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Background: This report presents the recent prevalence and comorbidities related to diabetes in Korea by analyzing the nationally
representative data.

Methods: Using data from the Korea National Health and Nutrition Examination Survey for 2013 to 2014, the percentages and
the total number of subjects over the age of 30 years with diabetes and prediabetes were estimated and applied to the National
Population Census in 2014. Diagnosis of diabetes was based on fasting plasma glucose (=126 mg/dL), current taking of antidia-
betic medication, history of previous diabetes, or glycosylated hemoglobin (HbA1lc) >6.5%. Impaired fasting glucose (IFG) was
defined by fasting plasma glucose in the range of 100 to 125 mg/dL among those without diabetes.

Results: About 4.8 million (13.7%) Korean adults (=30 years old) had diabetes, and about 8.3 million (24.8%) Korean adults had
IFG. However, 29.3% of the subjects with diabetes are not aware of their condition. Of the subjects with diabetes, 48.6% and 54.7%
were obese and hypertensive, respectively, and 31.6% had hypercholesterolemia. Although most subjects with diabetes (89.1%)
were under medical treatment, and mostly being treated with oral hypoglycemic agents (80.2%), 10.8% have remained untreated.
With respect to overall glycemic control, 43.5% reached the target of HbAlc <7%, whereas 23.3% reached the target when the
standard was set to HbAlc <6.5%, according to the Korean Diabetes Association guideline.

Conclusion: Diabetes is a major public health threat in Korea, but a significant proportion of adults were not controlling their ill-
ness. We need comprehensive approaches to overcome the upcoming diabetes-related disease burden in Korea.

Keywords: Comorbidity; Diabetes mellitus; Glycated hemoglobin A; Prediabetic state; Prevalence; Public health; Republic of Korea

INTRODUCTION

The global estimated number of people with diabetes was 415
million (8.8%) among subjects aged 20 to 79 years in 2015, and
it is expected to rise by 54.7%, to 642 million (10.4%) in 2040,
according to the International Diabetes Federation (IDF) atlas

2017 [1]. It was also estimated that the Western Pacific region,
in terms of the IDF atlas, is the largest (153.2 million) region
for prevalence of diabetes and has the highest (16%) death rate
from diabetes. In Korea, diabetes is the sixth leading cause of
death, accounting for 3.9% of all deaths among individuals
aged 20 to 79 years in 2014 [2], and the leading cause of dis-
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ability-adjusted life years in 2012 [3]. Although ranking of
mortality caused by diabetes decreased from fourth place to
sixth place 10 years ago, diabetes and its complications still
represent an important problem for socioeconomic and public
health care systems in Korea [4].

With recognition of the rising burden of diabetes in Korea,
the Korea Diabetes Association (KDA) published diabetes fact
sheets in 2012, 2013, 2015, and 2016 (infographics are available
at www.diabetes.or.kr). Those published in 2012, 2013, and
2016 were based on the nationwide survey, the Korea National
Health and Nutrition Examination Survey (KNHANES), per-
formed by the Ministry of Health and Welfare and the Korean
Centers for Disease Control and Prevention (KCDC); the pub-
lication in 2015 was based on information provided by the Na-
tional Health Insurance Service (NHIS) in Korea to provide
the latest extracted, detailed information on diabetes in Korea.
These statistical resources contain many contemporary aspects
of diabetes and its related medical problems and present repre-
sentative nationwide statistics on diabetes in Korea to re-
searchers, clinicians, health care policy makers, and media
professionals. The aim of this study is to provide the assembled
accessible information about diabetes in Korea, using nation-
ally representative data, as a valuable contribution to the esti-
mation and understanding of the disease.

METHODS

This study analyzed data from the sixth (2013 to 2014) KNHANES.
Among 15,568 participants (7,030 men and 8,538 women),
10,595 subjects aged 30 years or older were included in our fi-
nal analyses (Supplementary Table 1). In brief, we estimated
percentages and the total number of subjects with diabetes and
prediabetes presented as age-standardized values by calcula-
tion of the survey sample weight with the sampling rate, re-
sponse rate, and age/sex proportion of the reference population
(national population census in 2014, 34.1 million people in
Korea are aged 30 and older, 16.7 million men and 17.4 million
women) to produce estimates representative of the noninstitu-
tionalized Korean civilian population.

