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Introduction

Hypertension is an important risk factor for cardiovascular 
disease worldwide.1)2) Blood pressure (BP) lowering has been 
shown to be effective in reducing the risk of major cardiovascular 
events.2)3) The diagnosis of hypertension is traditionally made 
by conventional BP measurement (CBPM). The often-reported 
prevalence of hypertension in population surveys is based on 
multiple measurements of conventional BP using a mercury or 
automated sphygmomanometer.4)5) 

Ambulatory BP monitoring (ABPM) has been shown to provide 
a stronger and better prediction of cardiovascular events than 
CBPM.6)7) ABPM has several advantages over CBPM, including 
the potential revelation of the subtype of hypertension (white-
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coat or masked hypertension),8) and enhanced cost-effectiveness 
compared to the CBPM.9) Patients with masked hypertension 
have shown higher incidence of cardiovascular events compared 
to normotensive individuals.10) Despite the increased use of ABPM 
in clinical practice and cohort studies, a population-based survey 
using ABPM to estimate the prevalence of hypertension and 
hypertension subtypes among Asian population has been rarely 
performed.11)12) Although the Ohasama11) and JingNing12) studies  
were performed on Asian populations, the study populations were 
selected from small towns within rural areas, and thus, they are not 
representative of a large, urban city. 

We estimated the prevalence of hypertension and hypertension 
subtypes in a large semi-urban city in Korea, using 24-hour ABPM 
in a randomly selected sample based on the statistical weighting 
method.

Subjects and Methods

The original study was planned to estimate the sodium intake 
of the adult population of about 600000 in Goyang, a large semi-
urban city and one of the largest cities in Korea. A random sample 
of adults in the city was selected by list-assisted random digit 
dialing (LARDD).13) The study design has been described in detail, 
elsewhere.14) In brief, a random sample of both listed and unlisted 
telephone households was selected by LARDD and adults aged 
between 20 and 65 years within the selected households were 
selected by a telephone interview. Of the 20000 sample telephone 
numbers, 10576 were working telephone numbers, and 1623 (8.1%) 
households were contacted and they were determined to be adult 
households. Of these households, 875 (4.4%) households agreed 
to take part in the study, and 496 (2.5%) participants visited the 
clinical trial center and participated in the planned study. The 
study protocol was reviewed and approved by Institutional Review 
Board of Dongguk University Ilsan Hospital. Every participant gave 
written informed consent. 

Participants visited the clinical trial center before 08:30 AM to 
receive instructions on the detailed study procedure and to provide 
their informed consent. Conventional BP in both arms in a sitting 
position was measured using a validated semiautomatic device 
(Watch BP Office, Microlife AG, Widnau, Switzerland) by a trained 
nurse. Conventional BP was measured three times at 1 min intervals 
after 5 min rest, and three systolic and diastolic BP values in each 
arm were averaged. Ambulatory BP was measured for 24 hour at a 
30 min interval (Mobil-O-Graph, I.E.M. GmbH, Stolberg, Germany).15) 
For obtaining more than 70% of the expected measurements, 14 
measurements during the day and 7 measurements at night were 

determined as a valid measurement.8) Fasting blood glucose, total 
cholesterol, triglyceride, high-density lipoprotein cholesterol, low 
density lipoprotein cholesterol, serum sodium and potassium levels 
were measured in sampled blood after at least 8 hours of overnight 
fasting. 

Hypertension was defined according to the European Society 
of Hypertension/European Society of Cardiology guidelines 
for the management of arterial hypertension.16) Hypertension 
by conventional BP measurement was defined as recording 
of a systolic BP (SBP) ≥140 mmHg or a diastolic BP (DBP) ≥90 
mmHg in one of the arms, or the current use of antihypertensive 
medication in patients with a previous diagnosis of hypertension. 
Hypertension by ABPM was defined as a 24-hour average SBP 

≥130 mmHg or a 24-hour average DBP ≥80 mmHg, or the current 
use of antihypertensive medications. White-coat hypertension 
was defined as a conventional BP ≥140 and/or 90 mmHg and 24-
hour ambulatory BP <130 and 80 mmHg in untreated individuals. 
Conversely, masked hypertension was defined as conventional BP 

<140 and 90 mmHg and 24-hour ABP ≥130 and/or 80 mmHg in 
untreated individuals. Masked, uncontrolled hypertension was 
defined as CBP <140 and 90 mmHg and 24-hour ABP ≥130 and/or 
80 mmHg in treated individuals.

