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Keywords ABSTRACT
Cohort study, Risk model, Type 2 Aims/Introduction: We developed a self-assessable Korean Diabetes Risk score using
diabetes the data of the Korean Genome and Epidemiology Study.
Materials and Methods: A total of 8740 participants without diabetes at baseline
:lco"asic)ﬁndence were followed up biannually over a period of 10 years. We included variables that were
am o

significantly different between participants who developed diabetes mellitus and those
who did not in the development cohort at baseline. We assigned a maximum score of
100 to the selected variable in each gender group. Next, the 10-year probability of inci-
dent diabetes was calculated and validated in the validation cohort. Finally, we compared
the predictive power of Korean Diabetes Risk score with models including fasting plasma
glucose or glycated hemoglobin and other cohort models of Atherosclerosis Risk in Com-

Tel. +82-31-219-5900
Fax: +82-31-219-5901
E-mail address:
chnaha@ajou.ackr

Hak Chul Jang

Tel. +82-31-787-7005
Fax: +82-31-787-4052
E-mail address:
janghak@snu.ackr

munities and Korea National Health and Nutrition Examination Survey.

Results: During a median follow-up period of 9.7 years, 22.7% of the participants pro-
gressed to diabetes. The Korean Diabetes Risk score included age, living location (urban
or rural area), waist circumference, hypertension, family history of diabetes and smoking

history. The developed risk score yielded acceptable discrimination for incident diabetes
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(area under the curve 0.657) and the predictive power was improved when the model

included fasting plasma glucose (area under the curve 0.690) or glycated hemoglobin

doi: 10.1111/jdi.13382

(area under the curve 0.746). In addition, our model predicted incident diabetes more

accurately than previous Western or Korean models.

Conclusions: This newly developed self-assessable diabetes risk score is easily applica-
ble to predict the future risk of diabetes even without the necessity for laboratory tests.
This score is useful for the Korean diabetes prevention program, because high-risk individ-
uals can be easily screened.

INTRODUCTION

As incident type 2 diabetes is greatly affected by lifestyle, the
occurrence of type 2 diabetes can be reduced by lifestyle modi-
fications. The Diabetes Prevention Program already showed
that drastic lifestyle modifications can prevent and delay dia-
betes as much as 58% compared with control groups'. How-
ever, the adherence to lifestyle modifications is generally poor
when it is unsupervised®. Therefore, it is critical to identify
high-risk individuals, and targeted healthcare services should be
provided to them to effectively reduce the risk of diabetes.
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Risk factors for diabetes can be categorized into two groups:
(i) modifiable factors, such as smoking, bodyweight, diet and
exercise habits; and (ii) non-modifiable factors, such as family
history, age and sex. Modifiable factors are important when
personalized and targeted treatment is used to reduce the indi-
vidual risk of diabetes. In contrast, non-modifiable factors, such
as age and genetic susceptibility, are also important for risk
assessment of individuals; however, they are not manageable.
There are several prediction models for incident type 2 dia-
betes* using diverse combinations of modifiable and non-modi-
fiable risk factors. From the layperson’s perspective, it would be
more practical if the risk calculation or risk scores included
only non-laboratory variables that could be either modifiable
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(e.g, bodyweight) or non-modifiable (e.g., age). Risk calculation,
including non-laboratory data, will allow people to check the
dynamic change of their risks frequently and motivate them to
prevent type 2 diabetes. In fact, the prevalence of diabetes will
be increasing’, and 29.3% of participants with diabetes were
not aware of their condition according to the data from the
Korean National Health and Nutrition Examination Survey for
2013 to 2014°. Globally, the prevalence of undiagnosed diabetes
was >50% of individuals with diabetes’. The majority of undi-
agnosed diabetes were in low- and middle-income countries.
Therefore, we need an easy tool to detect individuals at high
risk for type 2 diabetes.

