Kohjiro Ueki,1,2,3,4 Takayoshi Sasako,1,3,4 Masayuki Kato,5 Yukiko Okazaki,1

Sumie Okahata,6 Hisayuki Katsuyama,7 Mikiko Haraguchi,1 Ai Morita,1

Ken Ohashi,8 Kazuo Hara,9 Atsushi Morise,10 Kazuo Izumi,11 Yasuo Ohashi,12

Mitsuhiko Noda,13 Takashi Kadowaki,1,4 the J-DOIT3 Study Group

To cite: Ueki K, Sasako T,
Kato M, et al. Design of and
rationale for the Japan
Diabetes Optimal Integrated
Treatment study for 3 major
risk factors of cardiovascular
diseases ( J-DOIT3):
a multicenter, open-label,
randomized, parallel-group
trial. BMJ Open Diabetes
Research and Care 2016;4:
e000123. doi:10.1136/
bmjdrc-2015-000123

▸ Additional material is
available. To view please visit
the journal (http://dx.doi.org/
10.1136/bmjdrc-2015-
000123).

Received 10 June 2015
Revised 22 October 2015
Accepted 26 October 2015

For numbered affiliations see
end of article.

Correspondence to
Dr Takashi Kadowaki;
kadowaki-3im@h.u-tokyo.ac.jp

ABSTRACT
Objective: Multifactorial intervention including the
management of levels of blood glucose (BG), blood
pressure (BP), and lipids has been suggested to
decrease cardiovascular disease (CVD) risk. However,
the target ideal and feasible levels for these individual
parameters have not been fully evaluated. In this study,
we examine the hypothesis that stricter control
compared with the current targets in the Japanese
guideline for BG, BP, and lipids could efficiently and
safely reduce CVD risk.
Research Design and Methods: We screened
patients with type 2 diabetes and hypertension
and/or dyslipidemia among 81 hospitals in Japan
and allocated them into 2 groups: the intensive
therapy group (ITG) and the conventional therapy
group (CTG). For the 2 respective groups, the
target for glycated hemoglobin (HbA1c) is <6.2%
(44 mmol/mol) and <6.9% (52 mmol/mol), for BP it
is <120/75 mm Hg and <130/80 mm Hg, and for
low-density lipoprotein cholesterol it is <80 mg/dL
(<70 mg/dL in the presence of CVD history) and
<120 mg/dL (<100 mg/dL in the presence of CVD
history). The primary end point is the occurrence of
CVD events or death by any cause. These patients
are scheduled for stepwise intensifications of
medication for BG, BP, and lipid control in the ITG,
until the number of primary end point events
reaches 250.
Results: We recruited 2542 patients and randomly
allocated 1271 into the ITG and 1271 into the CTG
between June 2006 and March 2009. The mean HbA1c
was 8.0% (64 mmol/mol) and the mean duration of
diabetes was 8.3 years.
Conclusions: This randomized controlled study will
test the hypothesis that strict multifactorial intervention
therapy is effective for the prevention of CVDs in
patients with type 2 diabetes who are at high CVD risk.
Trial registration number: NCT00300976.

INTRODUCTION
The epidemic of type 2 diabetes mellitus is a
serious health issue worldwide. In Japan, 9.5
million people are estimated to have this
disease (National Health Surveillance 2013)
that is characterized by chronic hypergly-
cemia associated with insufficient insulin
action that leads to disorders in glucose,
lipid, and protein metabolism. When these
metabolic disorders are chronic, they can
manifest diabetic microvascular and macro-
vascular complications. Macrovascular lesions
involving large vessels, such as the coronary
artery, cerebral artery, or arteries of the lower
extremities, account for myocardial infarc-
tion, cerebral infarction, and peripheral
artery disease, whereas microvascular lesions
account for visual impairment, renal failure,
and neuropathy. Epidemiological studies,
including the Hisayama study, demonstrate
that diabetes is associated with a near three-
fold risk for the onset of macrovascular

Key messages

▪ We successfully set up a randomized control
study to test the hypothesis that strict multifac-
torial intervention therapy is effective for the pre-
vention of cardiovascular diseases in patients of
type 2 diabetes mellitus at high risk.

▪ We recruited 2542 patients in 81 facilities in
Japan and randomly allocated 1271 patients into
the intensive therapy group.

▪ This study continues until the number of primary
end point events, including death, myocardial
infarction, and stroke, reaches 250.
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diseases such as myocardial infarction and stroke, and
that this risk becomes greater when it is accompanied by
hypertension and/or dyslipidemia.1 Furthermore, a total
of 16 000 patients are estimated to start receiving hemo-
dialysis annually due to diabetic nephropathy, and a
large number of patients develop ischemic heart disease
or stroke, at an incidence of 17.0/1000 person-years in
the Japan Diabetes Complications Study ( JDCS).2 No
evidence has been obtained, however, that glycemic
control will prevent cardiovascular diseases (CVDs) in
patients with diabetes in the Japanese population,
although the Kumamoto study showed that intensive
insulin therapy reduced the risk of microvascular
complications.3

