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Abstract
This study aimed to evaluate the prevalence, awareness, and control of hypertension, diabetes, and dyslipidemia in Korea according
to sex and age, and to identify factors that were associated with the prevalence, awareness, and control of these cardiovascular risk
factors among middle-aged Koreans.
A cross-sectional analysis was conducted using 2013 data from the National Health Insurance Service-National Sample Cohort

(NHIS-NSC) database. A total of 136,755 individuals were considered eligible based on no history of stroke or heart disease, age of
40 to 64 years at the examination, and completion of health examinations. Data regarding demographic factors and cardiovascular
risk factors had been obtained using questionnaires, physical examinations, and blood tests.
Hypertension was the most prevalent condition among middle-aged Koreans (25.76%), followed by dyslipidemia (16.58%) and

diabetes (10.22%). Among these three conditions, dyslipidemia was associated with the lowest awareness rates (24.14%).
Hypertension and diabetes were more prevalent among men than among women, although the prevalence of dyslipidemia was
higher among women>50 years old. The prevalence of hypertension and diabetes increased with advancing age among men and
women, although the prevalence of dyslipidemia decreased with age among men (highest prevalence: 50.59% among men aged
between 40 and 44 years). Among Korean men (relative to women), the odds ratios were 1.50 for hypertension, 1.96 for diabetes,
and 0.82 for dyslipidemia. Age, central obesity, and body mass index were significantly associated with the development of all
3 conditions.
There are sex- and age-specific patterns in the prevalence, awareness, and control of hypertension, diabetes, and dyslipidemia in

Korea. Dyslipidemia is becoming increasingly common althoughmost middle-aged Koreans are not aware of this condition leading to
low control rate. These results may help identify population subgroups at a high risk of hypertension, diabetes, and dyslipidemia, and
may guide the management of cardiovascular disease in Korea.

Abbreviations: BMI = body mass index, CI = confidence intervals, CVD = cardiovascular disease, DBP = diastolic blood
pressure, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, NHI = National Health
Insurance, NHIS-NSC = National Health Insurance Service-National Sample Cohort, OR = odds ratio, SBP = systolic blood
pressure, SPRINT = systolic blood pressure intervention trial, WC = waist circumference.
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1. Introduction

Despite the remarkable decrease inmortality due to cardiovascular
disease (CVD) in Western countries,[1,2] CVD-related mortality is
increasing in South Korea.[3] In addition, CVD continues to be one
of the leading causes of death among Korean adults>50 years of
age.[3] Furthermore, between 2012 and 2016, the number of
patients with ischemic heart disease increased by 13% and the
related medical costs increased by 27%.[4] Moreover, Koreans
experience myocardial infarction and sudden cardiac deaths at
ages that are approximately 7–10 years younger than those
occurring in other comparable countries.[5,6] The average age of
myocardial infarction is 56 years among Korean men, and
approximately one-half of heart attacks occur amongKoreanmen
in their 40s and 50s.[7] These statistics highlight the prominent
societal burden of CVD-related morbidity and mortality in Korea.
Hypertension, diabetes, and dyslipidemia are controllable

major risk factors for CVD, and evidence suggests that
controlling these risk factors is effective as a primary prevention
strategy for CVD.[2,8] For example, the recent declining trend in
CVD-related mortality in Western countries is largely attribut-
able to better control of CVD risk factors through improvements
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in medical treatment. Unfortunately, the prevalence of these
risk factors is increasing among middle-aged Koreans.[9,10] For
example, the prevalence of hypercholesterolemia among Korean
men in their 50s increased from 8.7% in 2001 to 21.8% in 2010,
and the prevalence among women increased from 13.6% to
28.7%,[9] with a 56% increase in the prevalence of diabetes
between 2001 and 2011 among Koreans in their 50s.[10]

Clustering of risk factors is also common among middle-aged
Koreans, with 40% of 40-year-old Koreans having at least 2
cardiovascular risk factors, such as hypertension, diabetes, or
dyslipidemia.[11] Approximately 12% of blue-collar workers
(65.5% of men with an average age of 37 years) have been
categorized as being at high risk for CVDbased on the presence of
3 or more risk factors.[12] Therefore, aggressive CVD risk
reduction through adequate control of modifiable cardiovascular
risk factors is urgently needed among middle-aged Koreans.
The clinical guidelines for CVD prevention emphasize the

importance of individuals being aware of how many cardiovas-
cular risk factors may be present.[13] However, few studies have
explored levels of awareness and control of hypertension,
diabetes, and dyslipidemia among middle-aged Koreans. In this
context, the Korean National Health Insurance (NHI) operates
as a compulsory social insurance system that covers health
screening for all insured persons and their dependents. The NHI
maintains the National Health Insurance Service-National
Sample Cohort (NHIS-NSC) database and includes information
from noninstitutionalized adults who have participated in health
screening programs, which could be helpful for estimating the
prevalence, awareness, and control of hypertension, diabetes,
and dyslipidemia among middle-aged Koreans. Therefore, this
study used NHIS-NSC data to examine these issues according to
sex and age, as well as to identify factors that were associated
with prevalence, awareness, and control of CVD risk factors in
Korea.
2. Methods