We compared the prevalence of hypertension in Goyang to 
that in Seoul (the largest city in Korea with a population of 
approximately 10 million), which was estimated in individuals aged 
20 to 65 years through the Korea National Health and Nutrition 
Examination Survey (KNHNES) in 2011.

Statistical analyses were performed using the Statistical Analysis 
System (SAS) software package version 9.3 (SAS Institute, Cary, 
NC, USA). To estimate the population characteristics of interest, 
statistical weights were used to correct for imperfections in the 
sample that may lead to bias due to the selection of respondents 
with unequal probabilities, non-coverage of the target population, 
and non-response. To obtain the statistical weight, in the number 
of adults represented by each respondent in Goyang, we used the 
following different types of adjustments: random digit dialing initial 
weight, removal of non-residential phone numbers, household 
non-response adjustment, creation of person-level weight, person 
non-response adjustment, and post-stratification weighting based 
on the population size by age, sex, and region.

Results

Estimated prevalence of hypertension by ambulatory blood 
pressure monitoring

Among the 496 participants, 462 (93.1%) were included in 
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the analysis after exclusion of 34 participants (withdrawal of 
informed consent of 8 participants, and samples of the 24-hour 
ABPM were inadequate in 26 participants). The characteristics 
of the study population are summarized in Tables 1 and 2. The 
mean age was 46.7±9.4 years (range: 20-65 years). The prevalence 
of hypertension in the study population was 23.38% by CBPM 
and 39.83% by 24-hour ABPM (Table 3). The estimated prevalence 
of hypertension in Goyang was 17.54% by CBPM and 32.70% by  
24-hour ABPM (mean difference=15.16 %, 95% confidence interval 
[CI] 9.65 to 20.67, p<0.01). The estimated prevalence of hypertension 
in Seoul by CBPM was 21.24%, which was comparable to that in 
Goyang as recorded by CBPM (p=0.2338, 95% CI -4.96 to 4.34). 
Age stratified analysis revealed that both CBPM and 24-hour ABPM 
showed increased prevalence of hypertension with age (Fig. 1). The 
prevalence of hypertension estimated by 24-hour ABPM in age 
groups of 30s, 40s and 50s was higher compared to that estimated 
by CBPM (95% CI 6.78 to 28.22, 8.94 to 26.82, and 12.18 to 35.78, 
respectively). On the other hand, there was no difference between 

the prevalence of hypertension estimated by CBPM and 24-hour 
ABPM in the age group of 20s (95% CI -8.79 to 8.79) and 60s (95% 
CI -10.48 to 30.98). The estimated prevalence of hypertension 
by CBPM according to age categories was comparable between 
Goyang and Seoul.

Estimated prevalence of masked and white-coat hypertension
The prevalence of masked hypertension in the study population, 

when the diagnosis of hypertension was determined by 24-hour 
average BP, daytime BP and nighttime BP, was 17.97% (n=83),  
13.85 % (n=64) and 26.41% (n=122), respectively.

The estimated prevalence of masked hypertension by 24-hour 
ABPM was 16.22% and that of white-coat hypertension was 
1.08% (Table 4). Men had a significantly higher prevalence of 
masked hypertension than women (20.79% vs. 11.86%, p=0.0295). 
There was no statistically significant difference in the estimated 
prevalence of masked hypertension among the age categories. 
The estimated prevalence of masked hypertension was 17.5%, 
20.58%, and 24.34% in the age categories of the 30s, 40s, and 
50s, respectively (Fig. 2). Meanwhile, the prevalence of masked 
hypertension in the 60s age group was 13.29%, which was lower 
than that in individuals in their 30s, 40s, and 50s, although this 
difference was statistically insignificant. The estimated prevalence 
of masked uncontrolled hypertension was 26.79% in patients with 
hypertension who were taking antihypertensive medications.