It is evident from the various cohort studies that individuals
in Asia, including Korea, seemed to develop diabetes with a les-
ser degree of obesity®. Regional fat distribution could be an
important risk factor of type 2 diabetes from the data of Kor-
ean National Health and Nutrition Examination Surveys’. In
that study, trunk fat, but not leg fat, was associated with an
increased risk of type 2 diabetes’. Therefore, it would be neces-
sary to incorporate a parameter that shows abdominal obesity
(waist circumference) rather than a parameter of total fatness,
such as body mass index (BMI), for developing diabetes risk
score, especially in the Korean population.

The objective of the present study was to enhance the pre-
diction of diabetes in Korean populations by: (i) deriving a clin-
ical risk score for incident type 2 diabetes using non-laboratory
variables; (ii) enhancing this risk score with fasting plasma glu-
cose (FPG) or glycated hemoglobin (HbAlc); and (iii) compare
the ability of these new risk scores to predict incident type 2
diabetes with two established risk scores. At first, we developed
a clinical risk score for incident type 2 diabetes using non-labo-
ratory variables and compared it with a model, including a
simple laboratory test of FPG or HbAlc. We further compared
our new clinical risk score with the Atherosclerosis Risk in
Communities study, which included clinical parameters, such
as age, parental history of diabetes, ethnicity, smoking history,
waist circumference, height, weight, hypertension and resting
heart rate, but did not include laboratory data'®. We also com-
pared our model with Korean Diabetes Score, which was devel-
oped using cross-sectional Korea National Health and Nutrition
Examination Survey data of non-laboratory variables, which
were age, family history of diabetes, hypertension, waist circum-
ference, smoking and alcohol"'. Previous studies already showed
that obesity'?, high blood pressure’> and smoking status'
increased the risk of diabetes. Therefore, we evaluated these
variables and incorporated them into our model.

METHODS

Participants

The detailed design of the Korean Genome and Epidemiology
Study was published elsewhere'>'®. Individuals aged 40—
69 years were enrolled and follow up examination was carried
out, and this cohort continued in order to evaluate non-com-
municable disease and its related risk factors. The baseline
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examination of 10,038 participants was carried out during 2001
and 2002, and participants were followed up biannually for
10 years. Cohort participants lived in the Ansung (rural) and
Ansan (urban) areas. We enrolled 8,740 participants who were
not diagnosed with diabetes at baseline. During the 10-year fol-
low up, 35% of the participants were not followed up and we
excluded this population. We developed the type 2 diabetes risk
score using 70% of the participants (development cohort,
n = 3,973), and then validated the model using the remaining
30% of the participants (validation cohort, n = 1,700). The
study protocol was approved by the ethics committee of the
Korean Center for Disease Control and the institutional review
board of the Ajou University School of Medicine (IRB No.
AJIRB-CRO-07-012). All participants provided their written
informed consent.

Baseline evaluation

The clinical evaluation was carried out by trained examiners,
and included anthropometric measurements, 12-h fasting labo-
ratory tests and a questionnaire. Systolic and diastolic blood
pressures (SBP and DBP, respectively) were obtained using
mercury sphygmomanometers (Baumanometer-Standby; W.A.
Baum Co., Inc, Copiague, NY, USA) after 10 min of rest.
Hypertension was defined when the SBP was >140 mmHg or
the DBP was >90 mmHg, or when antihypertensive medication
was used'’. Prehypertension was defined as an SBP of 120
139 mmHg or a DBP of 80-89 mm Hg. Height and body-
weight were measured using a digital scale to the nearest
0.1 cm or 0.1 kg, respectively. BMI was calculated as body-
weight (kg) / he:ight2 (m?). Waist circumference was measured
at the midline between the lowest rib margin and the highest
point of the iliac crest. A family history of diabetes was defined
when the participants’ first-degree relatives had diabetes. The
education level was categorized into three groups: (i) <6 years;
(ii) 6-12 years; and (iii) >12 years, because the Korean educa-
tion system consists of 6 years of elementary school, and
another 6 years of middle and high school. The monthly per-
sonal income was categorized as <$1,000 (approximately
1,000,000 Korean Won), $1,000-2,000 and >$2,000. The smok-
ing status was categorized as follows: current, former and never
smoker'®, The definition of a never smoker was an individuals
who had smoked <400 cigarettes. When persons consumed
alcohol more than once a month, they were defined as alcohol
drinkers". If the participants did not drink during the past
1 year, they were defined as a former drinker. Regular exercise
was defined as physically exercising once per week or more,
each time for at least 30 min.