2.1. Data source and study design

The health examination dataset from the NHIS-NSC database
was used for this retrospective study. The NHIS-NSC cohort is a
population-based cohort that was established to provide public
health researchers and policy makers with representative
information regarding the citizens’ utilization of medical services
and health examinations. The original cohort of 1,025,340
individuals was selected in 2002 and accounted for 2.2% of the
eligible Korean population. These individuals were followed for
11 years until 2013 unless they were disqualified because of death
or emigration.[14] Individuals were selected using a stratified
sampling with proportional allocation (18 age groups, both
sexes, and 41 income-based groups) that provided satisfactory
representativeness and data accuracy.[14] The database includes
de-identified information to protect individual anonymity, and
alternate identification numbers are assigned to facilitate
matching of descriptive data for the same individual.
This cross-sectional study evaluated the 2013 health examina-

tion dataset that included de-identified data from laboratory tests
and self-reported information regarding health behaviors.
Eligibility criteria for the present study comprised:
1)
2)
completing the national health screening in 2013,
being aged between 40 and 64 years and,
2

3)
 having no diagnosis of established CVD. Based on these
criteria, 136,655 middle-aged Koreans were included in the
study.

The study’s retrospective protocol was approved by the
appropriate institutional review board (AJIRB-SBR-EXP-17–
467).
2.2. Measurements

Hypertensionwas defined as a systolic or diastolic blood pressure
(SBP/DBP) of ≥140/90 mmHg or a history of diagnosed
hypertension.[15] The American Heart Association has presented
a new standard for hypertension criteria (SBP/DBP ≥130/80
mmHg) based on results of clinical trials, including the Systolic
Blood Pressure Intervention Trial (SPRINT)[16]; however, the
Korean Society of Hypertension decided to maintain the existing
hypertension criteria of SBP/DBP ≥140/90 mmHg because of a
lack of research on effective prevention of CVD and on the cost-
effectiveness of lowering the hypertension criteria for Kore-
ans.[17]. Awareness of hypertension was defined as the propor-
tion of individuals who had a history of diagnosed hypertension
among all individuals with hypertension. Control of hyperten-
sion was defined as the proportion of individuals with a BP of<
140/90 mmHg among all individuals with hypertension (control
among prevalent) and among individuals aware of their
hypertension (control among aware). Diabetes was defined as
a self-reported history of diabetes or a fasting blood glucose
concentration of ≥126mg/dL.[18] For diabetes awareness, the
number of those who reported a history of diagnosed diabetes
was divided by the number of those with diabetes. For control of
diabetes, the numerator was those controlled and the denom-
inators were those with diabetes (control among prevalent) and
those aware of having diabetes (control among aware). The
National Cholesterol Education program guidelines has defined
a high concentration of total cholesterol as ≥240mg/dL,[13]

which was defined as dyslipidemia. Awareness of dyslipidemia
was defined as the proportion of individuals who had a history of
diagnosed hypercholesterolemia among all individuals with
dyslipidemia. Control of dyslipidemia was defined as the
proportion of individuals with a total cholesterol as<240mg/
dL among all individuals with dyslipidemia and among
individuals aware of their condition. Obesity was defined as a
bodymass index (BMI) of≥25kg/m2 based on theWorld Health
Organization’s recommendations for the Asian-Pacific re-
gion.[19] Abdominal obesity was defined as awaist circumference
(WC) of ≥90cm among men and a WC of ≥85cm among
women, based on the recommendations of the Korean Society
for the Study of Obesity.[20] Individuals were considered
current smokers if they reported currently smoking. Levels of
exercise and parental history of CVD (myocardial infarction or
stroke) were also self-reported. In this study, we defined regular
exercise as engaging in at least 30min of moderate activity 3 days
a week.
2.3. Data analysis

Data analysis was performed using SAS software (version 9.4)
with sampling weights of 1/0.022. The surveyfreq function was
used to estimate proportions, and the surveymeans function was
used to estimate mean values. Odds ratios (ORs) and 95%
confidence intervals (CI) were calculated using logistic regression
analysis via the surveylogistic function.



Table 1

Characteristics of subjects (n=136,655).

