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Analysis of Spatial Distribution of Hypertension Prevalence and Its
Related Factors based on the Model of Social Determinants of Health
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Purpose: The purpose of this study is to identify the spatial distribution of hypertension prevalence and to investigate
individual and regional-level factors contributing to the prevalence of hypertension in the region. Methods: This study
is a cross-sectional research using the 2015 Community Health Survey. Total 64,473 people from 7 metropolitan
cities were used for the final analysis. Geoda program was adopted to identify the regional distribution of hypertension
prevalence and analyzed by descriptive statistics, one-way ANOVA and correlation analysis using SPSS statistics
23.0 program. Multi-level analysis was performed using SPSS (GLMM). Results: The prevalence of hypertension
was related to individual level factors such as age, monthly household income, normal salt intake, walking practice
days, and regional level factors including number of doctors per 10,000 population, number of parks, and fast food
score. Besides, regional level factors were associated with hypertension prevalencies independently without the ef-
fects of individual level factors even though the influences of individual level factors ware larger than those of regional
factors. Conclusion: Respectively, both individual and regional level factors should be considered in hypertension
intervention programs. Also, a national level research is further required by exploring various environmental factors
and those influences relating to the hypertension prevalence.
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INTRODUCTION

distribution in the regional units of municipalities (si (city)
/gun (county)/gu (district)) has been steadily increasing

1. Background

Hypertension is a disease with a high disease burden in
Korea and a preceding disease of cerebrovascular diseases,
which are a major cause of death, and the prevalence rate
and medical costs of hypertension have been steadily in-
creasing along with those of diabetes [1]. It is also the dis-
ease with the highest medical costs as a single disease [2].
Globally, it is estimated that 54% of strokes and 47% of is-
chemic heart diseases are associated with hypertension
[3]. On the other hand, in Korea, the experience rate of life-
time diagnosis of hypertension in people aged 30 or older
was 14.5~28.1% according to the Community Health Sur-
vey Data from 2008 to 2015, and the median of the regional

since 2008 from 18.6% in 2010 to 19.4% in 2015[2]. Espe-
cially in Seoul and six Metropolitan Cities, hypertension
prevalence has been increasing every year from 13.78% in
2009 to 14.90% in 2013, and the prevalence of hypertension
has been reported to be much higher compared to those of
other diseases [4]. Urban areas are densely populated dis-
tricts, and studies of the relationship of urban environ-
ments with obesity, asthma, and heart disease have been
recently increasing, and the need for creation of healthy
urban environments has been emphasized [5]. In partic-
ular, in the Seoul Special City and six Metropolitan Cities,
urban environments have been reported to have a sig-
nificant negative impact on health, and the healthcare and
medical expenses are being greatly increased. Therefore,
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Analysis of the Hypertension Prevalence

there is a need to elucidate the regional factors related to
hypertension prevalence.

Factors associated with chronic diseases include in-
dividual factors such as demographic and socioeconomic
factors [3,6,7], disease-related factors [8] and health behav-
ior factors [9-14]. A representative example of the theories
that approached the determinants of health from an eco-
logical perspective is Dahlgren and Whitehead's model of
the social determinants of health [15]. This theory presents
four layers (levels) of determinants of health surrounding
individuals, such as individual lifestyle factors, social and
community networks, living and working conditions, and
socioeconomic, cultural, and environmental conditions as
the factors that affects health status. According to this the-
oretical model, individuals have invariable sets of genes
and are at the center of the layers and there are four differ-
ent layers of influences around individuals which affect
health and are changeable. This ecological approach to
health behaviors brings attention to environments and
policies, and emphasizes the need to consider influences at
multiple levels by taking a comprehensive approach by in-
tegrating the sociopsychological, organizational, and en-
vironmental factors at the regional level with the context
of the individual-level behaviors [16].