Globally, a number of clinical studies evaluating
various antidiabetic therapeutic strategies have been
conducted to provide evidence that intensive therapy
reduces microvascular and macrovascular complications.
Of these, the UK Prospective Diabetes Study 33 (UKPDS
33), in which a total of 3867 patients with type 2 dia-
betes were randomly assigned to intensive therapy with
sulfonylurea/insulin or to conventional diet therapy for
glycemic control, came to a noteworthy conclusion that
intensive therapy led to a decrease in the risk for the
onset of microvascular complications among the treated
patients, compared with diet therapy alone.4 Moreover,
in the UKPDS 35, in which the results of the UKPDS
were further analyzed epidemiologically, it was shown
that decreases in glycated hemoglobin (HbA1c) are par-
alleled with decreases in the risk for mortality, myocar-
dial infarction, and microvascular complications.5

Furthermore, the 10-year post-trial observational study of
UKPDS revealed the existence of a ‘legacy effect’ that
caused intensive blood glucose (BG) control immedi-
ately after disease onset to be associated with long-term
beneficial effects on the prevention of coronary events
and death by any cause.6 For the patients with advanced
type 2 diabetes, the PROactive (PROspective
pioglitAzone Clinical Trial In macroVascular Events)
study demonstrated that pioglitazone added to conven-
tional therapy produced greater reductions in the onset
of macrovascular complications than did placebo, indi-
cating that intensive therapy with pioglitazone is effica-
cious for the secondary prevention of macrovascular
complications.7 However, recent trials challenging
whether controlling hyperglycemia to near normal levels
of HbA1c could reduce the risk of macrovascular com-
plications, such as the ACCORD (Action to Control
Cardiovascular Risk in Diabetes) trial,8 the ADVANCE
(Action in Diabetes and Vascular Disease: PreterAx and
DiamicroN Modified Release Controlled Evaluation)
trial,9 and the VADT (Veterans Affairs Diabetes Trial),10

failed to show the beneficial effect of intensive BG
control for patients with advanced stages of diabetes,
presumably due to a marked increase in severe hypogly-
cemic episodes.
However, the Steno-2 study, in which patients with type

2 diabetes with microalbuminuria were randomly

assigned to intensive therapy for rigorous BG, blood
pressure (BP), and lipid control or to conventional
therapy, reported a reduction in the incidence of micro-
vascular and macrovascular complications in patients
treated with multifactorial intensive therapy.11 Moreover,
the 5-year post-trial observational study of Steno-2
showed a significant reduction in macrovascular compli-
cations and mortality in the intensive therapy group
(ITG),12 suggesting that the comprehensive and strict
control of BG, BP, and lipids brings with it long-term
beneficial effects on the prevention of macrovascular
complications and death, due to the possible ‘legacy
effect’. Still, the study had limitations, including the
small number of participants, only 160. In addition, gly-
cemic control may not have been sufficient, because the
mean HbA1c was nearly 8% (64 mmol/mol) and the
achievement rate of the target HbA1c, <6.5%
(48 mmol/mol), was around 15%, even in the ITG.
Effectiveness of multifactorial intervention was investi-

gated also in the ADDITION-Europe (Anglo-Danish-
Dutch Study of Intensive Treatment In People with
Screen Detected Diabetes in Primary Care), in which
over 3000 patients with newly diagnosed type 2 diabetes
were recruited, whose mean baseline HbA1c was about
7% (53 mmol/mol), resulting in a slight but non-
significant reduction in CVD events.13

Most recently, the EMPA-REG OUTCOME study
showed that a sodium–glucose linked co-transporter 2
(SGLT2) inhibitor, empagliflozin, reduced cardiovascu-
lar mortality, with no difference in incidence of myocar-
dial infarction or stroke.14

In 2005, the Ministry of Health, Labor and Welfare
(MHLW) of Japan developed a new category of research
projects, namely ‘strategic research’, whose target dis-
eases were of the highest social priority and whose
results were expected to be immediately applied to the
clinical practice and the Japanese healthcare system. In
the field of diabetes, three trials were planned; specific-
ally, the Japan Diabetes Outcome Intervention Trial
( J-DOIT),15 including J-DOIT1, aimed at reducing the
conversion from impaired glucose tolerance to diabetes
through education and lifestyle modification;16 J-DOIT2
aimed at reducing patient dropout rates from diabetes
treatment through improved therapy from primary care
physicians;17 and J-DOIT3 aimed at reducing macrovas-
cular complications through multifactorial interventions.
Here, we describe the design of and rationale for
J-DOIT3, renamed the Japan Diabetes Optimal
Integrated Treatment study for three major risk factors
of cardiovascular diseases, which started in 2006 and is,
as of this writing, still underway.

RESEARCH DESIGN AND METHODS
Study design
The present trial is a multicenter, open-label, rando-
mized, parallel-group study, conducted to examine the
efficacy of intensive multifactorial therapy on the

2 BMJ Open Diabetes Research and Care 2016;4:e000123. doi:10.1136/bmjdrc-2015-000123
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development and exacerbation of diabetic complica-
tions, in particular CVDs, and mortality in patients with
type 2 diabetes with high risk for CVDs, whose details
are available online.18 In this trial, patients with type 2
diabetes who were at high risk of macrovascular compli-
cations were recruited, allocated to either the conven-
tional therapy group (CTG) or the ITG, and followed
up (figure 1).