KNHANES data also include a standardized health inter-
view assessing the prior history of diagnosis of diabetes, hyper-
tension, or hypercholesterolemia and medication for those
conditions. After overnight fasting, plasma glucose, total cho-
lesterol, high-density lipoprotein cholesterol (HDL-C) and tri-
glyceride (TG), serum and urinary concentration of creatinine
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were measured using a Hitachi Automatic Analyzer 7600 (Hit-
achi, Tokyo, Japan). Low density lipoprotein cholesterol (LDL-
C) was measured by direct assay in persons with TG >200 mg/
dL (Hitachi Automatic Analyzer 7600; Hitachi, Tokyo, Japan;
KNHANES 2012 to 2014). Thus, we used either directly mea-
sured or calculated LDL-C according to the Friedewald calcu-
lation: LDL-C=total cholesterol-HDL-C-(TGs/5) [5]. Glyco-
sylated hemoglobin (HbA1lc) was measured using high-per-
formance liquid chromatography (HLC-723G7; Tosoh, Tokyo,
Japan). Urinary albumin was measured in random urine sam-
ples using a Hitachi Automatic Analyzer 7600, and the ratio of
urinary albumin to urinary creatinine was calculated as albu-
min-creatinine ratio (ACR) in milligrams per gram of creati-
nine.

Diagnosis of diabetes was based on fasting plasma glucose
(FPG, 2126 mg/dL), current taking of antidiabetic medication(s),
history of previous diabetes, or HbAlc >6.5%. Impaired fast-
ing glucose (IFG) was defined by FPG in the range of 100 to
125 mg/dL among those without diabetes as defined above [6].
Obesity was defined as a body mass index (BMI; weight in kilo-
grams divided by the square of height in meters) >25.0 kg/m’,
in accordance with the Asia-Pacific criteria of the World
Health Organization (WHO) guidelines [7,8]. Abdominal
obesity was defined as waist circumference 290 cm in men
and =85 cm in women. The diagnosis of hypertension (systolic
and diastolic blood pressure [BP], mm Hg) was based on BP
>140/90 mm Hg or taking antihypertensive medication(s),
and control rate of hypertension was based on BP <140/85
mm Hg, according to the KDA Treatment Guideline for Dia-
betes 2015 (English version is available at www.diabetes.or.kr)
[9]. Diagnosis and control rate of hypercholesterolemia were
total cholesterol =240 mg/dL or taking medication(s) and
LDL-C <100 mg/dL, respectively [9,10]. The definition of al-
buminuria or chronic kidney disease (CKD) in persons with
diabetes was increased albuminuria determined by the ACR
>30 pg/mg of creatinine or estimated glomerular filtration rate
(eGFR) <60 mL/min/1.73 m? and GFR (mL/min/1.73 m?)
was calculated as 175x (Scr)™**x (Age) **” % (0.742 if female),
respectively [11]. Current smoking was defined as percentage
of adults who had smoked at least five packs of cigarettes (100
cigarettes) during their lifetime and who are currently smok-
ers. High-risk drinking was defined as more than seven glasses
in men or five glasses in women on the same occasion on each
of 2 or more days a week, and regular walking exercise activity
was defined as 5 days or more per week and for 30 minutes or
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Table 1. Estimated prevalence of adults (=30 years old) with diabetes and impaired fasting glucose

Diabetes Impaired fasting glucose
Variable
Total Men Women Total Men Women
By age group, yr
>30 13.7 (4,810) 15.7 (2,580) 11.9 (2,230) 24.8 (8,259) 29.6 (4,786) 20.1 (3,473)
265 30.4 (1,951) - - 26.6 (1,684) - -
30-39 3.1(124) 2.1 (80) 20.0 (796) 11.2 (425)
40-49 12.1 (521) 5.7 (239) 31.4(1,354) 16.9 (708)
50-59 18.8 (748) 11.1 (442) 37.9(1,511) 262 (1,042)
60-69 33.1(729) 24.1(574) 30.3 (668) 26.9 (642)
>70 272 (457) 33.8(895) 27.1 (457) 24.4(657)
By family incomes (quartiles)*
Quartile 1 15.1 17.7 12.6 224 27.0 17.8
Quartile 2 12.8 14.7 10.6 24.2 28.1 20.4
Quartile 3 11.7 13.3 10.2 24.6 29.2 20.3
Quartile 4 11.2 13.4 9.2 23.2 29.7 16.9

Values are presented as percentage (number) and percentage.
“From the lowest to the highest.

more per activity. Informed consent was obtained during the
process of KNHANES and the survey protocol was approved
by the Institutional Review Board of the KCDC (2013-07CON-
03-4C, 2013-12EXP-03-5C).