Characteristics
% or mean
(95% CI)

Gender Male 51.56
Female 48.44

Age (yr) 40–44 24.99
45–49 19.51
50–54 23.82
55–59 17.16
60–64 14.52

Residence Urban area 45.98 (45.71, 46.24)
Rural area 54.02 (53.76, 54.29)

Income 1st 16.69
2nd 23.85
3rd 30.33
4th 29.12

Central obesity Yes 20.27 (20.06, 20.48)
No 79.73 (79.52, 79.94)

BMI≥25 Yes 33.89 (33,64, 34.14)
No 66.11 (65.86, 66.36)

Current smoking Yes 22.86 (22.66, 23.05)
No 77.14 (76.95, 77.34)

Regular exercise Yes 35.28 (35.03, 35.53)
No 64.72 (64.47, 64.97)

Parental history of CVD Yes 11.13 (10.96, 11.30)
No 88.87 (88.70, 89.04)

SBP (mmHg) 121.89 (121.8, 121.96)
DBP (mmHg) 76.51 (76.46, 76.56)
LDL (mg/dL) 117.72 (117.54, 117.89)
HDL (mg/dL) 56.16 (55.08, 55.24)
TC (mg/dL) 199.21 (199.0, 199.40)
TG (mg/dL) 134.29 (133.8, 134.74)
Fasting blood glucose (mg/dL) 99.92 (99.79, 100.05)

BMI=body mass index, CI= confidence interval, CVD= cardio vascular disease, DBP=diastolic
blood pressure, HDL=high density lipoprotein, LDL= low density lipoprotein, n= total sample, SBP=
systolic blood pressure, TC= total cholesterol, TG= triglyceride, yr= years.
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3. Results

3.1. Prevalence, awareness, and control rates of
hypertension, diabetes, and dyslipidemia

Table 1 presents the general and CVD-related individual
characteristics. Approximately 33% of middle-aged Koreans
were obese and approximately 20% were centrally obese, based
on the regional cut-off values for BMI and WC. Approximately
23% of the individuals were current smokers, and approximately
67% were considered as physically inactive.
The overall prevalence rates were estimated to be 25.76%

(95% CI: 25.54, 25.99%) for hypertension, 10.22% (95% CI:
10.06, 10.38%) for diabetes, and 16.58% (95% CI: 16.39,
16.78%) for dyslipidemia (Table 2). Approximately 67% of
Table 2

Prevalence, awareness, and control of hypertension, diabetes, and d

Variables
Prevalence Awareness

Hypertension 25.76 (25.54, 25.99) 67.10 (66.62, 67.57
Diabetes 10.22 (10.06, 10.38) 61.81 (61.02, 62.59
Dyslipidemia 16.58 (16.39, 16.78) 24.14 (23.59, 24.68

CI= confidence interval.

3

individuals with hypertension were aware of their condition, and
of these, about 70% had controlled BP values (<140/80 mmHg).
The proportion of those with diabetes awareness was 61.81%,
and, of these, 42.47% had controlled blood glucose concen-
trations. Only 24.14% of individuals with dyslipidemia were
aware of their condition, and of these, 84.53% of them had
controlled total cholesterol concentrations (<240mg/dL). The
prevalence rates for CVD risk factor clustering according to age
and sex are shown in Figure 1. Two or more risk factors
(hypertension, diabetes, or dyslipidemia) were present for
approximately 7% of 40–44-year-old men and approximately
2% of 40–44-year-old women, with these proportions increasing
to 18.4% of 60–64-year-old men and 20.2% of 60–64-year-old
women.

3.2. Prevalence, awareness, and control rates of
hypertension, diabetes, and dyslipidemia according to sex
and age

Table 3 shows the prevalence, awareness, and control rates of
hypertension, diabetes, and dyslipidemia according to sex and
age. Hypertension and diabetes prevalence were higher in men
than in women and generally increased with advancing age in
bothmen andwomen. However, a different pattern was observed
in regard to the prevalence of dyslipidemia. In women, the
prevalence of dyslipidemia generally increased with age, while the
prevalence inmenwas highest at the age of 40–44 years (15.81%)
and subsequently decreased with age.
The awareness and control rates were generally higher in

women than in men and increased with advancing age. Thus, the
youngest men had the lowest rates of CVD risk factor control.
For example, 42.54% of hypertensive 40–44-year-old Korean
men were aware of their condition and, of these, 65.27% had
controlled blood pressure. Furthermore, only approximately
42% of 40–44-year-old men were aware of having diabetes and,
of these, 36.51% had controlled blood glucose concentrations.
Dyslipidemia awareness was lower but the control rate among
aware individuals was higher than those for hypertension and
diabetes. For example, 12.38% of 40–44-year-old women were
aware of having dyslipidemia and, of these, 82.89% had
controlled total cholesterol concentrations.
3.3. Factors that predicted the prevalence, awareness,
and control rates of hypertension, diabetes, and
dyslipidemia

Tables 4 shows the results from regression models that estimated
the prevalence, awareness, and control rates for all 3 conditions.
Relative to Korean women, Korean men were more likely to have
hypertension (OR: 1.50, 95% CI: 1.46, 1.53) and diabetes (OR:
1.96, 95% CI: 1.89, 2.04), but were less likely to have
dyslipidemia (OR: 0.82, 95% CI: 0.79, 0.84). Furthermore,
yslipidemia.