Organization and funding
Research funding is to be accounted for by the MHLW
grants in aid, as well as corporate donations, as
described later, and to be supplied through the funding
agency, which was shifted from the Japan Foundation
for the Promotion of International Medical Research
Co-operation (the National Center for Global Health
and Medicine, Tokyo, Japan), or JF-PIMRC, to the Japan
Diabetes Foundation ( JDF) in April 2013 (see
sFigure 1).
To monitor and assess the research, the foundation

organized the Trial Coordinating Committee, the Trial
Administrative Committee, the Trial Assessment
Committee, the Trial Progress Management Committee,
the Safety Assessment Committee, the Central Ethics
Committee, and the Endpoint Assessment Committees,
whose purposes are referred to online.18 Among them,
the Endpoint Assessment Committees are blinded to the
study arm, whereas the Trial Assessment Committee and
the Safety Assessment Committee are not. The protocol
of this study, as further mentioned later, was approved
by the Central Ethics Committee.

Eligibility
Medical institutions were selected in Japan that
employed certified diabetologist(s) who were expected
to register 50 or more participants (25 or more partici-
pants per group) with type 2 diabetes and hypertension
and/or dyslipidemia. The inclusion and exclusion cri-
teria, shown in sTable 1 and 2, respectively, were formu-
lated to recruit those patients who were at high risk of
CVDs, but still allow for intensification of medication for
BG, BP, and lipids.

Informed consent, registration, and random allocation
The physician in charge explained the study particulars
in person to each candidate participant to obtain
consent to participate in the study, and the written docu-
ment of informed consent was obtained one or more
days after the date of the physician’s explanation.
On receiving the patient’s registration, the Data

Center was to confirm the eligibility of the participant,
followed by dynamic allocation to the CTG or to the
ITG in a 1:1 ratio through randomization adjusted by
the presence or absence of CVD (myocardial infarction,
stroke, coronary bypass surgery, percutaneous coronary
angioplasty, cerebral revascularization, or cerebrovascu-
lar reconstruction), male/female ratio, age (≥60,
<60 years old), and HbA1c (≥8.9% (74 mmol/mol),
<8.9%), to ensure a balanced allocation of participant
characteristics between the groups (figure 1).
After registration, each time the protocol is revised,

informed consent is reobtained in all participants receiv-
ing investigational treatment. For participants who are

Figure 1 Screening, enrollment,

and randomization of study

participants (BMI, body mass

index; CTG, conventional therapy

group; HbA1c, glycated

hemoglobin; HDL-C, high-density

lipoprotein cholesterol; IHD,

ischemic heart disease; ITG,

intensive therapy group; LDL-C,

low-density lipoprotein

cholesterol).
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incompetent, consent from a family member or legally
authorized representative is received instead.

Management goals and investigational treatment
The treatment goals were to be set in accordance with
the ‘Treatment guide for diabetes’ edited by the Japan
Diabetes Society19 in the CTG, and set stricter in the
ITG (figure 1), with rationale as follows. The target
HbA1c was the value of ‘excellently controlled’ in the
Treatment Guide (2006), which was defined on the basis
of the distribution of the HbA1c of the individuals with
normal glucose tolerance. The target BP and low-density
lipoprotein cholesterol were set by reference to clinical
evidence available when this study was planned, includ-
ing a meta-analysis on BP lowering by the PSC
(Prospective Studies Collaboration),20 and results of the
CARDS (Collaborative Atorvastatin Diabetes Study), an
interventional trial of lipid lowering.21 To achieve these
target goals, which have been kept unchanged through-
out the course of the study, medications in the ITG are
intensified in a stepwise manner in 3–6 months, mainly
utilizing drugs proven to prevent CVDs (see sFigure 2).
In the ITG, for glycemic control, all participants main-

tain treatment after registration with predetermined diet
and exercise therapy, and if they fail to achieve an
HbA1c<6.2% (44 mmol/mol) in the first 3 months, the
treatment is intensified with antidiabetic drugs categor-
ized into 4 groups, mainly those that improve insulin
resistance with less risk of hypoglycemia. Among insulin
sensitizers, pioglitazone, the only thiazolidinedione
derivative available in Japan, was preferred because it
had emerging evidence of CVD prevention, such as the
PROactive study,7 when this study was planned. It was
also because only low-dose biguanides were allowed to
be administered until 2010 in Japan. In the 6 months
thereafter, the treatment is to be intensified if they fail
to achieve an HbA1c<6.2% or ≥1% decrease in HbA1c
(see sFigure 2). If any of the participants receiving treat-
ment on an outpatient basis do not achieve the manage-
ment goals, hospitalization will be recommended to
ensure better glycemic control. All participants in the
ITG are provided a BG meter for self-monitoring of BG
(SMBG), and the physicians in charge remain informed
of the measured results.
All participants maintain treatment for BP on registra-

tion with predetermined diet and exercise therapy, and
if they fail to achieve BP<120/75 mm Hg in the first
3 months, they are given antihypertensive drugs in steps
to ensure that the goal is achieved in 3–6 months, as
shown in sFigure 2. All the participants in the ITG are
also provided a BP manometer at study entry, and the
physician in charge remains informed of these measure-
ments. The physician in charge is to keep informed of
self-measured BP for decisions regarding dose escalation
or replacement of antihypertensive drugs.
All participants maintain lipid control treatment on

registration with predetermined diet and exercise
therapy, and if they fail to achieve the lipid control goal

in the first 3 months, they are given lipid-lowering drugs,
as shown in sFigure 2.
In both groups, all participants with a history of CVDs

are given antiplatelet and anticoagulant therapy, such as
low-dose aspirin and warfarin, in accordance with the
guideline.19