When the risk factors for hypertension are classified ac-
cording to the model of the social determinants of health
proposed by Dahlgren and Whitehead [15], individual-
level factors include lifestyle factors such as smoking,
drinking, drug abuse, the lack of physical activity, and
poor diet [7,17-19]. In recent studies, regional-level factors
have also been identified as factors affecting hypertension
[20-25]. Specifically, the percentage of the beneficiaries of
the National Basic Livelihood Security System, which re-
flects the income level of the region [20], the population
density, and the rate of land use mix were inversely asso-
ciated with hypertension prevalence [21]. In addition, hy-
pertension prevalence was higher in people with health
insurance than in those without health insurance, and it
was also higher in people living in urban areas than in
those living in rural areas [23,25]. Moreover, hypertension
prevalence was found to be high among people living in
the regions with a low financial independence rate and in
the areas where it is difficult to use parks and bicycle roads
frequently [12], and hypertension prevalence was higher
among people with the experience of using a healthcare
institution [22]. In addition, it has been reported that there
is a difference in the mortality rate of cerebrovascular dis-
eases [26], depending on the geographical characteristics
of regions, such as coastal areas, tourist attractions, and ur-
ban core areas [26]. To date, no studies have analyzed the

relationship between hypertension and regional-level fac-
tors such as the regional Sprawl Index (residential density)
and urban infrastructure, land use status, park accessibi-
lity. However, it has been reported that uniform land uses
and discontinuous walking environments influenced the
level of obesity in individuals [27], and that an increase in
the number of parks resulted in increased physical activ-
ities and a lower level of obesity [5]. The lack of parks or bi-
cycle roads has been shown to increase the lack of physical
activity in individuals, contributing to the increase of the
incidence of obesity, diabetes and cardiovascular diseases
[27]. Considering these study results, it is believed that if
facilities such as parks and pedestrian passages are placed
near residential areas and work places when urban devel-
opment proceeds, it will increase the mixture of land use
and facilities such as bicycle roads and pedestrian pas-
sages used to go to parks, residential and office areas are
expected to provide exercise effects and serve as a regional
environmental factor which can contribute to the reduc-
tion of hypertension prevalence. Therefore, it is necessary
to identify the regional-level factors of hypertension.

So far, some studies have analyzed the differences in
the prevalence of hypertension and the trends of annual
changes in small regional units such as eups, myeons, and
dongs using the national statistical data of Korea, and
some research has used an ecological analysis to conduct
the analysis of correlations between health behavior varia-
bles and variables related to regional characteristics and
spatial analysis [20]. However, no prior studies have car-
ried out a multi-level analysis to stratify and estimate the
characteristics of individual-level factors and regional-level
factors [5]. In addition, there is still a lack of studies which
has visualized the regional distribution of prevalence of
hypertension, has represented the differences in the preva-
lence due to the spatial specificity of the region, and has
identified and analyzed regional variables [20,28].

Therefore, this study aimed to investigate indivdual-
level factors and regional-level factors related to the preva-
lence of hypertension based on Dahlgren and Whitehead's
model of the social determinants of health (Figure 1). A
multilevel analysis study was conducted to visualize the
spatial distribution of prevalence using Geographic Infor-
mation System (GIS) in consideration of variables of in-
dividual characteristics and characteristics of urban areas,
and to identify multi-level factors in Seoul Metropolitan
City and 6 metropolitan cities, which are regions with high
hypertension prevalence. In addition, we attempted to clar-
ify the relationship between individual-level factors and
regional-level factors of hypertension in order to help to
establish hypertension management project plans.
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Figure 1. Theoretical framework of this study based on social model of health.

2. Purpose

The aim of this study was to investigate the current sta-
tus of hypertension prevalence in Seoul and 6 metropoli-
tan cities (si (city), gun (county), and gu (district)) and
identify individual-level and regional-level factors influ-
encing hypertension prevalence in each region (si, gun,
and gu) using Dahlgren & Whitehead's model of the social
determinants of health. The specific objectives of this study
are as follows:

* to investigate the distribution of hypertension preva-

lence by si(city), gun(county), and gu(district) in the
region;

* to examine hypertension prevalence according to in-
dividual-level and regional-level factors;

* to identify the individual-level and regional-level fac-

tors of hypertension prevalence.

