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Objectives: We examined the trends in prevalence, awareness, treatment, and control of hypertension in Korea as a basis for improving hypertension control programs.
Methods: 12 598 participants of the Korean National Health and Nutrition Examination Survey were included in this study. Weighted
linear regression to test time trends from 2007 to 2011 was performed.
Results: The prevalence of hypertension was 20.7% in 2007, 29.4% in 2009, and 26.2% in 2011. Awareness of hypertension was 64.8%
in 2007 and 61.1% in 2011. Awareness in those aged 65 and over was greater than in younger groups (age 19 to 44 and 45 to 64;
p<0.001). The treatment rates were 58.4% in 2007 and 56.8% in 2011. The treatment rate was greater for those 65 and over than for
younger age groups (p<0.001). The percentage of controlled hypertension was 37.6% in 2011. The percentage of controlled hypertension in those 65 and over was higher than in younger age groups (p<0.001). The treatment-control rates were 65.9% in 2007 and
67.7% in 2011. The prevalence of hypertension was higher in the males (p<0.001), while the awareness (p<0.001), treatment (p<0.001),
and control (p<0.001) rates were higher in the females.
Conclusions: The prevalence of hypertension was increasing and the hypertension awareness, treatment, and control rates were low
in younger age groups and males.
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INTRODUCTION
The prevalence of cardiovascular disease (CVD) has been
continuously increasing due to population aging, and changes
in consumption and lifestyle patterns [1]. This global trend is
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also apparent in the Republic of Korea, reflected in the increasing mortality and personal cost to treat and manage CVD [2].
As the prevalence of chronic conditions is increasing, the risk
of mortality due to chronic conditions, especially hypertension,
and associated complications are rising in numbers along with
them [3-5]. Cerebrovascular disease caused 50.7 deaths per
100 000 members of the population in 2011, followed by 49.8
deaths by CVD and 21.5 deaths caused by diabetes [6].
Furthermore, the leading global risks for mortality are high
blood pressure (BP, responsible for 13% of deaths globally), tobacco use (9%), high blood glucose (6%), physical inactivity
(6%), and overweight and obesity (5%) [7]. In 2011, the Political Declaration on Noncommunicable Diseases was adopted
by the UN General Assembly [8]. The declaration focused on
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the risk factors and national systems response to 4 noncommunicable diseases (NCDs): CVD, diabetes, cancer, and chronic
respiratory disease. The UN target is 25% reduction in relative
mortality from NCDs by 2025 [9]. To control those burdens,
strict control of BP is required. According to the Joint National
Committee 7 guideline, for every 20 mmHg increase in systolic
or 10 mmHg in diastolic BP, there is a doubling of mortality
from both ischemic heart disease and stroke [10]. Other studies on the elderly have also noted that improving control of
hypertension is important to reduce the risk for CVDs [11,12].
Thus many programs to control hypertension, such as screening and education to reduce its complications, have been implemented [13-15].
Our study examined changes in the prevalence, awareness,
treatment, and control of hypertension for all adults combined
and for subsets by age and sex across Korean National Health
and Nutrition Examination Survey (KNHANES) 2007to 2011 data
with the aim of gathering information for improving hypertension control programs.

METHODS
Data from the 2007 to 2011 KNHANES, conducted by the
Korea Centers for Disease Control and Prevention (KCDC), was
used in this study. The KNHANES participants were selected
using stratified, multistage probability sampling of the non-institutionalized population. All adults provided written informed
consent. In data analysis method and presenting results, ‘US
trends in prevalence, awareness, treatment, and control of hypertension, 1988-2008’ [16] were used.

tients with hypertension responding affirmatively to the question, “Have you ever been diagnosed with hypertension by a
doctor?” Treatment of hypertension was established by participants responding yes to the question, “Are you currently using
antihypertensive drugs?” Control of hypertension was defined
as BP under 120/80 mmHg with or without treatment. Treatment-control of hypertension was defined as BP under 120/80
mmHg with treatment. For calculating awareness, treatment,
and control, the participants were stratified into the following
age groups: 19 to 44 years, 45 to 64 years, and 65 years and
above.