Among the hypertensive patients, the estimated rate of treatment 
(percentage of patients taking antihypertensive medications) 
was 27.35% by 24-hour ABPM, and 50.99% by CBPM. Among 
the hypertensive patients, 19.89% of patients were estimated by 
CBPM and 44.72% of patients were estimated by 24-hour ABPM as 
having uncontrolled hypertension despite taking antihypertensive 

Table 1. Characteristics of the study population (N=462)

Variables Values

Mean age (years) 46.7±9.4

SBP (mmHg)

Right 115.5±13.2

Left 117.0±13.7

DBP (mmHg)

Right 74.1±10.2

Left 74.7±10.4

24-hour SBP (mmHg) 115.9±11.1

24-hour DBP (mmHg) 75.4±10.2

Height (cm) 162.1±8.4

Weight (kg) 62.9±12.0

Body mass index (kg/m2) 23.8±3.2

Smoking (%) 103 (22.3)

Drinking (%) 137 (29.7)

Diabetes mellitus (%) 28 (6.1)

Hypertension, treated (%) 61 (13.2)

Fasting blood glucose (mm/dL) 98.7±18.8

Total cholesterol (mg/dL) 196.4±34.6

LDL-C (mg/dL) 121.2±32.1

Triglyceride (mg/dL) 128.5±92.8

HDL-C (mg/dL) 57.4±15.8

Values are shown as means±standard deviation, or number and percent in 
parenthesis, as appropriate. SBP: systolic blood pressure, DBP: diastolic 
blood pressure, LDL-C: low density lipoprotein cholesterol, HDL-C: high 
density lipoprotein cholesterol

Table 2. Distribution of the study population and the sample from 
Goyang

Variables
Sample (n=462) Goyang*

n % n %

Age

20–29 24 5.2 109287 18.7

30–39 67 14.5 149529 25.6

40–49 197 42.6 183461 31.3

50–59 131 28.4 108299 18.5

60–65 43 9.3 29653 5.9

Gender 

Men 166 35.9 284784 49.0

Women 296 64.1 295445 51.0

*Data from the 2010 Census of population and housing, Korea 
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medications.

Discussion

Our study is the first study to estimate the prevalence of 
hypertension by ABPM in a population-based survey in Korea, and 
to report the prevalence of masked hypertension in the general 
population in Korea. The prevalence of hypertension in most 
nationwide surveys is estimated by CBPM and not by ABPM. White-
coat and masked hypertension are the representative disadvantages 
of CBPM. Thus, the reported prevalence of hypertension by CBPM 
may not reflect the true prevalence of hypertension. Although 
several cohorts have performed ABPM,17) most nationwide surveys 
have not adopted ABPM to estimate the prevalence of hypertension 
until most recently. Furthermore, none of the previous studies in 

Table 3. Prevalence of hypertension by conventional blood pressure measurement and ambulatory blood pressure measurement

the study population    Goyang            Seoul

n % % (SE) p* % (SE) p*

CBPM 108 23.38 17.54 (1.97) 21.24 (1.46)

Men 59 34.94 26.36 (3.80) <0.0001 26.59 (2.38) 0.0002

Women 50 16.89 10.80 (1.78) 15.92 (1.67)

24-hour ABPM 184 39.83 32.70 (2.79)

Men 93 56.02 44.25 (4.94) <0.0001

Women 91 30.74 21.57 (2.74)

*by Rao-Scott Chi-Square Test. SE: standard error, CBPM: conventional blood pressure measurement, ABPM: ambulatory blood pressure monitoring  
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Table 4. Estimated prevalence of masked and white coat hypertension