METHODS

1. Study Design

This study is a cross-sectional study to investigate the
individual-level and regional-level factors related to hy-
pertension prevalence through an ecologic analysis based
on Dahlgren and Whitehead's model of the social determi-
nants of health, and it was conducted by secondary data
analysis.
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2. Participants and Data Collection

The spatial scope of the research was limited to Seoul
and 6 metropolitan cities in order to identify the regional
characteristics of urban environments. The analysis units
were city (si), county (gun), and district (gu), and the tem-
poral scope was set as the year of 2015 when the Commun-
ity Health Survey was conducted. The collected data were
divided into the data of individual-level and regional-level
factors in order to analyze individual-level and region-
al-level factors related to the prevalence of hypertension.
For the data of individual-level factors, out of 67,708 re-
spondents residing in Seoul and 6 Metropolitan Cities
among a total of 228,558 respondents of the 2015 Commu-
nity Health Survey, 64,373 people were included in the fi-
nal analysis, excluding the missing data of 3,236 people.
The data of regional-level factors include the 2015 pop-
ulation statistics based on resident registration provided
by the Ministry of Government Administration and Home
Affairs, the 2015 Cadastral Statistics of the Ministry of Land,
Infrastructure, and Transport, 2015 Statistics of Utiliza-
tion of Medical Services by Region provided by the Natio-
nal Health Insurance Corporation, the 2015 Local Govern-
ment Integrated Financial Overview provided by the Min-
istry of Government Administration and Home Affairs,
the 2015 Statistics of Urban Planning provided by the Ko-
rea Land and Housing Corporation, the data of 74 munici-
palities (si (city), gun (county), gu (district)) from the 2015
Business Survey (statistics of cities and counties), and the
2015 maps of municipalities provided by the Statistical
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Geographic Information Service of the Korean National
Statistical Office as cadastral data.

3. Selection of Variables

The variables of individual-level and regional-level fac-
tors affecting hypertension prevalence in the regions (si/
gun/gu) were selected based on previous studies such as
Lee [21], Kim and Kang [28], and Ewing [15].

1) Dependent variables

The experience rate of lifetime diagnosis of hyperten-
sion from the Community Health Survey that standard-
ized the regional prevalence of hypertension by age and
gender was used as the index of hypertension prevalence.
The prevalence rate was the directly standardized rate us-
ing the weighted average prevalence of the standard polu-
lation, which was calculated by multiplying the preva-
lence rates by gender and age by the standard population
ratio of each section [2].

2) Independent variables

(1) Individual-level factors

Gender, age, the number of household members, and
average monthly household income from the data of the
2015 Korea Community Health Survey were selected as
the demographic and socioeconomic variables [6,7,14].
Based on previous studies, variables such as smoking sta-
tus [12], the level of alcohol consumption at a time [4], usu-
al level of salt intake [18], and walking practice day a week
[5] were included as health behavior variables.

(2) Regional-level factors

Based on the results of previous research [12,21], the
percentage of population aged 65 or older, population
density, the health insurance premium per person and the
financial independence rate were selected as the demo-
graphic and socioeconomic variables of regions. The num-
ber of healthcare institutions per 10,000 population and
the number of physicians per 10,000 population, which
can well represent the characteristics of the delivery of
healthcare services, were selected as the characteristics of
the regional delivery of healthcare services. In addition,
the number of parks, the park area per person, the num-
ber of bicycle roads, extension of bicycle roads, the num-
ber of fast food restaurants were selected as the variables
of physical environment characteristics of the region
[5,21].

4. Data Analysis

To investigate the regional differences in hypertension
prevalence, we used GeoDa software to examine the spa-
tial distribution, and a multi-level analysis was performed
using SPSS V.23 GLMM. First, we represented the hyper-
tension prevalence of each of 74 autonomous regions with
a diagram to examine the differences in hypertension pre-
valence. Secondly, descriptive statistics such as percen-
tages and averages of individual-level factors and region-
al-level factors of hypertension prevalence were analyzed.
Third, the relationship between individual-level and re-
gional-level factors affecting prevalence of hypertension
was analyzed using one-way ANOVA and Pearson's cor-
relation coefficient. Finally, a multi-level analysis was con-
ducted to analyze the effects of individual-level and re-
gional-level factors on hypertension prevalence.