% (95% CI)
Control among prevalent Control among aware

) 47.51 (47.00, 48.03) 70.82 (70.24, 71.40)
) 26.25 (25.53, 26.97) 42.47 (41.43, 43.51)
) 20.40 (19.89, 20.91) 84.53 (83.58, 85.47)
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Figure 1. Clustering of CVD risk factors by sex and age groups. CVD=cardio vascular disease.
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Korean men were less likely to be aware that they had
hypertension (OR: 0.71, 95% CI: 0.68, 0.74), diabetes (OR:
0.71, 95% CI: 0.66, 0.76), and dyslipidemia (OR: 0.87, 95% CI:
0.82, 0.92). Moreover, Korean men were less likely to have
control of their blood pressure (OR: 0.87, 95% CI: 0.82, 0.92)
and blood glucose concentration levels (OR: 0.76, 95% CI: 0.70,
0.83).
Increasing age was associated with increases in prevalence,

awareness, and control rates of the CVD risk factors. For
example, compared to 40–44-year-old Koreans, 60–64-year-old
Table 3

Age-specific prevalence, awareness, and control rates of hypertensi

Hypertension Dia

Age
group

Prevalence Awareness

Control
among
prevalent

Control
among
aware Prevalence Awarenes

M F M F M F M F M F M F

40–44 18.82 7.49 42.54 41.75 27.77 28.83 65.27 69.04 7.13 2.73 42.19 50.5
45–49 24.22 13.33 55.45 57.11 37.54 41.12 68.83 72.01 10.16 4.40 50.34 51.7
50–54 30.77 22.63 64.83 69.46 45.88 51.10 70.77 73.57 14.31 6.64 57.60 62.8
55–59 37.47 30.67 72.08 77.29 50.51 57.14 70.07 73.93 17.62 10.04 63.90 70.1
60–64 45.85 42.48 79.68 81.80 55.89 58.18 70.14 71.14 21.51 14.67 73.12 77.8

F= female, M=male.

4

Koreans had a higher prevalence of hypertension (OR: 5.00, 95%
CI: 4.80, 5.21), diabetes (OR: 4.06, 95% CI: 3.82, 4.31), and
dyslipidemia (OR: 1.88, 95% CI: 1.79, 1.97). Furthermore, 60–
64-year-old Koreans were more likely to be aware that they had
hypertension (OR: 5.71, 95% CI: 5.28, 6.18), diabetes (OR:
3.81, 95% CI: 3.38, 4.30), and dyslipidemia (OR: 3.64, 95% CI:
3.28, 4.05). Moreover, 60–64-year-old Koreans were more likely
to have controlled their hypertension (OR: 1.23, 95% CI: 1.10,
1.37), diabetes (OR: 1.38, 95%CI: 1.17, 1.63), and dyslipidemia
(OR: 3.22, 95% CI: 2.52, 4.11).
on, diabetes, and dyslipidemia by sex.

%

betes Dyslipidemia

s

Control
Among
prevalent

Control
among
aware Prevalence Awareness

Control
among
prevalent

Control
among
aware

M F M F M F M F M F M F

8 15.40 23.08 36.51 45.62 15.81 7.83 15.22 12.38 10.74 10.26 70.56 82.89
6 17.99 21.07 35.73 40.71 15.48 12.42 18.72 14.15 15.04 12.05 80.34 85.19
8 21.91 28.23 38.05 44.9 15.74 21.19 23.67 20.82 19.81 16.97 83.69 81.52
2 26.19 31.79 40.99 45.34 14.47 25.55 29.08 29.39 25.86 24.84 88.93 84.52
4 32.37 39.18 44.27 50.34 13.74 26.88 36.64 38.59 34.10 34.22 93.08 88.66
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Relative to being sedentary, being physically active was
associated with a lower risk of dyslipidemia (OR: 0.91, 95%
CI: 0.88, 0.94). Furthermore, physically active Koreans were
more likely to control their blood pressure (OR: 1.07, 95% CI:
1.01, 1.14) and blood glucose concentration levels (OR: 1.09,
95% CI: 1.01, 1.19). Smoking was associated with an increased
risk of having hypertension (OR: 1.06, 95% CI: 1.03, 1.09) and
diabetes (OR: 1.50, 95% CI: 1.44, 1.56). Individuals with a
parental history of CVD had a higher likelihood of having
hypertension and diabetes, but were more aware and had better
control of their condition.
4. Discussion

