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Background: The prevalence of diabetes mellitus (DM) continues to increase, and the disease burden is the highest of any medi-
cal condition in Korea. However, large-scale clinical studies have not yet conducted to establish the basis for diabetes prevention
in Korea.

Methods: The hospital-based Korean Diabetes Prevention Study (H-KDPS) is a prospective, multi-center, randomized, open-la-
bel controlled study conducted at university hospitals for the purpose of gathering data to help in efforts to prevent type 2 DM.
Ten university hospitals are participating, and 744 subjects will be recruited. The subjects are randomly assigned to the standard
care group, lifestyle modification group, or metformin group, and their clinical course will be observed for 36 months.

Results: All intervention methodologies were developed, validated, and approved by Korean Diabetes Association (KDA) multi-
disciplinary team members. The standard control group will engage in individual education based on the current KDA guide-
lines, and the lifestyle modification group will participate in a professionally guided healthcare intervention aiming for >5%
weight loss. The metformin group will begin dosing at 250 mg/day, increasing to a maximum of 1,000 mg/day. The primary end-
point of this study is the cumulative incidence of DM during the 3 years after randomization.

Conclusion: The H-KDPS study is the first large-scale clinical study to establish evidence-based interventions for the prevention
of type 2 DM in Koreans. The evidence gathered by this study will be useful for enhancing the health of Koreans and improving
the stability of the Korean healthcare system (Trial registration: CRIS KCT0002260, NCT02981121).
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INTRODUCTION

The prevalence of diabetes is rapidly increasing worldwide,
and its prevalence in Korea has increased from 1.5% of adults
aged 30 or older in 1971 to 11.1% of adults in 2013. It is esti-
mated that it will continue to increase, reaching approximately
4.3 million by 2030 [1,2]. The rapid increase in diabetes pa-
tients has exacerbated the burden on global public health sys-
tems [3,4].

Diabetes can be prevented through appropriate interven-

tions. Clinical studies conducted in Finland, the United States,
and China have shown that diabetes can be prevented through
lifestyle interventions or medications [5-11]. Such interven-
tions not only prevent diabetes but may also have significant
preventive effects on complications closely related to diabetes
[12-16].

In response to these findings, some countries have recently
attempted to introduce diabetes prevention interventions into
the public healthcare system. In countries with a high preva-
lence of diabetes, such as Korea, a systematic strategy for dia-
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betes prevention is urgently needed. However, to prevent dia-
betes, we need to develop a differentiated strategy that reflects
each country’s unique social and cultural characteristics [17,
18].

Until recently, no randomized controlled clinical studies
aimed at establishing an objective basis for diabetes prevention
had been conducted in Korea. However, the project group for
the Korean Diabetes Prevention Study (KDPS) was recently or-
ganized by various researchers from the Korean Diabetes Asso-
ciation (KDA) to conduct multi-center clinical studies for the
prevention of diabetes. The results of this clinical study are ex-
pected to contribute to the establishment of a unique diabetes
prevention strategy that reflects the characteristics of Koreans.
This article introduces the protocol for the hospital-based Kore-
an Diabetes Prevention Study (H-KDPS), which is being imple-
mented as part of this Korean diabetes prevention project.

METHODS

Goals of the KDPS
The goals of KDPS are as follows: (1) to develop a diabetes pre-

vention program (lifestyle intervention and medication) that is
suitable for Koreans at high risk for diabetes; (2) to conduct a
prospective, randomized, controlled study and establish a cost-
effective intervention program; and (3) to contribute to the na-
tional diabetes prevention program and promote public health
by disseminating the results of the study.

KDA project group for the KDPS

The project group for the KDPS was organized in December
2015 to support and operate the KDPS (Fig. 1). In addition to
the steering committee responsible for the actual research,
KDA’s multidisciplinary committee has supported the develop-
ment of clinical research protocols. Committees independent
of the steering committee were organized within the project
team to perform data monitoring, subject safety management,
and verification of results.

H-KDPS study

The KDPS is divided into two intervention studies: a hospital-
based intervention study (H-KDPS) and a community web-
based intervention study (community web-based Korean Dia-
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Fig. 1. Organization chart of Korean Diabetes Prevention Study Steering Committee.
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betes Prevention Study [C-KDPS]). The H-KDPS is a hospital-
based intervention study involving diabetes experts from 10
university hospitals. The study protocol of the H-KDPS was
developed based on the recommendations of the Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) statement on randomized trials [19]. The contents of
this protocol have been reviewed and approved by the KDA
board of directors. C-KDPS is a community-based interven-
tion study, and related content has been published in another
article [20].