It is up to the physician in charge to choose which
agent in a class (eg, insulin) to administer. The excep-
tions are pioglitazone and ezetimibe, both of which are
the only drugs in their class (thiazolidinedione deriva-
tives, cholesterol absorption inhibitors, respectively)
available in Japan, and so was eicosapentaenoic acid
(EPA), which was included in the omega-3 fatty acids
thereafter, as is further mentioned later.

Lifestyle modifications
In both groups, the participants are obliged to follow
lifestyle modifications as shown in sTable 3.
Interventions are intensified, focusing on self-
monitoring in daily life, for stricter management goals
in the ITG, to improve insulin resistance and reduce
body weight. Moreover, the physician in charge remains
informed of their measurements and reports on each
visit.
The participants in both study groups are instructed

on diet by using the “Food exchange lists—dietary guid-
ance for persons with diabetes” edited by the Japan
Diabetes Society.22 Those with diabetic nephropathy in
both study groups are encouraged to restrict protein
intake in accordance with the guideline.19

Observation and evaluation schedule
The frequency of hospital visits had been at least once a
month, which was modified in January 2010 as follows:
(1) at least once a month in those patients receiving
insulin therapy and those patients with unstable gly-
cemic control, and (2) a maximum of 3 months apart in
those patients who have almost achieved management
goals for glycemic control and other factors and whose
conditions are stable (except those receiving insulin
therapy). An outline of the observation/evaluation
schedule for the study is shown in table 1.

Outcomes
The end points of the study are shown in table 2, and
among them the primary end point and the secondary
end point (1) are composite end points. The definitions
are set forth, as shown in sTable 4, so that the End Point
Assessment Committees could verify each event in an
objective fashion.
During the course of the study, general investigations

are performed on a regular basis to keep track of the
incidence of CVD events as well as to see if the study is
progressing as planned.
Even when an event defined as a primary or secondary

end point occurred in a particular participant, the par-
ticipant continues to be part of the study and is observed
for occurrence of other events.

4 BMJ Open Diabetes Research and Care 2016;4:e000123. doi:10.1136/bmjdrc-2015-000123
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Sample size and study duration
The trial participants were estimated to include those
with ischemic heart disease and those without at a ratio
of 3:7, with the occurrence of events, including deaths
per year, estimated at 4.4% (10% in those with a history
of ischemic heart disease and 2% in those without) in
the CTG.
To verify a 30% risk reduction in the ITG at the two-

sided significance level of 5% with a 90% power, we esti-
mated the required number of events to be 328, and the
required number of patients during the original observa-
tion period of 3.75 years was calculated to be 1408 partici-
pants per arm by using the Shoenfeld-Richter nomograms.
To recruit sufficient participants, we modified the

lower limit of HbA1c in the inclusion criteria from 7.4%

(57 mmol/mol) to 6.9% (52 mmol/mol) in December
2006.
At the end of the accrual period in March 2009,

however, the final number of participating participants,
2542 in total (figure 1), and the ratio of those with pre-
vious CVD events, 11.0% (table 3), fell short of the
expectation. Thus, we recalculated the required number
of events as 250, by lowering the power to 80%, and the
participants are to be followed up until the required
events occur to test the hypothesis.
However, the annual event rate was about half of the

original estimate, probably due to advances in diabetes
care in clinical practice. In January 2010, the primary
end point was modified, from ‘the incidence of myocar-
dial infarction, stroke, or death’, which was thereafter
included in the secondary end points, to the present
one shown in table 2. Now the study duration is
expected to be 9.75 years (until March 2016), yielding a
mean intervention duration of approximately 8 years.

Safety
The physician in charge is to collect data on adverse
events, including any of the following four symptoms by
using active surveillance: hypoglycemia, edema, palpita-
tion, and shortness of breath. Among them, occurrence
of hypoglycemia is to be judged by the physician in
charge by taking results of SMBG also into account.
Severe hypoglycemia is defined as hypoglycemia requir-
ing someone else’s assistance and/or admission.
Serious adverse events include severe hypoglycemia as

well as those defined in the ethical guidelines,23 which
are mentioned later.
The Safety Assessment Committee is to review all

reported adverse events, and to make recommendations
to the research leader with regard to the handling of
the cases (including judgment as to whether the study is

Table 1 Measures

At regular hospital visits Body weight, blood pressure (on an outpatient basis)