The most important finding of this study is that major CVD risk
factors are highly prevalent among middle-aged Koreans without
diagnosed CVD, and that these individuals have suboptimal
awareness and control rates. The present study estimated that the
prevalence rates were 25.76% for hypertension, 10.22% for
diabetes, and 16.58% for dyslipidemia (Table 2). Thus, it appears
that the prevalence of hypertension is lower than in previous
epidemiological reports,[21] although the prevalence rates for
diabetes and dyslipidemia are increasing, which could lead to a
decrease in deaths not only due to cerebral hemorrhage but to an
increasing mortality rate that could be attributed to the
atherosclerotic features of CVD.[22] Hypertension provides the
greatest contribution to the population-attributable risk of total
CVD among Koreans, with an estimated 34% of Korean CVD
cases being preventable solely through controlling high BP.[23]

Thus, community-based national efforts have been made over the
last 15 years to improve the early detection of hypertension in
Korea and to track affected individuals’ medication usage.[24]

This may lead to increased levels of hypertension awareness and
control, although our findings suggest that substantial improve-
ment is still required for hypertension treatment, as<50% of all
hypertensive individuals had achieved a controlled blood
pressure.
The clinical guidelines for CVD prevention classify diabetes as

a CVD equivalent condition, which requires the most aggressive
risk reduction efforts to prevent CVD among patients with
diabetes. The present study revealed that the rates of diabetes and
hypertension awareness were similar, although the diabetes
control rate was approximately 50% lower than the hypertension
control rate. In addition, Korea and the US have similar
prevalence rates for diabetes, although the Korean diabetes
control rate is considerably lower than the American diabetes
control rate (56.8%).[25] Therefore, aggressive treatment based
on the clinical guidelines is needed to improve the diabetes
control rate and prevent CVD in Korea.
Another important cardiovascular risk factor is dyslipidemia,

which appears to be a major public health issue among middle-
aged Koreans. The Korean prevalence of dyslipidemia has
increased sharply over the last decade, with the age-adjusted
prevalence of hypercholesterolemia among>30-year-old Kore-
ans increasing from 7.3% in 2005 to 20.6% in 2016.[26]

Similarly, the present study revealed that approximately 17% of
middle-aged Koreans had hypercholesterolemia, with worryingly
low rates of awareness and control. Poor awareness and
unsatisfactory control of dyslipidemia have also been observed
in previous studies,[27–29] with poor awareness potentially
contributing to a low control rate. In this context, the American
Heart Association recommends that dyslipidemia screening start
when individuals are in their 20s and notes that consistent

http://www.md-journal.com
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monitoring is essential. In the present study, 40–44-year-old
men had the highest prevalence of dyslipidemia, which suggests
that this condition may be developing at even younger ages. The
lack of awareness regarding this condition may also be related to
an absence of related symptoms, and because confirmation
requires a minimum of 8h of fasting followed by blood
analysis.[28,30] In Korea, currently insured employees or self-
employed individuals can undergo regular health screening
provided by the NIH regardless of their age, although coverage of
their dependents, family members, and medical aid beneficiaries
only begins at the age of 40 years. Given the importance of related
chronic diseases, it may be useful to perform earlier mandatory
screening, even using rapid tests for dyslipidemia, to facilitate
earlier detection and timely control.
Another noteworthy finding of the present study is that there

were sex- and age-specific patterns in the prevalence, awareness,
and control of hypertension, diabetes, and dyslipidemia. Men had
a higher prevalence of CVD risk factors throughout their middle
age, although women had a remarkable increase in the prevalence
of risk factors after the age of 55 years. Clustering of CVD risk
factors was also more prevalent among men<60 years, although
higher clustering rates were noted among women>60 years. For
example, the clustering rates in the 40–44-year age group were
approximately 7% for men and 2% for women, while these rates
increased to 18.4% for men and 20.2% for women in the 60–64-
year age group (Figure 1). Furthermore, men generally had lower
awareness and control rates for all three risk factors, even with
their higher prevalence rates. These sex-specific differences may be
related to sex-based differences in the onset of CVD, symptom
manifestations, and prognosis.[31] Therefore, risk assessment and
prevention efforts to reduce theburdenofCVDshould incorporate
these sex- and age-specific patterns in relation to frequent and
comprehensive risk factor screening during the menopausal
transition for women and for men in their 40s.
The present study revealed that development of hypertension,