RESULTS

Prevalence of diabetes and IFG in Korea

The estimated population of diabetes in Korean adults (=30
years of age) is 4.8 million, which represented 13.7% of this
group in 2013 to 2014 (Table 1). This means nearly one of sev-
en Koreans had diabetes. The prevalence of diabetes increased
with age up to their 60s in men and their 70s in women. In the
group aged 40 to 49 years, the prevalence of diabetes was more
than double in men (12.1%) compared to women (5.7%).
However, in those individuals aged 70 years or older, diabetes
in women was more prevalent than in men (33.8% vs. 27.2%).
The prevalence of diabetes was 1.4 times more common in
subjects in the lowest quartile for family income (15.1%) than
in the highest quartile (11.2%). The prevalence of IFG in adults
aged 30 years or older was 24.8% (8.3 million) (Table 1). This
means nearly one in four nondiabetic Koreans have IFG. IFG
was more prevalent in men (29.6%) than in women (20.1%), as
in diabetes (15.7% vs. 11.9%). Current smoker and high-risk
drinker subjects with diabetes amounted to 27.4% and 14.3%,
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Table 2. Estimated proportion for health behaviors in adults
with diabetes

Variable Currelznt High-?isk 52?12?;
smoking drinking exercise
Total
>30yr 274 14.3 21.9
265 yr 13.7 3.7 7.6
By sex and age group, yr
Men 44.0 23.0 38.3
30-39 61.8 34.5 38.2
40-49 57.2 39.8 46.4
50-59 46.2 25.5 32.7
60-69 41.6 14.6 18.5
=70 18.7 7.5 12.6
Women 5.2 2.6 37.3
30-39 20.2 7.8 11.1
40-49 1.5 7.5 11.5
50-59 6.0 43 6.9
60-69 6.3 0.0 0.0
=70 3.0 12 3.9

Values are presented as percentage.

respectively, and 21.9% of those with diabetes participated in
regular walking exercise activity (Table 2).
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Comorbidities in diabetic adults in Korea

The prevalence of obesity and abdominal obesity in Korean
adults with diabetes was 48.6% and 58.9%, respectively (Fig. 1).
Morbid obesity (BMI >30 kg/m*) was 8.0% in men, 12.1% in
women, and 9.7% in Korean adults with diabetes [7,8]. In ad-
dition, 54.7% and 69.1% had hypertension and reached the BP
target goal, respectively. The prevalence and control rate of hy-
percholesterolemia were 31.6% and 49.8%, respectively. The

prevalence of albuminuria and CKD in adults with diabetes
was 23.9% and 12.5%, respectively. Collectively, the prevalence
of nephropathy in Korean adults with diabetes (either albu-
minuria or CKD) was 30.3% (Table 3).

Management of diabetes
Among adults with diabetes (previously and newly diagnosed
at this survey), 70.7% were aware of their condition and 63.0%

Obesity
[118.5-22.9 [123.0-249 M >25.0
100
80
60
g 48.6 48.1 49.4

40 +

270 236 274 240 262 35
20 [ [ ]
0

Total Men Women

Abdominal obesity

100

80

61.2
0 L 589 55.9
9

40

20

0

Q Total Men Women e

Fig. 1. Estimated proportion of adults (>30 years old) with diabetes according to body mass index (kg/m?) (A) and abdominal
obesity (B). Abdominal obesity is defined by abdominal circumferences =90 cm in men and >85 cm in women.