Blood glucose, HbA1c, lipid panel (total cholesterol, LDL cholesterol (non-HDL

cholesterol), HDL cholesterol, and triglyceride), hematological examination, hepatic/renal

function test, serum electrolytes, and CK

Every 6 months Urinary albumin–creatinine ratio

Every 12 months Body height, waist circumference

Fasting blood glucose, fasting lipid panel

Chest radiograph, echocardiogram, fundus examination

Clinical parameters examined centrally

▸ hs-CRP, fasting serum insulin, and GA

– Fundus examination is also performed within 6 months prior to the end of the study

At registration, 1 year later, 3 years

later, and at the end of the study

Clinical parameters examined centrally

▸ Adiponectin (including high-molecular-weight adiponectin)

Questionnaires

▸ SF-36, PAID, BDI, PHRF-SCL (SF), and DHQ

– Adiponectin is examined at registration, in March 2013, and at the end of the study

At the end of the study DTSQ and recognition testing

BDI, beck depression inventory; DHQ, dietary history questionnaire; DTSQ, diabetes treatment satisfaction questionnaire; GA, glycoalbumin; HbA1c,
glycated hemoglobin; HDL, high-density lipoprotein; hs-CRP, high-sensitive C reactive protein; LDL, low-density lipoprotein; PAID, problem area in
diabetes survey; PHRF-SCL (SF), public health research foundation stress check list (short form), SF-36, medical outcomes study-short-form 36-item
health survey.

Table 2 Outcomes

Primary end

point

Occurrence of either

▸ Myocardial infarction

▸ Coronary bypass surgery

▸ Percutaneous transluminal coronary

angioplasty

▸ Stroke

▸ Carotid endarterectomy

▸ Percutaneous transluminal cerebral

angioplasty

▸ Carotid artery stenting

▸ Death (irrespective of its causes)

Secondary

end points

1. Occurrence of myocardial infarction,

stroke, or death

2. Onset or progression of nephropathy

3. Lower limb vascular events (amputation

or revascularization of lower limb)

4. Onset or progression of retinopathy
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to be continued with the participants, instructions
required to be given to the medical institutions of inter-
est, or whether the trial protocol needs to be revised).
When the ACCORD study was discontinued in

February 2008, the research leader temporally sus-
pended new registration and intensification of treatment
in the ITG for 2 weeks until the Trial Assessment
Committee performed interim analysis and confirmed
that (1) CVD events had not been increased in the ITG,
(2) occurrence of events had not been correlated with
HbA1c, and (3) almost no occurrence of severe hypogly-
cemia had been seen in the ITG. The Safety Assessment
Committee also confirmed that severe adverse events
had not been increased in the ITG. Moreover, as was
recommended by the committee, the occurrence of
death is to be monitored on a real-time basis thereafter.

Discontinuance and dropout
The criteria for treatment discontinuance are the follow-
ing: occurrence of a serious macrovascular or micro-
vascular disease, occurrence of another serious
complicating disease, diagnosis or strong suspicion of
type 1 diabetes (including autoantibody positive), diffi-
culties continuing treatment due to adverse events,
patient request for discontinuance, patient death, or
other cases in which the physician in charge judged con-
tinued treatment would be difficult.
Even when the investigational treatment is discontin-

ued, with the participant’s consent (for participants who

are incompetent, consent from the family member or
legally authorized representative), the participant can be
followed up on the presence or absence of the primary
and secondary end points of the study.
Dropout cases in this study include (1) those who

have discontinued investigational treatment without
consent of follow-up, and (2) those with whom the study
team have lost contact.

Ethical principles
The current trial is to be conducted in accordance with
the Helsinki declarations, as well as the ‘Ethical
Guidelines for the Conduct of Clinical Studies’ (The
MHLW Bulletin, Vol. 459, 2004) and related notifica-
tions (Healthcare Administrative Bureau, the MHLW,
order 1 228 001, December 28, 2004), which were inte-
grated into the ‘Ethical Guidelines for Medical and
Health Research Involving Human Subjects’ (the
MHLW and the Ministry of Education, Culture, Sports,
Science and Technology, December 22, 2014).23 All of
the investigators and subinvestigators responsible for the
trial must comply with the ethical standards stated
earlier. The study was registered at ClinicalTrials.gov sup-
ported by the United States National Institutes of Health
as NCT00300976.24

Following approval by the Central Ethics Committee,
the protocol of this study and its revisions are to be
reviewed and approved by the ethics committee of each

Table 3 Characteristics of the patients at baseline

CTG (n=1271) ITG (n=1271) p Value

Age (year) 59.1±6.3 58.9±6.4 0.462

Men/women 790/481 784/487 0.838

Body weight (kg) 65.9±12.0 65.4±11.9 0.284

Body mass index 24.9±3.8 24.8±3.6 0.342

Cigarette smoking status (%) 0.011

Current 21.0 25.8

Former 32.7 29.2

Never 46.3 45.0

Previous CVD event (%) 10.8 11.2 0.800

Duration of diabetes (year) 8.2±6.9 8.3±6.9 0.751

HbA1c, % (mmol/mol) 8.0±1.1

(64±12)

8.0±1.1

(64±12)