Data Analysis
The KNHANES Analytic and Reporting Guidelines were followed. SAS version 9.3 (SAS Inc., Cary, NC, USA) was used to
account for the KNHANES complex sampling design, to estimate mean values and percentages, and to calculate 95% confidence intervals (CIs). To calculate prevalence, survey commands
were used and for calculating awareness, treatment, and control, additional weights were calculated because hypertension
prevalence varies by age group. Weighted linear regression to
test time trends from 2007 to 2011 was performed using estimated mean values or percentages as dependent variables.
Reciprocals of variances were used as weights. Time was an independent and continuous variable in the regression models
for all of the patients with hypertension combined and each
subgroup. Statistical significance was defined by p<0.05. Data
are presented as means and 95% CIs.

RESULTS

Definitions

All Adults

In the KNHANES 2007 to 2011, BP was measured by physicians trained in the method using a mercury sphygmomanometer (Baumanometer; WA Baum Co., New York, NY, USA)
and appropriately sized arm cuffs after the study participants
rested 5 minutes seated. Individuals without a recorded BP
were excluded. In determining the mean BP for individuals,
the first BP was used if only 1 measurement was obtained. The
second BP was used if 2 readings were taken; the second and
third values were averaged when available. Hypertension was
defined as a mean systolic BP of at least 140 mmHg, mean diastolic BP of at least 90 mmHg, or both, and/or confirming that
a participant was currently taking prescription medication to
lower BP. Awareness of hypertension was determined by pa-

The mean age increased over time between 2007 and 2011
(p for trend=0.008) (Table 1). The mean systolic BP (p<0.001)
and mean diastolic BP (p=0.005) both increased over time.
The proportion of stage 1 and 2 hypertension (stage 1: systolic/diastolic BP, 140-159/90-99 mmHg; stage 2: systolic/diastolic BP, over 160/over 100 mmHg) increased from 9.9% (95%
CI, 8.3% to 11.5%) to 12.5% (95% CI, 11.3 to 13.6) from 2007 to
2011 (p for trend<0.001) and 3.1% (95% CI, 2.2 to 3.9) to 3.9%
(95% CI, 3.3 to 4.5) from 2007 to 2011 (p for trend=0.002) (Table 1). The mean body mass index (BMI, kg/m2) increased from
2007 to 2011 (p for trend <0.001). The proportions of normal
body weight (18.5≤ BMI <25.0, p=0.88) and obesity (BMI ≥
25.0, p=0.94) did not change. The prevalence of hypertension
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Table 1. Characteristics of all adult participants in the Korean National Health and Nutrition Examination Survey 2007 to 20111
Characteristics
Mean age (y)

2007 (n=3020)

2008 (n=6772)

2009 (n=7504)

2010 (n=6303)

2011 (n=6150)

p for trend2

44.1 (43.1, 45.2)

44.4 (43.6, 45.2)

44.8 (44.0, 45.6)

45.1 (44.2, 46.1)

45.7 (44.8, 46.6)

0.008

Men

49.5 (47.9, 51.1)

49.5 (48.3, 50.6)

49.5 (48.5, 50.6)

49.1 (47.9, 50.3)

49.5 (48.2, 50.8)

0.98

Women

50.5 (48.9, 52.1)

50.5 (49.4, 51.7)

50.5 (49.4, 51.5)

50.9 (49.7, 52.1)

50.5 (49.2, 51.8)

Systolic

115.6 (114.3, 116.9)

114.3 (113.5, 115.1)

119.0 (118.3, 119.7)

119.6 (118.8, 120.4)

117.6 (116.9, 118.4)

Diastolic

76.0 (75.3, 76.7)

74.8 (74.3, 75.4)

78.3 (77.8, 78.8)

77.2 (76.7, 77.8)

76.1 (75.7, 76.5)

Sex (%)

Mean BP (mmHg)
<0.001
0.005

BP (mmHg, %)
≥160/≥100
140-159/90-99

3.1 (2.2, 3.9)

2.6 (2.1, 3.1)

5.3 (4.5, 6.0)

4.6 (3.9, 5.3)

3.9 (3.3, 4.5)

9.9 (8.3, 11.5)