diabetes, and dyslipidemia was associated with older age, central
obesity, and higher BMI. Age exhibited an especially strong
association with the development of all 3 conditions, with 60–64-
year-old adults having an approximately 4-fold higher risk of
developing diabetes than 40–44-year-old adults. The awareness
and control rates also increased with advancing age.
Interestingly, current smoking significantly increased the risk

of hypertension and diabetes, but not dyslipidemia. Previous
reports have also described inconsistent relationships between
dyslipidemia and smoking.[32–34] We identified dyslipidemia
based on hypercholesterolemia, although previous studies have
also described differences in the development of dyslipidemia
according to smoking status amongmen andwomen.[33,35,36] For
example, high concentrations of triglycerides and low-density
lipoprotein cholesterol (LDL-C) were associated with smoking
status among men, while high triglyceride concentrations and
low high-density lipoprotein cholesterol (HDL-C) concentrations
were associated with smoking among women.[33] A previous
report has described a stronger association between smoking and
dyslipidemia among women than among men,[33] although this
may partially be related to the very low smoking rates among
middle-aged women.[37] Therefore, further studies are needed to
better understand the effects of current smoking on dyslipidemia,
especially regarding LDL-C, HDL-C, triglycerides, and total
cholesterol. Moreover, active smokers had a lower likelihood of
being aware of and controlling the 3 CVD risk factors, which
suggests that educational efforts should emphasize smoking-
related effects on cardiovascular health.
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The main strength of this study is that we analyzed the
National Health Insurance Service-National Sample Cohort
database which provided satisfactory representativeness and data
accuracy;[14] however, the present study has important limi-
tations that merit consideration. First, participation in the NHI’s
2013 national health examination was not mandatory and varied
according to socioeconomic status, which can significantly
influence health behaviors. For example, in 2013, the participa-
tion rates were approximately 72% among insured individuals
and 42% among medical aid beneficiaries, raising the possibility
of selection bias. Second, the findings may have limited
generalizability to the Asian population since defining abdominal
obesity using waist circumference cut-off points was specifically
customized to the Korean population.[18] Third, dyslipidemia
was defined based on the levels of total cholesterol concen-
trations. However, LDL-C and HDL-C play important roles in
the development of CVD. Future study is warranted to evaluate
sex and age differences concerning detailed lipid profiles to gain
further insight into guiding CVD management better in Koreans.
In addition, the treatment rate was not included in this study
because of limited information about the treatment status, such as
prescribed medication and adherence to treatment. Fourth,
health screening data were collected from multiple institutions,
andmeasurement techniques may have differed according to each
institution. However, South Korea has a compulsory social
insurance system that covers health screening for all insured
persons and their dependents. The selection of health screening
institutions is undertaken by the Ministry of Health andWelfare.
The selected screening institutions are evaluated every 2 years to
improve the quality of screening methods.
5. Conclusions

This study examined the prevalence, awareness, and control rates
of hypertension, diabetes, and dyslipidemia among a representa-
tive sample of middle-aged Koreans, and showed sex- and age-
specific patterns. For example, hypertension and diabetes were
more prevalent inmen than in women, although the prevalence of
hypercholesterolemia was higher in>50-year-old women. The
development of all 3 CVD risk factors was associated with
increasing age, central obesity, and a BMI of>25kg/m2 (the
regional cut-off for obesity). Most importantly, dyslipidemia was
a prevalent risk factor among middle-aged Korean adults,
although it had the lowest awareness rates. These findings may be
useful to identify subgroups of individuals at high risk of
hypertension, diabetes, and dyslipidemia and in developing
programs aiming to manage the risk of developing CVD.
Author contributions

Conceptualization: Sunjoo Boo, Hyunjin Oh.
Data curation: Young Joo Yoon.
Formal analysis: Sunjoo Boo, Young Joo Yoon.
Funding acquisition: Sunjoo Boo.
Methodology: Sunjoo Boo, Young Joo Yoon, Hyunjin Oh.
Resources: Hyunjin Oh.
Software: Sunjoo Boo.
Validation: Sunjoo Boo, Hyunjin Oh.
Writing – original draft: Sunjoo Boo, Young Joo Yoon, Hyunjin

Oh.
Writing – review & editing: Sunjoo Boo, Young Joo Yoon,

Hyunjin Oh.



[19] World Health Organization. The Asia-Pacific perspective: redefining

Boo et al. Medicine (2018) 97:51 www.md-journal.com
References

[1] Sidney S, Quesenberry CP, Jaffe MG, et al. Recent trends in
cardiovascular mortality in the United States and public health goals.
JAMA Cardiol 2016;1:594–9.

[2] Wijeysundera HC, Machado M, Farahati F, et al. Association of
temporal trends in risk factors and treatment uptake with coronary heart
disease mortality, 1994-2005. JAMA 2010;303:1841–7.