The analysis of individual data in this study may be
subject to ecological fallacy because of regional data and
the hierarchical or nested structures if analysis is perfor-
med using a general linear regression model [5], and it is
difficult to reflect the spatial heterogeneity of uneven and
diverse distributions of the participants's data among spa-
tial units [5]. For this reason, we used a multi-level model
that stratifies and characterizes the respective character-
istics of individual-level and regional-level factors [21].
Because the prevalence of hypertension (diagnosis of hy-
pertension) in individuals used as a dependent variable
has a binomial distribution, the two-level multilevel logis-
tic regression model, in which a variable is converted into
a linearized dependent variable using a link function, was
selected. A random intercept model by which the random
effect for the intercept of the regions and fixed effects for
controlled independent variables can be estimated was
constructed.

5. Ethical Considerations

This study was conducted after obtaining approval from
the IRB of the Inje University (approval number: IRB No.
INJE201608017003-UE002) for ethical considerations for
the participants and data utilization.

RESULTS

1. Regional Distribution of Hypertension Preva-
lence by Si/Gun/Gu (City/County/District)

The mean prevalence of hypertension in 74 municipal-
ities including cities, counties, and districts comprising
Seoul and 6 metropolitan cities was 19.1% in 2015 (Table
1). In the map, the regions were divided into 4 groups
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Table 1. Regional Distribution of Hypertension Prevalence
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(N=74)

Districts Standing Metropolitan city District Hypertension prevalence (%)

Top 10 highest districts 1 Incheon Ongjin-gun 244
2 Incheon Gyeyang-gu 243
3 Incheon Ganghwa-gun 24.1
4 Daejeon Dong-gu 23.7
5 Seoul Junglang-gu 235
6 Seoul Seodaemun-gu 227
7 Incheon Bupyeong-gu 22.3
8 Seoul Eunpyeong-gu 222
9 Incheon Jung-gu 21.7
10 Incheon Yeonsu-gu 21.7

Top 10 lowest districts 1 Gwangju Gwangsan-gu 15.0
2 Gwangju Buk-gu 155
3 Gwangju Dong-gu 16.2
4 Seoul Gangnam-gu 16.2
5 Seoul Dongdaemun-gu 16.2
6 Seoul Seocho-gu 16.3
7 Daegu Suseong-gu 16.4
8 Daegu Jung-gu 16.4
9 Busan Dongrae-gu 16.4
10 Gwangju Seo-gu 16.6

based on the quintiles, and the status of hypertension
prevalence by region was visualized by using GIS (GeoDa
software). Darker colors indicate higher prevalence of
hypertension. The distribution of hypertension prevalen-
ce in Seoul showed a clear difference between Gangnam
areas and Gangbuk areas. The districts with the highest
prevalence are concentrated in Gangbuk areas; in other
words, the districts with the first to third highest preva-
lence of hypertension are Jungnang-gu (23.5%), Seodae-
mun-gu (22.7%) and Eunpyeong-gu (22.2%). On the other
hand, the districts with the first to third lowest prevalence
are Gangnam-gu (16.2%), Seocho-gu (16.3%) and Yeong-
deungpo-gu (17.2%), so the districts with the lowest preva-
lence are mostly concentrated in Gangnam regions. In
Busan, it can be seen that the regions with the first to fourth
lowest prevalence of hypertension are adjacent to each
other, and there are large differences among the regions.
In Daegu, the regions with the first to third highest preva-
lence of hypertension are adjacent to each other. In In-
cheon, the county areas where there are many island areas
mostly showed high prevalence rates. Even in Gwangju,
Daejeon, and Ulsan, the prevalence rate varies according
to regions(Figure 2).