10.8 (9.8, 11.7)

16.6 (15.4, 17.8)

16.2 (14.9, 17.6)

12.5 (11.3, 13.6)

120-139/80-89

32.7 (30.2, 35.2)

28.4 (27.0, 29.9)

33.5 (32.1, 34.9)

32.6 (30.9, 34.3)

33.2 (31.6, 34.8)

<0.001
0.10

54.4 (51.1, 57.7)

58.2 (56.1, 60.3)

44.6 (42.7, 46.5)

46.6 (44.2, 48.9)

50.5 (48.5, 52.5)

<0.001

23.6 (23.5, 23.8)

23.6 (23.4, 23.7)

23.6 (23.5, 23.7)

23.6 (23.5, 23.7)

23.7 (23.5, 23.8)

<0.001

<120/<80
Mean BMI

0.002

BMI (%)
<18.5
18.5-24.9
≥30.0
Diabetes (%)

4.6 (3.6, 5.7)

5.0 (4.3, 5.7)

4.8 (4.2, 5.4)

4.8 (4.2, 5.5)

5.0 (4.3, 5.8)

0.66

63.3 (61.1, 65.4)

63.9 (62.4, 65.4)

63.3 (61.9, 64.7)

63.9 (62.4, 65.4)

63.1 (61.5, 64.6)

0.88

32.1 (29.9, 34.3)

31.1 (29.6, 32.6)

31.9 (30.6, 33.3)

31.3 (29.8, 32.8)

31.9 (30.3, 33.5)

0.94

5.9 (4.8, 7.0)

6.1 (5.5, 6.8)

6.1 (5.4, 6.7)

6.3 (5.6, 7.0)

6.6 (5.8, 7.4)

0.25

Values are presented as mean or % (95% confidence interval) by year.
BP, blood pressure; BMI, body mass index.
1
Data are weighted based on a Korean population.
2
Weighted linear regression was used for calculating p for trends.

Table 2. Characteristics of adult participants with hypertension in the Korean National Health and Nutrition Examination Survey
2007 to 20111
Characteristics

2007 (n=764)

2008 (n=1837)

2009 (n=2486)

2010 (n=2138)

2011 (n=1967)

p for trend2

57.7 (56.2, 59.3)

56.5 (55.6, 57.5)

55.4 (54.3, 56.5)

56.3 (55.2, 57.4)

57.2 (56.1, 58.3)

0.69

Men

51.3 (46.4, 56.2)

52.4 (50.1, 54.7)

57.8 (55.6, 59.9)

55.9 (53.4, 58.5)

55.8 (53.3, 58.2)

0.01

Women

48.7 (43.8, 53.6)

47.6 (45.3, 49.9)

42.2 (40.1, 44.4)

44.1 (41.5, 46.6)

44.2 (41.8, 46.7)

Systolic

136.8 (135, 138.6)

133.1 (131.8, 134.3)

136.6 (135.7, 137.6)

137.5 (136.6, 138.5)

135.3 (134.2, 136.3)

0.42

Diastolic

86.0 (84.8, 87.1)

85.0 (84.2, 85.8)

88.2 (87.5, 88.9)

86.6 (85.9, 87.3)

84.1 (83.3, 84.8)

0.05

≥160/≥100
140-159/90-99

14.9 (11.5, 18.2)

11.5 (9.4, 13.7)

18.0 (15.8, 20.2)

15.7 (13.5, 17.8)

14.8 (12.6, 17.1)

0.37

47.5 (43, 52.1)

47.4 (44.6, 50.1)

56.5 (53.9, 59)

55.4 (52.4, 58.4)

47.6 (44.5, 50.7)

0.24

120-139/80-89

28.9 (24.4, 33.5)

26.4 (24, 28.7)

19.7 (17.7, 21.7)

22.5 (20.1, 24.8)

26.3 (23.9, 28.7)

0.14

Mean age (y)
Sex (%)

Mean BP (mmHg)

BP (mmHg, %)

<120/<80
Mean BMI

8.6 (6.2, 11.1)

14.7 (12.2, 17.3)

5.9 (4.6, 7.1)

6.4 (5.3, 7.6)

11.2 (9.5, 12.9)