Study design

The H-KDPS is a prospective, multi-center, randomized,
open-label controlled study (Fig. 2). This clinical study was de-
signed based on the following hypotheses: (1) a 5% weight loss
through lifestyle interventions will prevent diabetes in partici-
pants at high risk for this condition; and (2) metformin will
prevent diabetes in participants at high risk for this condition.

Eligibility criteria
The inclusion criteria of this study are as follows: (1) aged =30
and <70 years; (2) body mass index >23 kg/m* and (3) at least
one of the following conditions: a postprandial 2-hour glucose
level of 140 to 199 mg/dL after a 75-g oral glucose tolerance
test, a >8-hour fasting blood glucose level of 110 to 125 mg/dL,
and a National Glycohemoglobin Standardization Program
(NGSP) standardized glycosylated hemoglobin (HbA1c) level
0f 5.7% 10 6.4%.

The exclusion criteria of this study are as follows: (1) people
with type 2 diabetes mellitus (DM); (2) people whose life ex-
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pectancy is anticipated to shorten or whose risk of a shortened
life span may increase due to the intervention; (3) people who
are expected to influence the performance of clinical trials
based on the researcher’s evaluation; and (4) people taking
medication or with a medical condition that may affect the di-
agnosis of diabetes.

More detailed inclusion and exclusion criteria can be found
at the clinical trial registration websites (https://clinicaltrials.
gov/ct2/show/NCT02981121 and https://cris.nih.go.kr/cris/
search/search_result_st01_en.jsp?seq=6414).

Allocation and randomization

An independent statistician prepared the randomization plan.
The subjects will be divided into three groups and assigned
1:1:1 using stratified block randomization to reduce the pre-
dictability of assigned groups and to assign subjects according
to the institution.

Recruitment

Subjects who satisfy the inclusion criteria were/will be recruit-
ed during health check-ups (national, workplace, or institu-
tional health check-up program recipients) or during outpa-
tient visits to the research institutions. We have been cooperat-
ing with various medical institutions and healthcare promo-
tion centers for purposes of subject recruitment and will con-
tinue to do so (see Acknowledgments).

Intervention
The subjects will be randomly assigned to three treatment
groups: conventional management (CM), lifestyle modifica-

Conventional Management (CM, n=248)

Life Style Modification (LSM, n=248)

Metformin (Met, n=248)

Screening period
(-28 day)

Treatment period

0 day
Baseline

I 6 mo I 12 mo I 18 mo I 24 mo I 30 mo I 36 mo

CM group: Visits every 6 months after baseline visits
LSM group: Follow-up after intensive intervention for 24 weeks
Met group: Baseline, 2 weeks, 1 month, and 3 months visit. Visits every 3 months thereafter.

Fig. 2. Korean Diabetes Prevention Study (KDPS) study design.
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tion (LSM), and metformin (Met) treatment (Tables 1-3, Fig.
1). The total benefits received through participation in the re-
search will be equal regardless of group assignment.

The CM group will receive individual education based on
the KDA clinical practice guidelines as the baseline for partici-
pation [21]. After that, subjects will attend follow-up visits ev-
ery 6 months to monitor their clinical course.

The LSM group will receives an intervention based on the
protocol developed by the Food and Nutrition Committee of

the KDA. The LSM protocol consists of moderate exercise for
more than 150 minutes per week and meal coaching and mon-
itoring by healthcare professionals. The goal is loss of more
than 5% of body weight within 6 months and subsequent
maintenance of the weight loss. In the first 6 months of the
study, an intensive intervention consisting of seven offline
training sessions and eight telephone training sessions will be
conducted. After that, subjects will attend follow-up visits ev-
ery 3 months to monitor their clinical course.