2. Analysis of Individual-level and Regional-level
Factors Affecting Hypertension Prevalence

1) Individual-level factors
Table 2 shows the general characteristics of the partici-
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pants. Males were 46.0% and females were 54.0%. As to the
number of household members, the households with 3~5
household members accounted for the largest proportion
(59.8%). Regarding the average monthly household in-
come in the past one year, the largest proportion of the re-
spondents (31.7%) earned 3 to less than 5 million won mon-
thly, and 13.2% of the respondents earned less than 1 mil-
lion won. As for smoking status, 17.0% of the respondents
smoked every day and 1.9% of them smoked occasionally.
Regarding the level of alcohol consumption at a time, the
rate of people drinking 5 glasses or more was highest
(31.1%). For the usual sodium intake, people eating insipid
foods accounted for 25.2% and those eating salty foods
were 25.2%. For the number of days of walking for at least
10 minutes at a time a week in the past one week, the rate
of those who practice walking 6 days or more was the
highest (47.2%).

2) Regional-level Factors

The average percentage of older people aged 65 or older
was 13.40%3.85%, the average population density was
10,348+£7,105 persons (total number per 1,000 population),
and there was a high standard deviation regarding region-
al differences, indicating that there was a large difference
in the population density among regions. The average
health insurance premium per person was 847,800 won,
ranging from a minimum of 575,830 won to a maximum of
1583,750 won. The financial independence rate was 28.92+
12.77% on average, and only 7 out of 74 regions were found
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Figure 2. Distribution of hypertension prevalence by region.
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Table 2. General Characteristics of the People (N=64,473)
. . torF (p)
% +

Characteristics Categories n (%) M=SD Scheffé

Gender Male 29,656 (46.0) 19.01+£2.13 2.23 (.052)
Female 34,817 (54.0) 19.02+2.16

Age (year) 19~30 10,579 (16.4) 19.01+2.04 2.36 (.003)
31~40 11,574 (18.0) 19.04+2.09
41~50 13,091 (20.3) 19.02+2.09
51~60 13,096 (20.3) 19.08+2.10
>61 16,133 (25.0) 19.07£2.13

No. of households (person) <2 23,917 (37.1) 19.08%+2.17 7.43 (<.001)
3~5° 38,558 (59.8) 19.02+2.05 a>b
>6° 1,998 (3.1) 19.14+2.18
<100° 8,495 (13.2) 19.16+£2.25 53.68 (<.001)

Monthly income (10,000 won) 101~200° 9,365 (14.5) 19.15+2.14 a>d, e
201~300° 12,017 (18.6) 19.15+2.12
301~500° 20,446 (31.7) 19.04+2.03
>501° 14,150 (21.9) 18.84+2.04

Smoking status Current smoker 10,986 (17.0) 19.16+2.13 20.69 (<.001)
Ex-smoker” 1,233 (1.9) 19.06%2.09 a>c
Non-smoker” 52,254 (81.0) 19.02%+2.09

Alcohol consumption (glass) 1~2° 20,665 (30.5) 19.15+2.21 54.30 (<.001)
3~4° 10,708 (15.8) 19.06£2.11 a>b,c,d
>5° 21,057 (31.1) 19.06%2.09
Non-alcoholic* 12,746 (18.8) 18.85+1.90

Salt intake level Very salty 653 (1.0) 19.27+2.26 2.24 (.062)
Slightly salty 15,591 (24.2) 19.05+2.11
Moderate 31,946 (49.5) 19.05+2.10
Slightly light 14,331 (22.2) 19.06+2.13
Very light 1,952 (3.0) 19.03+2.05

Days of walking (week) <2° 15,169 (23.5) 19.08+2.28 8.61 (<.001)
3~5° 18,919 (29.3) 19.08+2.09 a>c
>6° 30,385 (47.2) 19.01£2.00

to have the financial independence rate of more than 50%.
The number of healthcare institutions per 10,000 persons
and the number of physicians per 10,000 persons were
10.95%£5.36 and 31.29431.72, respectively. The average
park area per person was 12.95+26.52 m’, and there were
significant regional differences of up to 157.19 m’. The
average number of parks was 87156. The average length
of the extensions of bicycle roads was 53.53+58.79 km and
the average number of bicycle roads was 26+24. The aver-
age number of fast food restaurants was 271+121, ranging
from a minimum of 17 to a maximum of 577 (Table 3).