0.35

25.3 (25.1, 25.6)

25.0 (24.8, 25.2)

25.0 (24.8, 25.2)

25.0 (24.8, 25.2)

24.9 (24.7, 25.1)

0.02

1.0 (0.5, 1.6)

2.3 (1.6, 3.1)

1.8 (1.1, 2.4)

1.5 (0.9, 2.2)

2.4 (1.5, 3.2)

0.14

45.8 (42, 49.6)

48.7 (45.8, 51.5)

50.7 (48.2, 53.3)

51.4 (48.5, 54.3)

50.2 (47.5, 52.9)

0.03

53.2 (49.3, 57.1)

49.0 (46.1, 51.8)

47.5 (45.0, 50.0)

47.0 (44.0, 50.0)

47.4 (44.7, 50.2)

0.01

14.6 (11.7, 17.5)

15.0 (13.1, 16.8)

13.0 (11.5, 14.5)

12.6 (11.1, 14)

15.6 (13.7, 17.6)

0.97

BMI (%)
<18.5
18.5-24.9
≥30.0
Diabetes (%)

Values are presented as mean or % (95% confidence interval) by year.
BP, blood pressure; BMI, body mass index.
1
Data are weighted based on a Korean population.
2
Weighted linear regression was used for calculating p for trends.
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Table 3. Prevalence, awareness, treatment, and control of hypertension in the Korean National Health and Nutrition Examination
Survey 2007 to 2011
2007

2008

2

Prevalence %

20.7 (18.5, 23.0)

22.7 (21.3, 24.1)

Awareness %3

64.8 (59.8, 69.8)

65 (62.1, 67.8)

Treatment %3

58.4 (53.1, 63.6)

Treatment-control %3

65.9 (58.6, 73.3)

Control %3

37.6 (32.4, 42.8)

2009

2010

2011

p for trend1

29.4 (27.7, 31)

29.3 (27.5, 31.1)

26.2 (24.6, 27.7)

52.4 (49.4, 55.4)

56.6 (53.1, 60.2)

61.1 (58.2, 64.0)

<0.001
0.02

58.8 (55.7, 61.9)

47.4 (44.2, 50.5)

52.2 (48.9, 55.6)

56.8 (53.9, 59.8)

0.20

70.1 (66.5, 73.8)

54.0 (50.3, 57.7)

56.2 (52.5, 59.9)

67.7 (64.2, 71.2)

0.28

41.1 (37.8, 44.4)

25.5 (22.8, 28.2)

28.9 (26.3, 31.5)

37.6 (34.7, 40.4)

0.08

Values are presented as mean or % (95% confidence interval) by years.
1
Weighted linear regression was used for calculating p for trends.
2
Data are weighted based on a Korean population.
3
Additional weights are calculated because the prevalence of hypertension is different by years.

increased from 20.7% (95% CI, 18.5% to 23.0%) in 2007 to
26.2% (95% CI, 24.6% to 27.7%) in 2011 (p<0.001) (Table 2).

All Patients With Hypertension
Among the participants with hypertension, the mean age
(p=0.69) did not change (Table 3). The proportion of men increased from 51.3% (95% CI, 46.4% to 56.2%) in 2007 to 55.8%
(95% CI, 53.3% to 58.2%) in 2011 (p=0.01). The mean systolic
BP did not change (p=0.42), but the mean diastolic pressure
decreased from 86 mmHg (95% CI, 84.8 to 87.1 mmHg) to 84.1
mmHg (95% CI, 83.3 to 84.8 mmHg) from 2007 to 2011 (p=
0.05). The proportion of stage I (p=0.24) and stage II (p=0.37)
hypertension, prehypertension (p=0.14), and normal BP (p=
0.35) did not change over the 5 years. The mean BMI decreased
from 25.3 (95% CI, 25.1 to 25.6) to 24.9 (95% CI, 24.7 to 25.1)
from 2007 to 2011 (p=0.02). The proportion of participants
with normal body weight increased (p=0.03), while the proportion of obese participants decreased (p=0.01).
The prevalence of hypertension increased from 20.7% (95%
CI, 18.5% to 23.0%) to 26.2% (95% CI, 24.6% to 27.7%) from
2007 to 2011 (p<0.001) (Table 2). The proportion of participants
who were diagnosed with hypertension by a doctor (awareness
rate) decreased over the 5 years (p=0.02). The proportion of
patients who were treated for hypertension (treatment rate)
initially decreased from 58.4% (2007) to 47.4% (2009). However, it then increased to 56.8% in 2011, but the trend remained
unchanged over the entire 5 years (p=0.20). The proportions
of patients being treated or whose BP was already normal
(treatment-control rate) were 65.9% (2007), 70.1% (2008),
54.0% (2009), 56.2% (2010), and 67.7% (2011), but the trend
was unchanged (p=0.08). The proportions of all of the patients
(treated or not) whose BP was normal (control rate) were 37.6%
(2007), 41.1% (2008), 25.5% (2009), 28.9% (2010), and 37.6%
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(2011), but the trend was unchanged (p=0.28).