Table 1. Intervention schedule at a glance: conventional management (CM) group

Screening Baseline Intervention
Visit date
-28 day 0 day 6 mo 12 mo 18 mo 24 mo 30 mo 36 mo
Visit window +7 day
Education and evaluation
Conventional education® v
*Based on the standard education guidelines of the Korean Diabetes Society.
Table 2. Intervention schedule at a glance: lifestyle modification (LSM) group
Screening  Baseline Intervention
Visit date 2 4 12 18 6 9 12 15 18 21 24 27 30 33 36
-28 day 0 day
wk wk wk wk wk mo mo mo mo mo mo mo mo mo mo mo
Visit window +7 day
Education and evaluation
Conventional education® \
Lifestyle management offline v R e e A

training”

Lifestyle management phone
training*

1,3, 6,10, 14, 16, 20, 22 wk
Telephone intervention

Telephone call 1 wk prior to visit
Digital activity tracker (optional)

“Based on the standard education guidelines of the Korean Diabetes Society, "Twenty-four-week intensive care by multidisciplinary diabetes in-
tervention team, “Checking and encouraging the practice of ‘10 health habit (10-habit)’ by phone counseling.

Table 3. Intervention schedule at a glance: metformin (Met) group

Screening  Baseline Intervention
Visit date 2 1 3 6 9 12 15 18 21 24 27 30 33 36
-28 day 0 day
wk mo mo mo mo mo mo mo mo mo mo mo mo mo
Visit window +7 day
Education and evaluation
Conventional education® v

Metformin® intervention and evaluation

S A N N
S N e A A

“Based on the standard education guidelines of the Korean Diabetes Society, "Start with an initial dose of 250 mg/day, and increase up to 1,000
mg/day.

Prescription
Check adherence
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During the course of the observation period, the subjects will
be encouraged to practice 10 basic living rules (“10 habits™).
The adherence of subjects is assessed using the session partici-
pation rate and the practice rate of “10 habits” using self-diary.
And, even if subjects cannot achieve the weight loss target of
5% or more, we plan to observe the clinical course continuously
without dropping. The details of the LSM protocol will be pub-
lished separately. A digital activity tracker (ZIKTO Walk; ZIK-
TO Inc., Seoul, Korea) will be provided to all LSM subjects to
evaluate the effects of the lifestyle intervention. However, the
user will be able to arbitrarily select whether to use it continu-
ously. We plan to assess whether voluntary use of an activity
tracker has a significant effect on the desired endpoint.

The Met group will take metformin according to the proto-
col approved by the KDA Clinical Practice Guidelines Com-
mittee. After randomization, subjects will take 250 mg/day
metformin (Dalim Corporation, Seoul, Korea) for 2 weeks. If
there are no side effects, the dose will be increased to 500 mg/day
for an additional 2 weeks. The dose will be increased to up to
1,000 mg/day if there are no side effects. Dosage reduction will
depend on the subject’s symptoms and adherence. After that,
subjects will attend follow-up visits every 3 months to monitor
their clinical course.

Ethics

The H-KDPS protocol was approved by the Institutional Re-
view Boards at Kyung Hee University Hospital (KHUH 2016-
04-102-028), Kyungpook National University Hospital
(KNUH 2016-07-002-015), Korea University Guro Hospital
(KUGH16114-013), Pusan National University Hospital (D-
1607-001-054), Samsung Medical Center (SMC 2016-06-006-
014), Seoul National University Hospital (H-1606-110-771),
Asan Medical Center (S2016-0978-0011), Severance Hospital
(4-2016-0711), Ajou University Hospital (AJIRB-MED-CT4-
16-202), and Chonbuk National University Hospital (CUH
2016-06-026-015). This trial has been registered with the Clin-
ical Research Information Service (CRIS), Republic of Korea
(KCT0002260), and ClinicalTrial.gov (NCT02981121). All
subjects will provide written informed consent for participa-
tion.

RESULTS

Outcome measures
The primary endpoint of this study is the cumulative incidence
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of diabetes for 3 years after randomization. The incidence of
diabetes is defined as fasting glucose =126 mg/dL, postprandi-
al 2-hour glucose >200 mg/dL after a 75-g oral glucose toler-
ance test, or HbAlc >6.5%. However, when the fasting glucose
criterion is satisfied, the test will be repeated to confirm diabe-
tes. After a subject is diagnosed with diabetes, standard therapy
will be performed according to KDA clinical practice recom-
mendations [21]. Diabetes treatment will be individualized ac-
cording to patient characteristics. The clinical course of a sub-
ject with diabetes will be monitored over the course of the
scheduled observation period.