Study population, % (n) Goyang, % (SE)

Masked hypertension  17.97 (83) 16.22 (2.16)

Men*  23.49 (39) 20.79 (3.79)

Women*  14.86 (44) 11.86 (2.17)

White coat hypertension  1.73 (8) 1.08 (0.43)

*Prevalence of masked hypertension in men or women of the study popu-
lation and sample from Goyang. SE: standard error

Fig. 1. Estimated prevalence of hypertension according to age categories. 
Conventional blood pressure in Goyang residents was measured by the 
semi-automated oscillometric device. Conventional blood pressure in 
Seoul residents was measured by the auscultatory method with a mercury 
sphygmomanometer. Standard error was provided. CBPM: conventional 
blood pressure measurement, ABPM: ambulatory blood pressure 
monitoring.

Fig. 2. The estimated prevalence of masked hypertension according to age 
categories. Standard error was provided.
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the Asian population have performed ABPM in a large urban city 
through a population-based survey. 

The higher prevalence of hypertension by ABPM compared to 
that by CBPM in our study demonstrates the importance of ABPM 
because CBPM under-estimates the true prevalence of hypertension 
by misdiagnosis of masked hypertension as normotension. Moreover, 
ABPM is considered to be a feasible method for estimating the 
prevalence of hypertension through a population-based survey. The 
studied subjects were recruited as a random sample from a large city 
population using the probability-based selection method, allowing 
estimation of hypertension prevalence in the city population with 
the least bias. In addition, eligibility rate of 93% for ABPM suggests 
that ABPM is a feasible method of surveying the population for the 
prevalence of hypertension.

The estimated prevalence of hypertension by ABPM in our study 
was 32.7%, which is comparable to that in the Ohasama study 
(31.8%).11) However, the estimated prevalence of hypertension in 
our study could have been higher than that in the Ohasama study11) 
if individuals aged more than 65 years had been included. The 
greater prevalence of hypertension in our study compared to that 
in the Ohasama study11) is likely to be due to the difference in the 
studied area although there may be some other factors. Goyang is 
a semi-urbanized area and Ohasama is a rural area. The prevalence 
of hypertension in urban populations has been reported to be 
higher than that in the rural population in China.18) 

Our study showed the usefulness of ABPM in the population 
survey by establishing the diagnosis of masked and white-coat 
hypertension. The high prevalence of masked hypertension 
contributed to the under-estimation of hypertension by CBPM. 
The prevalence of masked hypertension was comparable to that 
in the previous study, which was performed in a similar age group 
(16% vs. 15%, respectively).19) The high prevalence of masked 
hypertension is problematic for public health. Undiagnosed 
hypertension at a relatively young age can contribute to the 
increased development of cardiovascular disease by delaying access 
to adequate treatment. Furthermore, under-estimation of the 
prevalence of true hypertension may have a negative influence on 
the public health policy by decreasing the interest and priority. The 
prevalence of white-coat hypertension in our study was lower than 
that reported in the Ohasama study.11) However, it was comparable 
to that in the study by Trudel et al.19) (1.5% vs. 1.8% respectively). 
The reported prevalence of white-coat hypertension is 10-53%.20) 
White-coat hypertension is more prevalent in the elderly.21)22) The 
low prevalence of white-coat hypertension in our study may be 
explained by the age range of the study population (20-65 years). 
In the International Database on Ambulatory blood pressure in 
relation to Cardiovascular Outcomes (IDACO), daytime BP was 

higher than the conventional BP until the age of 50 years, and in 
contrast, it was similar in the 50-60 year age group, suggesting 
a high prevalence of masked hypertension and low prevalence of 
white-coat hypertension before the age of 60 years.17) 