Assessment of type 2 diabetes

We carried out a 75-g oral glucose tolerance test and checked
HbAlc levels every 2 years. Incident type 2 diabetes was
defined as FPG levels >126 mg/dL or 2-h postprandial levels
>200 mg/dL or HbAlc levels >6.5% according to the clinical
practice recommendations of the American Diabetes
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Association®’. When data for 2-h postprandial were missing,
we diagnosed type 2 diabetes using FPG and HbAlc levels.

Predictors

We used age, SBP, DBP, bodyweight, waist circumference, FPG
levels and BMI as continuous variables, and compared the
baseline characteristics between participants who developed
type 2 diabetes and those who did not. Then, we divided par-
ticipants into age groups of <45, 4549, 50-54, 55-59, 6064
and 65-69 years, and waist circumference groups of <90 and
>90 cm for men, and <85 and >85 cm for women®".

Development of type 2 diabetes risk scores

First, we assessed variables at baseline that were significantly
different between participants with incident type 2 diabetes and
participants without type 2 diabetes. Next, we sorted variables
that had similar clinical characteristics. For example, SBP, DBP
and the presence of hypertension were included in the same
category. Similarly, bodyweight, waist circumference, and BMI
were summarized in a marker for obesity. The scores of each
variable were allocated according to the beta-coefficient, and
the total maximum sum of Korean Diabetes Risk (KDR) score
was 100. Finally, we calculated the 10-year probability of inci-
dent diabetes associated with each score in the validation
cohort.

Statistical analysis

Continuous variables are shown as the mean + standard devia-
tion, and categorical variables are presented as numbers and
percentages. We used the Student’s t-test and y’-test to com-
pare the clinical characteristics between participants with inci-
dent type 2 diabetes (during the 10-year follow-up period) and
those without type 2 diabetes at the end of the observation per-
iod. A logistic regression analysis was carried out to estimate
the odds ratio (OR) and 95% confidence interval (CI) for the
development of type 2 diabetes. The area under the ROC curve
(AUC) was calculated to test the predictive power of the devel-
oped risk score system in the validation cohort. We recalculated
the diabetes risk using the equation of diabetes risk of the
Atherosclerosis Risk in Communities study, which just included
non-laboratory data'® and the Korean Diabetes Score'' using
the data of the validation cohort. To compare the AUCs, we
used DeLong’s method™. All analyses were carried out using
IBM SPSS Statistics (Windows version 22.0; IBM Corporation,
Armonk, NY, USA) and SAS (version 9.4; SAS Institute, Cary,
NC, USA) software. Two-sided P-values <0.05 were considered
significant.

RESULTS

Clinical characteristics of study participants

Among 8,740 participants without diabetes at baseline, we
assessed diabetes in 5,675 participants (2,658 men and 3,017
women) at 10 years of follow up. A total of 35% of the popula-
tion were not followed up, and Table S1 shows the different

http://wileyonlinelibrary.com/journal/jdi

parameters between participants who were followed up or not.
Participants who were not followed up were older than those
who were followed wup continuously (52.1+94 vs
51.5 + 8.5 years, P = 0.005) and had lower BMI, waist circum-
ference and HbAlc levels. Among the participants in the whole
cohort, 25.7% of men and 20.1% of women developed type 2
diabetes. The 2-h postprandial data were missing in 1,617
(28.5%) at the second follow up, 535 (9.4%) at the third follow
up, 782 (13.8%) at the 4th follow-up, and 702 (12.4%) at the
5th follow-up. The baseline characteristics are shown in
Table 1. In the development cohort, subjects who developed
type 2 diabetes were older than those who did not develop
type 2 diabetes both in the male (526%87 s
50.7 + 8.2 years, P < 0.001) and the female groups (54.1 * 8.8
vs 513 £ 85 years, P < 0.001). Participants with incident
type 2 diabetes more frequently had a family history of type 2
diabetes and prehypertension or hypertension, increased BMI
and waist circumference than participants without incident
type 2 diabetes in both gender groups. A difference of educa-
tion and income levels between participants with and without
incident type 2 diabetes was only observed in women. More
female participants with incident type 2 diabetes had low edu-
cation and income levels compared with participants without
type 2 diabetes. More participants with incident type 2 diabetes
were ex-smokers or current smokers, but there was no differ-
ence in regular exercise among the groups.