The secondary endpoints of the study are HbAlcat 1,2, and
3 years after baseline; fasting blood glucose at 1, 2, and 3 years
after baseline; insulin sensitivity index (homeostasis model as-
sessment 2 [HOMAZ2] %S) at 1, 2, and 3 years after baseline;
and insulin secretion index (HOMA?2 %B) at 1, 2, and 3 years
after baseline [22]. Additional analyses will be performed to
determine differences in cardiovascular risk factors, diabetes
risk factors, and adherence to the different interventions.

After study completion, a further extension of the study will
be conducted to identify the long-term outcomes of the sub-
jects based on public healthcare data, such as insurance claims
data, death certificates, and cancer registries, using the person-
al identifiers of the collected subjects.

Timeline

Recruitment of participants began in November 2016, and en-
rollment is expected to be completed by October 2018. The to-
tal observation period for each subject is planned to be 36
months.

Sample size
The number of enrolled subjects was calculated based on the
only previous Asian randomized trial, the Indian Diabetes Pre-
vention Program (IDPP) [23]. In this study, the cumulative in-
cidence of diabetes at 3 years was 55.0% for control, 39.3% for
LSM group, and 40.5% for Met group [23]. However, the prev-
alence of diabetes in IDPP is exaggerated in comparison to
previous epidemiologic studies in Koreans [24,25]. In order to
overcome this problem, we performed conservative sample
size estimation using Bonferroni correction considering multi-
ple comparisons between the groups.

A corrected significance level of 5% and a power of 80%
yielded a total of 221 subjects per group. A total of two analy-
ses, including one interim analysis, will be conducted for the
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major endpoints of this study. Rs (2, 0.05, 0.2)=1.008 was ap-
plied to each group, and the dropout rate was assumed to be
10%. Therefore, 248 patients per group will be recruited for
clinical research.

_ (Zowsinxa+Z02)*[0.55(1-0.55)+0.393(1-0.393)] a

n01
(0.55-0.393)*

188

(Zoosizx+Z02)°[0.55(1-0.55)+0.405(1-0.405)]

n02= =221
(0.55-0.405)>

Data collection and management
Regular workshops for H-KDPS researchers and coordinators
and twice-yearly additional training sessions will be conducted
to ensure standardized interventions that are unaffected by
participating organizations. Clinical information on the sub-
jects will be collected and managed using the iCReaT' system
developed by the Korea National Institute of Health (http://
icreat.nih.go.kr). The quality of the collected data will be con-
firmed through periodic audits.

Biospecimens

Biospecimens will be collected from subjects according to the
standard operating procedures of the Korean National Health
and Nutrition Examination and processed and stored in a cen-
tral laboratory (Seegene Medical Foundation, Seoul, Korea)
[26]. The baseline laboratory parameters are HbAlc, fasting
plasma glucose, 75-g oral glucose tolerance test (0, 30, 60, 90,
and 120 minutes glucose; 0 and 30 minutes insulin and C-pep-
tide), and blood chemistry, including blood urea nitrogen, cre-
atinine, aspartate aminotransferase, alanine aminotransferase,
y-glutamyl transferase, total cholesterol, triglycerides, high
density lipoprotein cholesterol, and low density lipoprotein
cholesterol. Additional biospecimens for genomics and novel
biomarker-related studies will be collected and stored.

Statistical analysis
The results of this study will be validated by independent com-
mittee members of KDA. Evaluations of the validity and safety
of the intervention will be based on the full data set. Interim
analyses will be performed to compare the baseline characteris-
tics of and treatment effects in the three groups with regard to
primary endpoints and to consider early termination of the
study.

For primary endpoint evaluation, we will present the cumu-
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lative incidence of diabetes for 3 years after randomization.
Differences among the groups will be presented as Kaplan-
Meier curves. The descriptive statistics for changes in the main
clinical variables at 1, 2, and 3 years after baseline will be pre-
sented and compared among the three groups using analysis of
variance (ANOVA) or the Kruskal-Wallis test, depending on
the distribution of the data. Additionally, paired t-tests or Wil-
coxons signed rank tests will be used for within-group com-
parisons. Categorical data will be tested using the chi-square
test or Fisher’s exact test. Risk factors related to cardiovascular
disease and diabetes will be analyzed using the Cox propor-
tional hazards model. Univariate analysis and multivariate
analysis using logistic regression will be performed for each
DM risk factor.

The incidence of all adverse events that occur during the
clinical trial, of adverse events that result in dropout, and of
significant adverse events will be presented. The chi-square test
or Fisher’s exact test will be used to compare the three groups.