Table 3. Estimated prevalence and control rate of comorbidities in adults with diabetes

) Hypertension Hypercholesterolemia Nephropathy
Variable Prevalence Treatment rate Prevalence Treatmentrate  Albuminuria CKD Total
Total
>30yr 54.7 69.1 31.6 49.8 239 12.5 30.3
=65yr 71.7 76.6 31.7 51.0 26.1 23.1 39.0
By sex and age group, yr
Men
30-39 15.8 81.3 40.4 46.9 8.7 4.7 8.7
40-49 43.2 449 26.6 44.7 28.0 0.9 28.9
50-59 51.0 55.9 28.7 59.9 24.1 11.8 28.5
60-69 58.9 74.5 29.8 54.0 26.0 13.7 35.6
>70 66.9 77.7 17.7 51.7 33.5 32.5 52.5
‘Women
30-39 7.8 92.2 42.1 32.2 23.2 - 23.2
40-49 242 73.6 19.6 34.1 22.6 3.8 22.6
50-59 42.3 79.9 35.5 43.1 18.7 35 19.5
60-69 70.6 76.6 44.9 49.1 21.0 11.4 25.5
=70 78.1 72.4 37.0 49.1 20.7 22.9 34.5

Values are presented as percentage.

CKD, chronic kidney disease.
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None,
10.8%

Insulin+ OHA,
8.9%

TLC, 0.1%

OHA(s), 80.2%

A

29.5

<65 65-69 7.0-79 80-89 9.0-99 =10

HbAI1c (%) (B)

Fig. 2. Estimated proportion of adults (=30 years old) with diabetes according to type of treatment for hyperglycemia (A) and
glycosylated hemoglobin (HbA1c) (%) (B). OHA, oral hypoglycemic agent; TLC, therapeutic life style.

Table 4. Estimated proportion of awareness, treatment, and
comprehensive management® in adults with previously diag-
nosed diabetes

Comprehensive
Variable Awareness Treatment Mmanagement
<6.5 <7.0
Total
>30yr 70.7 63.0 9.4 16.8
265 yr 85.2 77.6 12.0 22.0
By sex and age group, yr
Men
30-39 = - 18.6 29.7
40-49 46.0 32.9 7.0 8.0
50-59 65.5 59.3 7.9 14.9
60-69 78.4 72.2 9.0 19.5
>70 82.0 73.6 15.0 26.0
Women
30-39 - - 13.4 13.4
40-49 56.9 52.8 5.6 9.1
50-59 68.7 59.7 5.6 13.1
60-69 81.5 75.6 10.7 16.9
=70 87.4 80.8 10.3 20.9

Values are presented as percentage.
*Comprehensive management included treatment of hyperglycemia,
hypertension, and hypercholesterolemia.

were in treatment. Most adults with previously diagnosed dia-
betes were treated with oral hypoglycemic agents (80.2%),
while 8.9% were treated with insulin with or without an oral
hypoglycemic agent; 10.8% were maintained without pharma-
cologic treatment. The control rate among those with previ-
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ously diagnosed diabetes was 23.3% for a target goal of HbAlc
<6.5% or 43.5% for <7%. Fourteen point six percent (14.6%)
of Korean diabetic adults remained above 9.0% of HbA1lc (Fig.
2). Only 9.4% were under effective comprehensive manage-
ment (namely, HbAlc <6.5%, systolic and diastolic BP <140/
85 mm Hg, and LDL-C <100 mg/dL) based on the KDA treat-
ment guideline 2015 (Table 4) [9].

DISCUSSION

Since 2012, the KDA has been working with the KCDC to de-
rive regular statistics for the diabetes fact sheets in Korea [4,12-
15]. In 2013 to 2014, an estimated 4.8 million Korean adults
had diabetes, and 8.3 million had IFG (prediabetes). The prev-
alence of diabetes steadily increased (A59.3%) over 15 years
from 2001 (8.6%) to 2014 (13.7%) in a nationally representa-
tive sample of Koreans aged >30 years [16]. Because the mea-
surement of HbAlc was available and included in the diagnos-
tic criteria since KNHANES 2011 [13], there was a difference
in the criteria for diagnosis of diabetes between studies. In ad-
dition, this increase is due to the aging of the population and
increasing obesity [13,17]. Moreover, differences in prevalence
by family income were clearly observed in both men and
women; therefore, older people or subjects with low income
bear a strikingly disproportionate burden of diabetes in Korea.
Among Korean adults with diabetes, seven out of 10 (70.7%)
were aware of their condition, and about two-thirds (63.0%,
both diagnosed and undiagnosed) were in treatment, but only
one of four of those with documented diabetes reached the tar-
get levels defined by HbAlc <6.5%.