3. Individual-level and Regional-level Factors
Affecting Hypertension Prevalence

1) Individual-level factors affecting hypertension prevalence
There was a statistically significant difference in hyper-
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tension prevalence according to age, the number of house-
hold members, monthly household income, smoking sta-
tus, the level of alcohol consumption at one time, the num-
ber of walking practice days a week among the variables
of individual-level factors, and other variables did not
have a statistically significant effect (p <.05). Specifically,
as age became higher, the prevalence of hypertension rose
(t=2.36, p=.003), and hypertension prevalence was higher
in people with less than 3 household members than in
those with 6 or more household members (t=7.43, p <001).
As to monthly household income, hypertension preva-
lence was higher in people earning less than 1 million won
a month compared to those earning 3 to 2.99 million won
and those earning 5 million won or more (t=53.68, p <
.001). Regarding smoking status, hypertension prevalence
was higher in the people smoking everyday than in
non-smokers (t=20.69, p <.001). As for the level of alcohol
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consumption at a time, the prevalence rate was signifi-
cantly higher in people drinking 1 to 2 glasses at a time
(t=54.30, p <.001). Regarding the number of walking prac-
tice days a week, the prevalence rate was significantly
higher in people who practice walking less than 3 days a
week than in those who practice walking 6 days or more a
week (t=8.61, p <.001) (Table 2).

2) Regional-level factors affecting hypertension prevalence

The analysis of the correlation between regional-level
factors and the prevalence of hypertension showed that
hypertension prevalence was significantly negatively cor-

related with the number of healthcare institutions in the
region (r=-.28, p <.05), the number of physicians (r=-.29,
p <.05), the number of parks (r=-.31, p <.01), and the num-
ber of fast food restaurants (r=-.25, p <.05). There was a
negative correlation between the park area per person and
hypertension prevalence (r=-.21), but it was not statisti-
cally significant (Table 3).

4. Multilevel Analysis of Factors related to Hyper-
tension Prevalence

To conduct a multi-level analysis, the Null model, the

Table 3. Regional Characteristics of the People (N=74)
Characteristics Categories M=£SD Min Max
Demographic - Percentage of population over 65 (%) 13.40+3.85 6.39 28.53

socio-economic Population density (person) 10,348+7,105 122 27,847
characteristics Health insurance premium per person (One thousand won) 847.80+166.25  575.83 1583.75
Financial independence rate (%) 28.92+12.77 11.40 66.20
Medical supply No. of doctors (/10,000) 31.29+31.72 5.81 185.35
characteristics No. of medical institutions (/10,000) 10.95%+5.36 4.54 37.07
Physical environmental =~ Park area per person (mz) 12.95+26.52 0 157.19
characteristics No. of parks 87156 0 254
Bike road extension (km) 53.53+58.79 0 291.70
No. of bicycle roads 26124 0 118
No. of fast food restaurant 271121 17 577
Table 4. Correlations between Hypertension Prevalence and Regional Factors (N=74)
1 2 3 4 5 6 7 8 9 10 11
Variables
r(p) t(p) r(p) r(p) t(p) r(p) t(p) r(p) t(p) r(p) r(p)
1. POP 65 -
2.PD 71 -
3. HIPP 17 -.07 -
4. FIR -12 .05 34 -
5. NOMI -.28% 27 -.06 32
6. NOD -.29% .03 -.08 .25% 76** -
7. PAPP -21 -.26* .02 24* -.02 -.05 -
8. NOP =31 -.24* .01 24* -.26* -31** 39 -
9. BRE -18 -.54%* .03 -.06 -14 -20 .06 58** -
10. NOBR -19 -.38** .04 .04 -19 -19 -.05 59** .80** -
11. NOFFR -.25% 17 .01 17 -.06 -.07 -.26* 52+ 37+ A5 -
12. HP .16 .07 17 -13 -.28* -.29* -21 - 31* -18 -19 -.25%