DISCUSSION

The personal and social burdens of diabetes and its complica-
tions are increasing, with adverse effects on the stability of the
public health system. According to the 2014 Korean national
death statistics, diabetes was the sixth most common cause of
death [27]. Additionally, diabetes is a closely related to cancer,
cardiovascular, and cerebrovascular diseases, which are the top
three major causes of death in Koreans. Recently, a study using
health insurance data determined that diabetes was associated
with the highest disease burden in Korea [28].

The increase in diabetes patients is closely related to the in-
crease in those at high risk for diabetes (i.e., prediabetic sub-
jects). Non-diabetic hyperglycemia that does not satisfy the di-
agnostic criteria for DM is generally known as pre-diabetes
mellitus (preDM) [29,30]. The preDM stage is a period charac-
terized by the dynamic pathophysiological changes associated
with increased insulin resistance and reduced insulin secre-
tion, although the clinical symptoms are not significant
[31,32]. It is generally known that 5% to 10% of preDM sub-
jects develop DM every year [30,33]. The prevalence of preDM
in Korea is estimated at approximately 25% of adults over 30
years of age [2].

At the preDM stage, aggressive intervention can prevent dia-
betes and improve the long-term prognosis. Several key clini-
cal studies on diabetes prevention have been published. Al-
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though there were differences in the characteristics of the sub-
jects and the methods of intervention in each study, they con-
firmed that diabetic incidence was significantly reduced
through LSM or medication [5-11]. Notably, the intervention
effect continued even after the end of the study, which had a
significant effect on the long-term outcomes of subjects [12-
16]. The diabetes prevention program is economical and is
considered to improve the stability of the national healthcare
system [34,35].

Based on these findings, some countries have implemented
diabetes prevention programs as major public health policies
[36,37]. In recent years, the incidence of diabetes in the United
States has decreased, suggesting that the spread of diabetes
prevention programs may have partially contributed to this
outcome [38]. In the United States, an increasing number of
diabetes prevention programs are being implemented, reflect-
ing the benefits of such programs [37]. In some countries, such
as the United Kingdom, the use of metformin has been reflect-
ed in insurance benefits to prevent diabetes [39].

For successful diabetes prevention, an individualized inter-
vention strategy should be developed that reflects each coun-
try’s unique social and cultural characteristics; then, a well-de-
signed clinical trial should be conducted to establish solid evi-
dence. However, a reliable clinical trial for diabetes prevention
in Korea has not yet been conducted. For this reason, a KDA
project group for studying diabetes prevention has been orga-
nized and is conducting the H-KDPS and C-KDPS studies. The
H-KDPS, in particular, is expected to produce representative
evidence in Korea due to the participation of many KDA ex-
perts in all areas of study design, protocol development, research
execution, data monitoring, data analysis, and consulting.

The H-KDPS study has some important differences from
previously conducted diabetes prevention trials. First, it is de-
signed to enable long-term outcome observation by linking
the clinical information of the subjects with public data (e.g.,
health insurance claims, cancer registries, and death statistics)
even after the intervention period, which is scheduled for 36
months. It is expected that the long-term clinical outcomes of
the subjects will be ascertained in greater detail than in previ-
ous studies owing to the advantage of the National Health In-
surance system in Korea.

Second, the study was designed to enable various biomarker
studies in addition to the primary endpoints as biospecimens
will be collected via the quality management system of the Ko-
rea National Health and Nutrition Survey. In the future, these
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biospecimens are likely to be used as valuable resources for un-
derstanding the pathophysiology of preDM and early-stage di-
abetes in Korea. Third, the study was designed to provide digi-
tal activity trackers for the lifestyle intervention group to inves-
tigate the clinical utility of digital healthcare devices for diabe-
tes prevention. This will help establish objective evidence re-
garding new technologies that will be widely used in chronic
disease interventions in the future.

The results of the KDPS study will be used to establish the
Korea Diabetes Prevention Program (KDPP), which is a
unique diabetes prevention program in Korea. KDPP, which
reflects the unique characteristics of Koreans and the Korean
medical system, will contribute to the effective implementation
of diabetes prevention programs in diverse environments, such
as communities, public health centers, and medical clinics.
Successful KDPP operations will be used as important evi-
dence supporting the nationalization of diabetes prevention
interventions in Korea. To achieve this goal, the KDA project
group for DPS will continue its efforts.
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