[3] Korean Statistical Information Service. Korean Statistics, 2017.
Available: http://kosis.kr. Accessed August 7, 2018.

[4] Kim J. Trends in ischemic heart disease treatment for the last 5 years.
Policy Trends. 2017; 11:59–67. Available: http://www.hira.or.kr/bbs
Dummy.do?pgmid=HIRAA030096000000&brdScnBltNo=4&brdBltNo=
583. Accessed August 7, 2018.

[5] Ro YS, Do Shin S, Kitamura T, et al. Temporal trends in out-of-hospital
cardiac arrest survival outcomes between two metropolitan communi-
ties: Seoul-Osaka resuscitation study. BMJ Open 2015;5:e007626.

[6] OngME, Do Shin S, De Souza NNA, et al. Outcomes for out-of-hospital
cardiac arrests across 7 countries in Asia: the Pan Asian Resuscitation
Outcomes Study (PAROS). Resuscitation 2015;96:100–8.

[7] Health Insurance Review & Assessment Service. Results of Acute
Myocardial Infarction Care. 2014. Available: http://www.hira.
or.kr/bbsDummy.do?pgmid=HIRAA020041000100&brdScnBltNo=
4&brdBltNo=8628&pageIndex=1. Accessed August 7, 2018.

[8] Yusuf S, Hawken S, Ôunpuu S, et al. Effect of potentially modifiable risk
factors associated with myocardial infarction in 52 countries (the
INTERHEART study): case-control study. Lancet 2004;364:937–52.

[9] Roh E, Ko SH, Kwon HS, et al. Prevalence and management
of dyslipidemia in Korea: Korea National Health and Nutrition
Examination Survey during 1998 to 2010. Diabetes Metab J 2013;
37:433–49.

[10] Cho NH. Diabetes burden and prevention in Korea and the Western
Pacific Region. Diabetes Res Clin Pract 2014;106:S282–7.

[11] Lim ES, Ko YK, Ban KO. Prevalence and risk factors of metabolic
syndrome in the Korean population–Korean National Health Insurance
Corporation Survey 2008. J Adv Nurs 2013;69:1549–61.

[12] Hwang WJ, Hong O, Kim MJ. Factors associated with blue-collar
workers’ risk perception of cardiovascular disease. J Korean Acad Nurs
2012;42:1095–104.

[13] Mosca L, Benjamin EJ, Berra K, et al. Effectiveness-based guidelines for
the prevention of cardiovascular disease in women—2011 update: a
guideline from the American Heart Association. J Am Coll Cardiol
2011;57:1404–23.

[14] Lee J, Lee JS, Park SH, et al. Cohort profile: the national health insurance
service–national sample cohort (NHIS-NSC), South Korea. Int J
Epidemiol 2016;46:e15.

[15] Chobanian AV, Bakris GL, Black HR, et al. The seventh report of the
joint national committee on prevention, detection, evaluation, and
treatment of high blood pressure: the JNC 7 report. JAMA 2003;
289:2560–71.

[16] The SPRINT Research GroupA randomized trial of intensive versus
standard blood-pressure control. N Eng J Med 2015;373:2103–16.

[17] Korean Medical Guideline Information Center. Evidence-based recom-
mendations for hypertension in primary care. 2018. Available: http://
www.guideline.or.kr/chronic/view.php?number=88. Accessed August 7,
2018.

[18] American Diabetes AssociationDiagnosis and classification of diabetes
mellitus. Diabetes Care 2014;37:S81–90.
7

obesity and its treatment. 2000. Available: http://www.iotf.org/asiapa
cific/. Accessed August 7, 2018.

[20] Lee SY, Park HS, Kim DJ, et al. Appropriate waist circumference cutoff
points for central obesity in Korean adults. Diabetes Res Clin Pract
2007;75:72–80.

[21] Jee SH, Appel LJ, Suh I, et al. Prevalence of cardiovascular risk factors in
South Korean adults: results from the Korea Medical Insurance
Corporation (KMIC) Study. Ann Epidemiol 1998;8:14–21.

[22] Lee SW, Kim HC, Lee HS, et al. Thirty-year trends in mortality from
cardiovascular diseases in Korea. Korean Circ J 2015;45:202–9.

[23] Suh I. Cardiovascular mortality in Korea: a country experiencing
epidemiologic transition. Acta Cardiol 2001;56:75–81.

[24] Ministry of Health and Welfare & National Hypertension League.
Report on the works of the 2001 National Hypertension League. Seoul.
2002.

[25] Hoerger TJ, Segel JE, Gregg EW, et al. Is glycemic control improving in
US adults? Diabetes Care 2008;31:81–6.