*p<.05, **p <.01; POP 65=percentage of population over 65; PD=population density; HIPP=health insurance premium per person;
FIR=financial independence rate; NOMI=no. of medical institutions; NOD=no. of doctors; PAPP=park area per person; NOP=no. of parks;
BRE=bike road extension; NOBR=no. of bicycle roads; NOFFR=no. of fast food restaurant; HP=hypertensive prevalence.
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model of individual-level factors (Model 1), and the model
of individual-level/regional-level factors (Model 2) were
sequentially tested.

1) Null model

Without entering independent variables, the regional
variance of the dependent variable, hypertension preva-
lence, was analyzed and whether there were regional dif-
ferences in hypertension prevalence was tested (Table 5).
In terms of the fixed effect, the estimated value for the
mean value of log multiplication of hypertension in all the
regions was -1.36 and the probability of hypertension was
1/ (1+exp (1.36))=.423, which was statistically significant
(p <.001). The variance at level 2 indicating the difference in
hypertension prevalence among regions was statistically
significant (x0j=.048, p <.001), so it was shown that there
are regional differences in the prevalence of hypertension.
The intraclass correlation coefficient (ICC) value was 0.0143
(.048 /(.048 + 3.29), so the variance for regional-level fac-
tors accounted for 1.43% of the total variance, and this
means that regional-level factors explain about 1.43% of
hypertension prevalence. In other words, hypertension
prevalence is different among regions, so it is necessary to
conduct a multi-level analysis to estimate the effects of re-
gional-level variables.

2) Model of Individual-level factors (Model 1)

The regression model to verify the regional differences
in hypertension prevalence by entering the explanatory
variables of Level 1 (personal level factor) is presented be-
low as Model 1 (Table 5).

Model 1

log (diagnosed=1/undiagnosed=0)=B31AGE; + B2NOHj
+ BINCOME;; + BsSSMOKING;; + BsALCOHOL; + BSALT;
+ B7WALKINGij

The results of the analysis of the fixed effect of Level 1
(individual-level factors) on hypertension prevalence
showed that hypertension prevalence was higher than in
people aged 61 or over than in other age groups. Com-
pared to the 19~30 age group, the odds ratio for hyper-
tension prevalence was increased in the order of the 31~40
age group, the 41~50 age group, the 51~60 age group, and
the 61 or over age group. With regard to the monthly
household income, compared to the monthly household
income of 5 million won or more, hypertension prevalence
was increased in the order of 3 to 4.99 million won, 2 to
2.99 million won, 1 to 1.99 million won, and less than 1 mil-
lion won, so monthly household income was found to be
inversely associated with hypertension prevalence. For
the level of alcohol consumption at a time, alcohol con-
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sumption of 5 or more drinks (in glasses) showed a pos-
itive effect on hypertension prevalence, and alcohol con-
sumption of 1 to 2 drinks showed a negative effect on hy-
pertension prevalence. Excessive drinking of 5 or more
drinks was found to be a factor increasing hypertension
prevalence, compared to no alcohol consumption. Regard-
ing the level of daily salt intake, low-salt preference had a
negative effect on hypertension prevalence. As for walk-
ing practice days per week, hypertension prevalence was
found to decrease in people who practice walking 6 days
or more a week compared to those who practice walking 2
days or less a week, demonstrating that the higher the
number of walking practice days, the lower hypertension
prevalence. On the other hand, with respect to the random
effect, after explaining hypertension prevalence by enter-
ing independent variables of individual-level factors, the
variance of regional-level factors was 0.016, which was
statistically significant (p <.001), and ICC was calculated
to be 0.0048 (.016/(.016 + 3.29)). Even after controlling for
the characteristics of the individual-level factors, 0.48% of
the variance of the regional-level factors remain unex-
plained. Therefore, in order to explain the regional differ-
ences, it is necessary to consider a model in which ex-
planatory variables of regional-level factors were entered
additionally.