Risk scoring including significant risk factors

The means and standard deviations of the KDR scores were
36.9 = 145 in men and 30.5 * 154 in women, respectively.
Table 2 presents the logistic regression analysis results and cor-
responding scores. In men, the highest OR of incident type 2
diabetes was related with older age (OR 2.90, 95% CI 1.61—
2.64, P < 0.001) and increased blood pressure (OR 2.27, 95%
CI 1.71-3.01, P < 0.001). In women, the highest OR of incident
type 2 diabetes was also related with older age (OR 247, 95%
CI 1.61-3.78, P < 0.001) and increased blood pressure (OR
2.44, 95% CI 1.82-3.07, P < 0.001). Tables S2 and S5 show the
results of the logistic regression analysis and risk scores includ-
ing FPG levels or HbAlc.

Ten-year risk of type 2 diabetes

During a median follow-up period of 9.7 years, 22.7% of all
participants progressed to diabetes. Table 3 represents the dia-
betes risk score-card to calculate the score in an easy way. As
the KDR scores increased, the probability of incident type 2
diabetes increased from 8.9% to 34.9% in men, and 10.8 to
38.3% in women (Table 4). The estimated risk of type 2 dia-
betes in each score category seemed to be higher when the
KDR scores were calculated including FPG or HbAlc levels
(Tables S3, S4, S6, S7) compared with KDR scores not includ-
ing these laboratory data. The AUC of the KDR score was
0.657 (95% CI 0.626-0.715), the KDR score including FPG
levels was 0.690 (95% CI 0.660-0.720) and the KDR score
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. S_88| 3 in urban areas®**. This discrepancy might be driven by the
o ) o 2 ! = . . . . . .
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S ~ than those with a higher education level and higher income. In
N <P LE| 2 % line with this, self-assessable risk scores excluding laboratory
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o) G w) >
< ol £ g scores. Compared with the Korea Diabetes Score, which did
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Table 2 | Beta-coefficients, odds ratios and corresponding risk scores of new-onset type 2 diabetes in the development cohort
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Men Women
B OR (95% CI) P-value Score B OR (95% () P-value Score

Age

40-44 years Reference Reference

45-49 years 0.175 1.19 (0.87-163) 0274 4 0235 1.27 (0.89-1.80) 0.195 5

50-54 years 0.299 1.35 (0.93-195) 0.112 7 0469 160 (1.09-2.36) 0018 10

55-59 vyears 0503 165 (1.13-242) 0.009 12 0373 145 (096-2.20) 0.080 8

60-64 years 0712 204 (1.35-3.08) 0.001 17 0.796 222 (148-332) <0.001 18

65-69 years 1.063 290 (161-264) <0.001 25 0904 247 (161-3.78) <0.001 20
Region
Rural Reference Reference

Urban 0.723 206 (161-264) <0.001 17 0870 239 (1.84-3.10) <0.001 19
Smoking

Never smokers Reference Reference

Former smokers 0354 143 (1.04-198) 0028 8 0.386 147 (061-3.55) 0.389 9

Current smokers 0.598 182 (1.34-247) <0.001 14 0.589 1.80 (1.00-3.26) 0051 13
Blood pressure

Normotensive Reference Reference

Prehypertension 0445 156 (1.20-2.03) 0.001 11 0472 160 (1.19-2.15) 0.002 10

Hypertension 0818 227 (1.71-301) <0.001 20 0.890 244 (182-307) <0.001 19
Family history of T2D
None Reference Reference
Yes 0493 164 (1.17-2.30) 0.004 12 0688 199 (144-2.75) <0.001 15
Waist circumference

Men<90 cm, women <85 cm Reference Reference

Men >90 cm, women>85 cm 0491 164 (1.27-2.11) <0.001 12 0638 1.89 (148-243) <0.001 14

l, confidence interval; T2D, type 2 diabetes; OR, odds ratio.