[26] Ministry of Health & Welfare, Korea Centers for Disease Control &
Prevention. National Health Statistics 2016. Available: http://www.cdc.
go.kr/CDC/contents/CdcKrContentView.jsp?cid=60949&menuIds=
HOME001-MNU1130-MNU1639-MNU1749-MNU1761. Accessed
August 7, 2018.

[27] Alkerwi Aa, Pagny S, Lair ML, et al. Level of unawareness and
management of diabetes, hypertension, and dyslipidemia among adults
in Luxembourg: findings fromORISCAV-LUX study. PLoS One 2013;8:
e57920.

[28] He H, Yu YQ, Li Y, et al. Dyslipidemia awareness, treatment, control
and influence factors among adults in the Jilin province in China: a cross-
sectional study. Lipids Health Dis 2014;13:122.

[29] Lee MH, Kim HC, Ahn SV, et al. Prevalence of dyslipidemia among
Korean adults: Korea national health and nutrition survey 1998-2005.
Diabetes Metab J 2012;36:43–55.

[30] Kim HS, Shin DW, Lee WC, et al. National screening program for
transitional ages in Korea: a new screening for strengthening primary
prevention and follow-up care. J Korean Med Sci 2012;27:S70–5.

[31] Lee KH, Jeong MH, Ahn YK, et al. Gender differences of success rate of
percutaneous coronary intervention and short term cardiac events in
Korea Acute Myocardial Infarction Registry. Int J Cardiol 2008;130:
227–34.

[32] Yan-Ling Z, Dong-Qing Z, Chang-Quan H, et al. Cigarette smoking and
its association with serum lipid/lipoprotein among Chinese nonagenar-
ians/centenarians. Lipids Health Dis 2012;11:94.

[33] Lee MH, Ahn SV, Hur NW, et al. Gender differences in the association
between smoking and dyslipidemia: 2005 Korean National Health and
Nutrition Examination Survey. Clin Chim Acta 2011;412:1600–5.

[34] CraigWY, Palomaki GE,Haddow JE. Cigarette smoking and serum lipid
and lipoprotein concentrations: an analysis of published data. BMJ
1989;298:784–8.

[35] Criqui MH, Wallace RB, Heiss G, et al. Cigarette smoking and plasma
high-density lipoprotein cholesterol. The lipid research clinics program
prevalence study. Circulation 1980;62:IV70–76.

[36] Shearman AM, Demissie S, Cupples LA, et al. Tobacco smoking,
estrogen receptor (gene variation and small low density lipoprotein level.
Hum Mol Genet 2005;14:2405–13.

[37] Boo S, Froelicher ES. Cardiovascular risk factors and 10-year risk for
coronary heart disease in Korean women. Asian Nurs Res (Korean Soc
Nurs Sci ) 2012;6:1–8.

http://kosis.kr/
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030096000000&x0026;brdScnBltNo=4&x0026;brdBltNo=583
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030096000000&x0026;brdScnBltNo=4&x0026;brdBltNo=583
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA030096000000&x0026;brdScnBltNo=4&x0026;brdBltNo=583
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020041000100&x0026;brdScnBltNo=4&x0026;brdBltNo=8628&x0026;pageIndex=1
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020041000100&x0026;brdScnBltNo=4&x0026;brdBltNo=8628&x0026;pageIndex=1
http://www.hira.or.kr/bbsDummy.do?pgmid=HIRAA020041000100&x0026;brdScnBltNo=4&x0026;brdBltNo=8628&x0026;pageIndex=1
http://www.guideline.or.kr/chronic/view.php?number=88
http://www.guideline.or.kr/chronic/view.php?number=88
http://www.iotf.org/asiapacific/
http://www.iotf.org/asiapacific/
http://www.cdc.go.kr/CDC/contents/CdcKrContentView.jsp?cid=60949&x0026;menuIds=HOME001-MNU1130-MNU1639-MNU1749-MNU1761
http://www.cdc.go.kr/CDC/contents/CdcKrContentView.jsp?cid=60949&x0026;menuIds=HOME001-MNU1130-MNU1639-MNU1749-MNU1761
http://www.cdc.go.kr/CDC/contents/CdcKrContentView.jsp?cid=60949&x0026;menuIds=HOME001-MNU1130-MNU1639-MNU1749-MNU1761
http://www.md-journal.com

	Evaluating the prevalence, awareness, and control of hypertension, diabetes, and dyslipidemia in Korea using the NHIS-NSC database
	Outline placeholder
	1 Introduction
	2 Methods
	2.3 Data analysis

	3 Results
	3.3 Factors that predicted the prevalence, awareness, and control rates of hypertension, diabetes, and dyslipidemia

	4 Discussion
	Author contributions

	References