Epidemiology of Hypertension by Age Group
The prevalence of hypertension increased during 2007 to
2011 in individuals aged 19 to 44 years (p<0.001), 45 to 64
years (p=0.002), and 65 years and over (p<0.01) (Figure 1A).
However, while the awareness rate increased in those aged 65
years and over (p<0.01), it decreased in those aged 19 to 44
years (p<0.01) and 45 to 64 years (p<0.01) over the course of
the 5 years (Figure 1B). The treatment rate of hypertension increased in those 65 years and over (p<0.01), but it decreased
in those aged 19 to 44 years (p<0.01), and was unchanged in
those aged 45 to 64 during the 5 years (Figure 1C). The treatment-control rate did not change over time in any of the age
groups. In addition, there were no differences between those
65 years and above and those 19 to 44 years (p=0.07) and 45
to 64 years (p=0.07) (Figure 1D). The control rate decreased in
those aged 19 to 44 (p<0.01) and 45 to 64 (p=0.03), but it did
not change in those aged 65 years and above during the 5
years (p=0.15) (Figure 1E).

Epidemiology of Hypertension by Sex
The prevalence of hypertension increased from 2007 to 2011
in both the males (p<0.01) and the females (p<0.01) (Table 4).
Furthermore, the prevalence was higher in the males (p<0.01).
The awareness rate decreased with time in the men (p<0.01)
but not the women (p=0.58) and was greater in the women
than the men (p<0.01). The treatment rate did not change in the
women (p=0.91) or men (p=0.22) and was higher in the women
than the men (p<0.01). The treatment-control rate did not
change in the women (p=0.10) or men (p=0.98). The control
rate in the women (p=0.91) and men (p=0.22) did not change
over time, and there was no difference between the two groups.
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DISCUSSION
In the representative sample of Korean adults who participated in the KNHANES in 2007 to 2011, the mean BMI and diastolic BP increased over time. However, in the hypertensive patients, the BMI and diastolic BP decreased, but the prevalence
of hypertension was 20.7% in 2007, 29.4% in 2009, and 26.2%
in 2011. In a similar study in the US, the prevalence of hypertension was 29.5% in 2009 to 2010 [17]. In another study in

45-64 y

Figure 1. Characteristics of hypertension by age groups.
Data are presented as means with 95% confidence intervals. (A) Prevalence of hypertension by age group, (B)
awareness rates of hypertension patients by age group,
(C) treatment rates of hypertension patients by age
group, (D) control rates of hypertension patients with
treatment by age group, and (E) control rates of hypertension patients by age group.

Korea in 2004, the prevalence of hypertension was 28.3% [18],
and in yet another study in a rural area of Korea in 2000, the
prevalences of hypertension in males and females were 18.1%
and 15.5%, respectively [19]. Therefore, it is not safe to conclude
that the prevalence of hypertension changed as rapidly in one
year as the present study found, but it does seem that there is
a trend of increasing prevalence of hypertension. The prevalence of hypertension increased in all age groups. However,
the awareness and control rate decreased all age groups ex-
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Table 4. Prevalence, awareness, treatment, and control of hypertension by sex in the Korean National Health and Nutrition Examination Survey 2007 to 2011
Sex
Prevalence %