In the present study, the diagnosis of hypertension by ABPM 
was based on 24-hour BP instead of daytime BP. The sensitivity 
was 83.7% and the specificity was 97.5% when the diagnosis of 
hypertension was based on the daytime BP and 24-hour BP was 
used as a reference method (data not shown in the results). The 
sensitivity and specificity was increased to 100% and 97.6%, 
respectively when the diagnosis of hypertension was based on 
the combination of 24-hour BP and daytime average BP (data not 
shown in the results). The 24-hour BP and nighttime average BP 
is stronger than daytime BP in the prediction of cardiovascular 
mortality.23) Moreover, daytime BP does not reflect nighttime 
hypertension, leading to under-diagnosis of hypertension. The 
prevalence of masked hypertension in the study population was 
higher when the diagnosis of hypertension was determined by 
average nighttime BP than by daytime BP. Unlike the existing 
hypothesis which suggests that an elevation of blood pressure 
related to physical activity can explain the high prevalence of 
masked hypertension in individuals aged <60 years,17) nighttime 
hypertension, not daytime hypertension was considered as a major 
contributing factor to the high prevalence of masked hypertension 
in our study. Thus, we used the 24-hour BP as a reference method 
instead of daytime BP. Nonetheless, the adoption of ABPM in the 
national health survey and system may improve public health. 
Moreover, the promotion of ABPM utilization in clinical practice, 
together with informed public health policy may help eventually 
lower health-care costs.24)25) 

One issue that should be discussed is the method of CBPM. 
The English and Canadian surveys have also used automatic 
oscillometric devices in CBPM, but not the US survey.5) Likewise, 
the present study used an automatic oscillometric device in 
CBPM. Blood pressure obtained by the oscillometric method may 
be lower than that obtained by the auscultatory method, yielding 
lower prevalence of hypertension.26) Although the prevalence of 
hypertension as measured by the automated oscillometric device 
may be different from that measured by the auscultatory method, 
the hypertension prevalence in Goyang obtained by CBPM was 
compared to that in Seoul using the KNHNES data obtained in 
2011, because the prevalence of hypertension in Goyang city was 
not available in KNHNES. Goyang is located close to Seoul, sharing 
similarities in the social and economic landscape. KNHNES used the 
auscultatory method with a mercury sphygmomanometer in CBPM. 
Even though we considered a 4% lower detection of hypertension 
by the oscillometric method compared to that by the auscultatory 
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method in a recent study in Korea,26) a 4% difference was within 
the 95% confidence interval. Thus, the prevalence of hypertension 
in the two cities seemed to be similar. The use of automated 
oscillometric device is increasing in various studies including the 
general population survey because of the biohazard of mercury 
and inaccuracy of aneroid sphygmomanometer. Although it was 
not planned to estimate the prevalence of hypertension by the 
automated oscillometric device in this study, we have provided 
important data for the future research and survey. 

There are several limitations that should be mentioned. In our 
study, individuals older than 65 years were not included. Thus, the 
prevalence of masked and white-coat hypertension in individuals 
of that age could not be determined. In addition, the feasibility 
and usefulness of the ABPM in the population survey could not be 
determined. However, considering the age range in the Ohasama 
study11) (20-79 years), ABPM may be feasible in the elderly. The 
sample size was comparatively small. However, we used a random 
sample that was selected by using the LARDD method and statistical 
post-stratification weighting to correct for imperfections in the 
sample that may lead to bias due to the selection of respondents 
with unequal probabilities, non-coverage of the target population, 
and non-response.

The other limitation that should be mentioned is that none of 
the individuals with masked hypertension were in the 20 to 29 
years age group. The reason for this may be the low participation 
rate among individuals in this age range. The estimated prevalence 
of masked hypertension may be higher than 16.22%, considering 
more than 10% prevalence of masked hypertension in this age 
group in IDACO.17)

In conclusion, the estimated prevalence of hypertension by 
24-hour ABPM was higher than that by CBPM, revealing high 
prevalence of masked hypertension. The high prevalence of masked 
hypertension supports the adoption of ABPM in the national 
population survey and clinical practice to improve public health 
and reduce health care costs.
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