Among Koreans >30 years of age, 15.7% of men and 11.9%
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of women had diabetes. Of older people (=65 years of age),
30.4% had diabetes. The highest prevalence was among those
aged 60 to 69 years old (33.1%) in men and >70 years old in
women (33.8%), which is consistent with global age-specific
prevalence figures of diabetes provided by the IDF [1]. Inter-
estingly, the highest prevalence of IFG was observed in a 10-
year younger group compared to that of diabetes in men in
their 50s or women in their 60s. Therefore, it is predicted that
older people with diabetes will increase in the aging society of
Korea when those with IFG, who are at increased risk of diabe-
tes [18], are incorporated into the diabetes risk model [19].
This reflects concomitant changes in increased intakes of calo-
ries and sedentary lifestyle [20] and calls for lifestyle interven-
tions to prevent or delay progression from IFG to type 2 diabe-
tes mellitus in Korea. In addition, the awareness and treatment
rate for diabetes, and the control rate for hypertension, hyper-
cholesterolemia, and comprehensive management for diabetes
were lowest in subjects 40 to 49 years in both sexes. Current
smoking, high-risk drinking, and sedentary lifestyles were
prominently prevalent in this age group. This emphasized that
there is also a need to encourage educational support and im-
plementation of intensive intervention, especially for subjects
with diabetes in their 40s, to prevent diabetes-related health
and socioeconomic burden in the coming decades in Korea.
Type 2 diabetes mellitus is associated with clustered risk fac-
tors for cardiovascular diseases (CVDs) [21]. The prevalence
was 54.7% for hypertension, 31.6% for hypercholesterolemia,
and 48.6% for obesity among adults with diabetes. Although
aggressive treatment of hypertension and hypercholesterol-
emia is recommended for adults with diabetes to prevent mi-
cro- and macrovascular complications, the proportion of
adults with diabetes who achieved targets for control of BP and
LDL-C were 69.1% and 49.8%, respectively [22,23]. CKD is
also known to increase the risk of CVD, CVD outcomes, and
all causes of mortality [24]. The prevalence of albuminuria and
reduced eGFR (<60 mL/min/1.73 m?) in Korean adults with
diabetes was 23.9% and 12.5%, respectively. Compared to pre-
vious studies conducted by the task force team of fact sheets of
the KDA [12-15], there are some discrepancies regardless of
the study population, statistical methods such as adjustment
and sampling weight, and extrapolations of rates beyond the
data collection period. The definition of IFG by using
KNHANES 2011 included the value of FPG, HbAlc, or both
between 5.7% and 6.4% [13], but in this study, we defined IFG
by only the FPG level in nondiabetic subjects. The control rate
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of hypertension (33.3%) based on KNHANES 2011 was much
lower than observed in this study (69.1%) [14]; we thought
that this difference was largely caused by the difference in BP
levels defined as controlled based on KDA guidelines between
2012 (<130/80 mm Hg) and 2015 (<140/85 mm Hg) [9,25].
The prevalence and control rate of hypercholesterolemia were
36.0% and 62.6% in studies using KNHANES 2010, respec-
tively [15]. Compared to this study (31.6% and 49.8%, respec-
tively), a relatively higher prevalence of hypercholesterolemia
and treatment rate of hypercholesterolemia might be caused by
a higher rate of self-reported diagnosis by a physician and use
of lipid-lowering drugs. Although the prevalence of albumin-
uria in this study (23.7%) is comparable to previous studies us-
ing KNHANES 2011 (26.7%) [12], there is a relatively large
difference in the prevalence of decreased eGFR (<60 mL/min/
1.73 m?% 12.5% in 2013 to 2014 and 8.6% in 2011). The main
difference between these two studies is that we used revised
modification in diet renal disease (MDRD) 175 equations
rather than the traditional MDRD 186 equations used in pre-
vious studies. Despite the same source of data, such as the
KNHANES, we need to take differences in population esti-
mates into account in comparing possible trends in prevalence.