2

Awareness %3
Treatment %3
Treatment-control %3
Control %

3

2007

2008

2009

2010

2011

p for trend1

Male

21.5 (18.3, 24.7)

24.0 (22.2, 25.8)

34.2 (32.1, 36.3)

33.4 (30.9, 35.9)

29.5 (27.4, 31.6)

Female

20.0 (17.3, 22.7)

21.4 (19.8, 23.0)

24.6 (22.6, 26.6)

25.4 (23.3, 27.4)

22.9 (21.1, 24.8)

<0.001
0.006

Male

55.6 (48.4, 62.8)

56.1 (52.2, 60.1)

43.9 (40.3, 47.5)

45.3 (40.9, 49.6)

50.8 (46.8, 54.9)

0.02

Female

74.4 (69.4, 79.5)

74.6 (71.1, 78.2)

64.1 (60.5, 67.7)

71.1 (67.4, 74.7)

73.8 (70.1, 77.6)

0.58

Male

48.7 (41.4, 56.0)

47.6 (43.4, 51.9)

37.8 (34.3, 41.4)

40.1 (36.1, 44.1)

46.1 (42.1, 50.2)

0.22

Female

68.5 (62.7, 74.2)

71 (67.3, 74.6)

60.4 (56.5, 64.2)

67.6 (63.9, 71.4)

70.1 (66.3, 74.0)

0.91

Male

62.0 (52.0, 72.0)

68.2 (62.1, 74.3)

53.0 (47.5, 58.5)

59.3 (54.0, 64.6)

65.6 (60.3, 70.9)

0.98

Female

68.8 (60.6, 77.0)

71.6 (67.9, 75.3)

54.9 (50.9, 58.8)

53.8 (49.2, 58.5)

69.4 (65.4, 73.5)

0.10

Male

29.5 (23.1, 35.8)

32.3 (28.0, 36.6)

20.0 (17.1, 22.9)

23.4 (20.3, 26.5)

29.4 (25.8, 32.9)

0.33

Female

46.2 (39.9, 52.4)

50.8 (46.7, 54.8)

33.1 (29.8, 36.3)

35.9 (32.1, 39.6)

47.9 (44.0, 51.8)

0.17

Values are presented as mean or % (95% confidence interval) by year.
1
Weighted linear regression was used for calculating p for trends.
2
Data are weighted based on a Korean population.
3
Additional weights are calculated because the prevalence of hypertension is different by years.

cept those aged 65 and over. The treatment rate decreased in
the 19 to 44 age group. The prevalence of hypertension in the
younger age group increased but the awareness, treatment,
and control rates were lower than in the older age groups. Therefore, policies targeting younger people, such as education in
schools and workplaces, are needed. One systematic review
has addressed which educational and organizational interventions are effective in reaching BP goals and reducing mortality
[20].
The treatment-control rate was 54% to 70.1% and it did not
change over time. This shows that over 30% of the hypertension patients were not controlled even if they were using antihypertensive drugs. The first explanation could be that resistant hypertension, in which the BP remains above the goal in
spite of the concurrent use of 3 antihypertensive agents of different classes, is highly prevalent in older age [21]. Second,
compliance with treatment might be low even if the participants answered that they were taking antihypertensive medicine. Third, physicians differ in the goals they set for controlling
hypertension.
The limitations of our study are as follows: first, a short period during which to examine the trends of hypertension. The
KNHANES has been conducted since 1998. However, the survey questions and physical examination methods were different at first. The circulating survey has been used only since
2007. Because we wanted to examine the trends of hypertension, consistency of data was important. Therefore, data before 2007 were not used in our analysis. Second, people who
were under age 19 and in hospitals and nursing homes were
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omitted. Third, the misclassification of participants could have
occurred during the survey.
In conclusion, this was the first study using KNHANES data
to examine trends in hypertension awareness, treatment, and
control rates by age group and sex. The prevalence of hypertension was found to be increasing and the hypertension
awareness, treatment, and control rates were low in the younger age group and male group. Therefore, efforts to detect people with high BP and policies focusing on the hypertension of
younger age groups is needed to prevent the complications of
hypertension.
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