0.442

Fasting serum glucose, mg/dL (mmol/L) 158.8±39.6

(8.81±2.20)

159.6±41.5

(8.86±2.30)

0.614

Systolic BP (mm Hg) 134.1±16.3 133.5±16.9 0.357

Diastolic BP (mm Hg) 80.0±11.1 79.3±10.9 0.106

LDL-C, mg/dL (mmol/L) 125.7±31.8

(3.25±0.82)

125.5±30.6

(3.25±0.79)

0.908

HDL-C, mg/dL (mmol/L) 54.5±14.0

(1.41±0.36)

54.3±14.9

(1.40±0.38)

0.728

Triglyceride, mg/dL (mmol/L) 148.0±98.2

(1.67±1.11)

148.7±104.4

(1.68±1.18)

0.851

Values of the data are expressed as mean ± standard deviation, and p Values were calculated with the use of a two-sample Student t test or
the χ2 test.
BP, blood pressure; CTG, conventional therapy group; CVD, cardiovascular disease; HbA1c, glycated hemoglobin; HDL-C, high-density
lipoprotein cholesterol; ITG, intensive therapy group; LDL-C, low-density lipoprotein cholesterol.

6 BMJ Open Diabetes Research and Care 2016;4:e000123. doi:10.1136/bmjdrc-2015-000123

Cardiovascular and metabolic risk

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2015-000123 on 25 January 2016. D

ow
nloaded from

 

http://drc.bmj.com/


institution for their feasibility, as well as their ethical and
scientific validity.

Data management
In accordance with the International Conference on
Harmonization Guidelines for Good Clinical Practice,
all the data are to be collected from the healthcare insti-
tutions by using the electronic data capture system
managed by the Data Center and in conformity with the
study aims only. Utmost care is to be paid in the hand-
ling of personal information, and the participants are to
be informed beforehand what personal information is to
be composed of and how it is to be used.

Statistical analyses
Descriptive statistics: The event-free survival period as well
as the annual percentage of participants remaining
event free is to be calculated by the Kaplan-Meier
method, and 95% CIs are to be calculated using
Greenwood’s formula. Hypothesis testing: A stratified
log-rank test adjusting the stratification factors used for
dynamic allocation (except for participating institutions)
is to be used to verify the hypothesis that event-free sur-
vival is longer in the ITG than in the CTG. Effect size
estimates: HR (ITG/CTG) for the event as well as 95%
CIs is to be calculated by using the Cox proportional
hazards model. The adjustment/stratification factors
used for dynamic allocation (except for participating
institutions) are to be incorporated into the regression
analysis models. Furthermore, any background factors
are also to be incorporated, if they are found to poten-
tially affect the estimates.
After analyses of the primary end points, complemen-

tary analyses on the secondary end points are to be per-
formed. As part of the safety evaluation, Fisher’s exact
(probability) method is to be used to compare the per-
centages of occurrence of adverse events between the
CTG and the ITG, and 95% CIs for the differences are
to be detected. The analyses are to be based on the
intention-to-treat principle. Details of the approach to
be taken are to be described in the Statistical Analysis
Plan.

History of modifications of the protocol
Modifications in the protocol have been approved by
the Central Ethics Committee, including those on inclu-
sion criteria, study duration, frequency of hospital visits,
primary end point, funding agency, and the ethical
guidelines, as stated earlier.
In addition, new drugs have been added to the avail-

able medications in the ITG when at least 1-year safety
had been confirmed as a class in clinical practice after
appearance on the market. In November 2008, ezeti-
mibe was added to the available medication for dyslipi-
demia, and in January 2011 DPP-4 inhibitors and GLP-1
receptor agonists were added for hyperglycemia. In
December 2012, omega-3 fatty acids were substituted for
EPA as a medication for dyslipidemia. Most recently,

SGLT2 inhibitors were included in antidiabetic medica-
tion in July 2015.

RESULTS
All over Japan, 81 healthcare facilities were selected, and
the study was open for patient accrual between June
2006 and March 2009. Among the 178 007 patients with
diabetes screened by the facilities, 14 695 were consid-
ered eligible, and 5687 received an explanation of the
study by the physician in charge. Finally 2542 patients
were enrolled, with 1271 allocated to the CTG and the
other 1271 to the ITG, until the end of the accrual
period, March 2009 (figure 1).
The baseline characteristics, as well as baseline medi-

cation, showed no significant change between the CTG
and the ITG, except for cigarette smoking status, in
which the percentage of current smokers was higher in
the ITG (table 3 and sTable 5).