Table 3 | Diabetes risk score-card

Men Women
1. Age group 40-44 years 0 40-44 years 0
45-49 years +4 45-49 years +5
50-54 years +7 50-54 years +10
55-59 years +12 55-59 years +8
6064 years +17  60-64 years +18
6569 years +25  65-69 years +20
2. Living area Rural 0 Rural 0
Urban +17  Urban +19
3. Smoking Never 0 Never 0
Former +8 Former +9
Current +14  Current +13
4. Hypertension Normotensive 0 Normotensive 0
Prehypertension ~ +11  Prehypertension ~ +10
Hypertension +20  Hypertension +19
5. Family history ~ No 0 No 0
of T2D Yes +12 Yes +15
6. Waist <90 cm 0 <85 cm 0
circumference >90 cm + 12 +12 =85 cm +14

performance of our prediction model is also acceptable when
we compared it with other Asian cohort studies (Table 6). Fur-
thermore, we included just seven variables to calculate the risk

of type 2 diabetes, which is relatively easy to calculate. There-
fore, this new type 2 diabetes risk prediction algorithm is more
practical.

There were several limitations to the present study. First, this
prediction model was not validated in an independent cohort.
We hope that other Korean cohort studies will adopt our pre-
diction model to validate the usefulness of the KDR score. Sec-
ond, we did not repeat the oral glucose tolerance test or
HbAlc, but used a single measurement to diagnose type 2 dia-
betes. From the previous report, approximately 75% of partici-
pants with diagnosed type 2 diabetes in epidemiological studies
were confirmed to have clinical diabetes®. Therefore, there
could be some dilution with the prediabetic state in newly diag-
nosed type 2 diabetes. In addition, 35% of the population were
not followed up, which could influence the accuracy of the
model. Among participants who were lost to follow up during
the 10 years, 24.5% of participants did not attend follow-up vis-
its because of personal issues, such as being farming season,
going on a business trip and moving to another location. An
additional 16.2% and 10.3% of participants became severely ill
and died, respectively, therefore it was impossible to carry out a
follow-up evaluation. In total, annually, approximately 3.5% of
participants failed to follow up. In the present cohort, there
were significantly different parameters between participants
who were followed up and those who were lost to follow up.
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Table 4 | Estimated 10-year risk of new-onset type 2 diabetes (30%
validation cohort)

Score Men (%) Women (%)
<24 89 108
25-29 206 24
30-34 243 215
35-39 234 274
40-44 348 269
4549 288 286
>50 349 383

Table 5 | Area under the receiver operating characteristic curves for
previous models and Korean Diabetes Risk scores (30% validation
cohort)

ROC area (95% Cl)  P-value compared with KDR

KDR 0657 (0626-0.715) Referent
KDR plus FPG 0690 (0660-0.720) <0.001
KDR plus HbATc 0.746 (0.717-0.775) <0.001
ARIC 0604 (0571-0637) 0.002
Korea Diabetes Score 0624 (0.593-0.656) 0.038

ARIC, atherosclerosis risk in communities; Cl, confidence interval; FPG,
fasting plasma glucose; HbATc, glycated hemoglobin; KDR, Korean Dia-
betes Risk; ROC, receiver operating characteristic curve.

Some of the risk factors were higher, and some of them were
lower in participants who were lost to follow up compared with
participants who were followed up. However, the difference in
KDR score was minimal between groups (33.4 vs 344 in the
follow-up group and follow-up loss group, respectively). Even
though the magnitude of difference was minimal, we should
consider the limitations of our model.

This newly developed self-assessable diabetes risk score did
not include laboratory test data, but did include clinical param-
eters, including three modifiable risk factors: smoking status,
hypertension and waist circumference. This risk prediction
model can be used in the general population, and the KDR risk
score-card makes it easy to calculate a person’s risk. Further
studies will be required to validate the model, and to test its
feasibility in real clinical settings.
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