Previously, data from the health insurance claims database
of Korea NHIS showed that the prevalence of type 2 diabetes
mellitus among adults aged >30 years, based on the claim his-
tory for antidiabetic medications in subjects with International
Classification of Diseases 10th (ICD-10) codes E11-E14, in-
creased from 5.6% to 8% from 2006 to 2013 [26]. Although the
NHIS data used information about ICD-10 codes and billing
for reimbursement of health care services eligible for coverage
based mainly on pharmacologically treated diabetes [27], this
update used data containing the laboratory and health behav-
ioral information, and diagnoses of diabetes and comorbidities
(hypertension, hypercholesterolemia, and obesity) were based
on measurements of FPG, HbAlc, BP, lipid profile, BMI, and
abdominal circumferences. In addition, previous studies found
that the diagnostic validity of health insurance data for diabe-
tes was only 62.7% [28]. In addition, health insurance claim
data would not include the information about subjects with
undiagnosed or untreated diabetes, and it was estimated that
more than 50% of adults with diabetes in the Western Pacific
regions were undiagnosed according to the IDF diabetes atlas
[1]. Therefore, we need more accurate national estimates of di-
abetes prevalence for planning and monitoring prevention and
treatment strategies to reach the goals developed by the WHO.
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Thus, our analysis, based on the natinal level health exami-
nation survey data, would be representative of the nationwide
prevalence of diabetes in Koreans. However, our study has
some limitations. First, it is difficult to prove that those studies
and this one correlate, because this study is a cross-sectional,
descriptive study, and we provided the actual estimated data
rather than statistical powers to analyze or compare these esti-
mates to prove the relationship between variables or the com-
parison between subjects with and without diabetes or differ-
ent data sets. Second, most estimations of our variables were
carried out by self-reported questionnaires and face-to-face in-
terviews, which always implies the possibility of recall bias.
However, there was a high concordance between the self-ad-
ministered questionnaire and the actual measurement of dia-
betes (x=0.82) in the KNHANES [29]. Third, with these analy-
ses, it was not possible to estimate the relative proportion of
the population with type 1 diabetes mellitus from the total esti-
mates because there were no measurable biomarkers or medi-
cal records to identify type 1 diabetes mellitus.

Although accumulating evidence has suggested that the im-
portance of glycemic control and availability of newly devel-
oped antidiabetic treatment has increased over the past few de-
cades, the control rate of diabetes (defined by HbAlc <6.5%)
in Korean adults remains unsatisfactory between 2005 (22.9%)
and 2014 (23.3%) [30]. In addition, one out of seven adults
(14.6%) with diabetes has remained in a poorly controlled
state (HbAlc 29.0%) in Korea. We are now facing serious
threats: increased prevalence of diabetes, much higher preva-
lence of IFG, putative undiagnosed diabetes, and poorly con-
trolled diabetes and comorbidities, especially in middle-aged
subjects with diabetes. Thus, it is crucial for the government to
understand the magnitude of the current status accurately;
monitor its trend; and provide appropriate and timely inter-
ventions, funds, and educational programs both to prevent or
delay the development of diabetes and to help individuals with
diabetes.

Diabetes continues to be a major public health threat in Ko-
rea, affecting one in seven adults. However, a significant pro-
portion of the adult population is not controlling their illness.
It is critical to monitor this situation continuously through na-
tionally representative data and to establish a program for the
prevention of diabetes and its related comorbidities to reach
the nation’s urgent goals.
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Supplementary Table 1. Demographic and clinical character-
istics of 10,595 subjects aged 30 years or older

Variable Value
Male sex 4,574 (43.2)
Age, yr 54.1+14.5
BMLI, kg/m’ 239433
Systolic BB, mm Hg 119.2+17.1
Diastolic BP, mm Hg 75.0+10.6
FPG, mg/dL 101.2+23.4
HbAlc, % 5.9+0.8
TC, mg/dL 190.3+35.4
HDL-C, mg/dL 50.6+11.9
Triglyceride, mg/dL 141.0£109.5
LDL-C, mg/dL 115.8+34.3

Values are presented as number (%) or mean + standard deviation.
BMI, body mass index; BP, blood pressure; FPG, fasting plasma glu-
cose; HbAlc, glycosylated hemoglobin; TC, total cholesterol; HDL-C,
high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol.
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