DISCUSSION
The J-DOIT3 Study Group successfully set up a rando-
mized control study to test the hypothesis that multifac-
torial intervention therapy could be effective for
prevention of CVDs in patients with type 2 diabetes in
the Japanese population. We put importance on lifestyle
modifications, as well as medications, to reduce hypogly-
cemia and weight gain.
Recently, the results of the EMPA-REG OUTCOME

study were reported,14 but a further study is needed
to determine the efficacy of SGLT2 inhibitors in CVD
prevention. Moreover, the impact of SGLT2 inhibitors
on this study is considered to be limited, because only a
small number of patients will be exposed by the agents
for a short period until the expected end of this study,
since these became available quite recently and were
included in the therapeutic regimen.
We recruited >2500 patients with comorbid hyperten-

sion and/or dyslipidemia with a mean HbA1c of 8%
(64 mmol/mol), and with a mean duration of diabetes
of over 8 years. J-DOIT3 is a quite unique study not just
because it is the first large-scale trial for East Asian
patients with type 2 diabetes who have many different
characteristics from Caucasians, but because it also
strives to achieve strict and safe control for all the risk
factors of vascular complications. Thus, J-DOIT3 will
provide novel therapeutic strategies to treat patients with
type 2 diabetes for prevention of macrovascular and
microvascular complications.
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sTable 1 

Inclusion criteria 

Subjects were considered eligible for inclusion if they were 45 years old or older but 

younger than 70 years old at study entry, had type 2 diabetes and met both “(1) and (2)” 

or both “(1) and (3)” described below. 

(1) Glycemic control: those with HbA1c 6.9% (52 mmol/mol) or greater despite 

treatment with any of the 3 regimens given below:  

a) diet and exercise therapy alone  

b) diet and exercise therapy plus 1 oral anti-diabetic drug, 

c) diet and exercise therapy plus alpha-GI and another oral anti-diabetic drug  

(2) Blood pressure control: those with the following casual BP level as measured on an 

outpatient basis:  

a) systolic BP 140 mm Hg or diastolic BP 90 mm Hg while not taking an 

antihypertensive drug  

b) systolic BP 130 mm Hg or diastolic BP 80 mmHg while taking 1 or 2 ARB, 

ACEI, or long-acting CCB  

Those receiving antihypertensive drugs other than these 3 drugs were not eligible for 

study entry, with the exception of those who were receiving these drugs for 

purposes other than blood pressure lowering 

(3) Lipid control: those with the following fasting lipid levels not taking a lipid-lowering 

drug or taking a lipid-lowering drug:  

a) LDL-cholesterol >120 mg/dL (as estimated by using the Friedewald formula) 

b) triglycerides >150 mg/dL  

c) HDL-cholesterol <40 mg/dL 
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sTable 2 

Exclusion criteria 

(1) those with poorly controlled hypertension despite pharmacological therapy 

(systolic BP 200 mm Hg or diastolic BP 120 mm Hg)  

(2) those receiving insulin therapy  

(3) those with non-diabetic renal disease  

(4) those in whom type 1 diabetes, due to pathogenic mechanisms other than those 

associated with type 2 diabetes, is strongly suspected  

(5) those who tested anti-GAD antibody-positive  

(6) those with LDL-cholesterol 200 mg/dL  

(7) those suspected of having secondary hypertension other than renal parenchymal 

hypertension  

(8) those suspected of having hereditary lipid disorder with a strong family history 

of lipid metabolic disorder  

(9) those who were receiving antihypertensive drugs other than ARB, ACEI, or 

long-acting CCB, except where they were receiving these drugs for purposes 

other than blood pressure lowering  

(10) those who were receiving 3 or more antihypertensive drugs (i.e., ARB, ACEI, 

and long-acting CCB), except where they were receiving these drugs for 

purposes other than blood pressure lowering 

(11) those with more serious retinopathy than proliferative retinopathy  

(12) renal failure (serum Cr: 2.0 mg/dL in men; 1.5 mg/dL in women)  

(13) those with a history of cardiac failure or those with cardiac failure  

(14) those who were pregnant or potentially pregnant 

(15) those who met any of the following criteria and who had BNP 100 pg/mL, 

myocardial infarction, angina pectoris (or a history of disease), history of 

coronary artery bypass graft (CABG), history of percutaneous coronary 

angioplasty (PTCA), other cardiac disease, ECG findings of left ventricular 

hyperplasia, or abnormal ECG findings (excluding isolated extrasystole or 

right bundle branch block [RBBB])  

(16) those judged by the physician in charge to be ineligible for study entry 
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sTable 3 

Management goals and interventions for lifestyle modification 

 CTG ITG 

Weight 

control 

Target BMI, 24 

Provided with diaries to 

record their body weight 

Target BMI, 22 

Provided with diaries to record their body weight 

Diet 

therapy 

Total energy intake, 25-35 

kcal/kg according to daily 

activity; salt intake, 6 

g/day with comorbid 

hypertension, 9 g/day in 

male without hypertension, 

7.5 g/day in female 

without hypertension (in 

accordance with the 

guideline 19) 

Total energy intake, 25 kcal/kg in those with BMI 

25, 27 kcal/kg in those with BMI <25 

Lipid intake, 25% of total energy intake  

Cholesterol intake, 300 mg/day  

Salt intake, 6 g/day  

Between-meal and bedtime snacks, prohibited  

Alcohol (equivalent to 180 mL of sake or less) 

abstinence to be rigorously adhered to, and 

obliged to report on alcohol intake  

Thirty-minute or longer guidance on nutrition by 

designated national registered dietitians at the 

start of the study, 1, 3, 6, and 12 months after the 

start of the study, and every 6 months in the 2nd 

year afterwards  

Exercise 

therapy 

Two or more 15- to 

30-minute walks on a daily 

basis (in accordance with 

the guideline 19) 

Provided with an 

accelerometer  

Two or more 15- to 30-minute walks on a daily 

basis  

Provided with an accelerometer, and should report 

on the calories consumed as well as the number 

of steps taken every day  

Smoking 

cessation 

 Instructed to persevere in their smoking cessation 

practice and to report at their regular hospital 

visits on the number of cigarettes smoked  

Provided with smoking-cessation aids, if necessary 

Education  A core program and a post-core program intended 

to improve lifestyle habits are to be implemented 

to ensure lifestyle factors are improved  
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sTable 4 

Definitions of the events 

Myocardial infarction:  

the presence of typical symptoms (e.g., lasting severe chest pain), echocardiographic 

changes, abnormal laboratory findings (e.g., elevation of the cardiac enzyme troponin 

T), or findings of clinical imaging (e.g., coronary angiography, cardiac scintigraphy, 

multidetector row computed tomography) which were diagnosed as such by a 

physician. 

Stroke:  

the presence of a newly onset focal symptom lasting more than 24 hours which was 

diagnosed as such by a physician (preferably with the culprit lesion 

identified/confirmed on CT or MRI/MRA). 

Occurrence of onset or progression of nephropathy:  

an event when either of the following occurs:  

a. progression from normoalbuminuria (urinary albumin <30 mg/g•Cr) to 

microalbuminuria (urinary albumin 30 mg/g•Cr, <300 mg/g•Cr), or from 

normoalbuminuria to macroalbuminuria (urinary albumin 300 mg/g•Cr)  

b. progression from microalbuminuria to macroalbuminuria 

c. serum creatinine levels elevated 2-fold or more compared to that at study entry  

d. endstage renal failure (permanent dialysis initiated or renal transplant performed) 

If a. or b. occurs in a particular subject and the measured urinary albumin value is shown to 

be 30% higher than that at study entry, the subject is to be re-examined (with a morning 

urine sample), and if the measured value is 30% higher than that at study entry, this is to 

be construed as the occurrence of an event. 

In the event of c., the subject is also to be re-examined within 3 months of the event.  

In a., b., or c., the event is to be evaluated in the first occurrence. 

Occurrence of onset or progression of retinopathy 

an event when either of the following occurs:  

a. progression from absence of retinopathy to nonproliferative retinopathy or 

proliferative retinopathy 

b. progression from nonproliferative to proliferative retinopathy 

c. loss of vision likely due to retinopathy 
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sTable 5 

Baseline medication 

 CTG (n = 1271) ITG (n = 1271) p value 

Use of any antidiabetic (%) 77.2  74.6  0.138 

SU 40.7  40.1  0.808 

Glinides 8.1  7.6  0.658 

BG 14.8  14.2  0.736 

Pioglitazone 6.7  6.5  0.936 

α-GI 28.2  29.0  0.693 

Use of any antihypertensive (%) 40.6  41.7  0.600 

ARB 28.1  28.4  0.895 

ACEI 4.3  5.1  0.400 

Long-acting CCB 23.5  22.4  0.540 

Use of any antilipemic (%) 34.2  32.0  0.255 

Atorvastatin, pitavastatin, or 

rosuvastatin  
18.8  17.9  0.609 

Other statins 11.3  9.9  0.274 

Anion-exchange resin 0.0  0.2  0.500 

EPA 1.0  1.3  0.710 

Fibrates 2.8  2.4  0.616 

* p values were calculated with the use of Fisher’s exact test. 
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sFigure 1 

Funding for J-DOIT3 
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sFigure 2 

Multifactorial step-wise treatment in the ITG 

Blood Glucose If the goal is not achieved within 6 months,  

the treatment is intensified to the next step.  

Step 3 

(insulin therapy) 

 
Step 2 

(combined therapy) 

Category C 

(+ category A, B, and D) 

 
Step 1 

(mono-category therapy) 

Category A + category B 

(+ category D) 
 

Step 0 
Category A, if BMI 25 

Category A or B, if BMI 22 to <25 

Category B or A, if BMI <22 

(+ category D) 

 

 
 

Diet/exercise therapy 

(+ category D) 
  

 

Category A: pioglitazone, BG, GLP-1 receptor agonists 

Category B: SU and glinides 

Category C: Insulin  

Category D: GI, DPP-4 inhibitors, SGLT2 inhibitors 

* Pioglitazone is to be chosen whenever possible  

 

Blood Pressure If the goal is not achieved within 3-6 months,  

the treatment is intensified to the next step. 

 

Step 3 

 Step 2 Add on a diuretic,  blocker,  

and  blocker Step 1 Add a long-acting CCB 

ARB or ACEI,  

escalated to its maximal dose 

 

 
 

 

Lipid If the goal is not achieved within 3 months,  

the treatment is intensified to the next step. 

 

Step 3 

 Step 2 Add an anion-exchange resin and/or 

ezetimibe Step 1 Maximal dose of the agents used in 

step 1 

 

A standard dose of atorvastatin, 

pitavastatin, or rosuvastatin 
 

* The omega-3 fatty acids are to be given if the goal for TG has not been achieved.  
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