3) Model of Individual-level/ Regional-level Factors (Model 2)

Model 2

Boj=100 + 71AGE;; + 132NOH;; + I3INCOME;; + 73SMO
KING; + IGALCOHOL;; + YiSALT; + IZWALKING;; + 1
sNOMI; + J9NOD;; + 130NOP; + 11:PAPP;; + 11:BRE;; + 1
1 3NOBR,‘]' + YluNOFFR,'j + o

In Model 2, individual-level independent variables and
regional-level independent variables were entered at the
same time, and the effects of organization-level variables
were tested while controlling for individual-level factors
(Table 5). The fixed effects of Level 2 (individual-level/ re-
gional-level factors) for hypertension were analyzed. As a
result, in terms of individual-level factors, individual-
level factors except for the number of household members
and smoking status were found to be factors related to
hypertension. In terms of age, the odds ratio for hyper-
tension was found to be increased in the order of the 31~40
age group, the 41~50 age group, the 51~60 age group, and
the 61 or over age group, compared to the 19~30 age group.
Especially in people aged 41 or over, hypertension preva-
lence was about 21 to 57 times higher. As in the results of
Model 1, the average monthly household income was in-
versely related to hypertension prevalence. Regarding the
level of alcohol consumption at a time, compared to no al-
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Table 5. Multi-level Analysis of Hypertension Prevalence (N=64,473, J=74)
Null model Model 1 Model 2
Variables Categories OR OR OR
Coeff. SE p (95% CI) Coeff. SE p (95% CI) Coeff. SE p (95% CI)
Level 1 Intercept, Y00 -136 .01 <.001 .26 -490 11 <.001 0.02(0.01~0.02) -000 15 981 1.00(0.00~1.38)
Age (year) 19~30 1 1
31~40 093 .09 <.001 252(212~3.01) 093 .09 <.001 252(2.12~3.01)
41~50 120 .08 <.001 7.35(6.27~8.62) 120 .08 <.001 7.36(6.27~8.63)
51~60 3.03 .08 <.001 2059 (17.64~24.04) 3.03 .08 <.001 20.61 (17.65~24.06)
>61 404 08 <.001 5686 (46.68~66.41) 4.04 .08 <.001 56.82 (48.65~66.36)
NOH <2 1 1
(person) 35 -005 .03  .090 0.96(0.91~1.01) -005 .03 077 0.95(0.91~1.01)
>6 -013 .07  .051 1.14(0.10~1.30) 013 .07 059 1.34(1.00~1.29)
Monthly <100 034 .04 <.001 1.40(1.29~1.52) 034 .04 <.001 1.40(1.29~1.52)
income 101~200 018 .04 <.001 1.19(1.10~1.29) 017 .04 <.001 1.19(1.10~1.29)
(10,000 won)  201~300 012 .04 002 1.13(1.05~1.22) 012 .04 002 1.13(1.05~1.22)
301~500 007 .04 .043 1.07(1.00~1.15) 007 .04 051 1.07(1.00~1.15)
>501 1 1
Smoking Non 1 1
status Ex 009 .09 301 1.10(0.92~1.37) 0.09 .09 30 1.10(0.92~1.31)
Current 003 .03 284 1.04(0.97~1.10) 0.03 .03 30 1.03 (0.97~1.10)
Alcohol Non 1 1
consumption 1~2 -011 .03 .001  0.90 (0.85~0.96) -011 .03  .001  0.90 (0.85~0.96)
(glass) 3~4 -001 .04 723 0.99 (0.92~1.06) -001 .04 700 0.99 (0.92~1.06)
>5 018 .03 <.001 1.20(1.13~1.28) 018 .03 <.001 1.20(1.13~1.28)
Salt intake Very light 1 1
level Slight light -014 06  .021 0.87(0.77~0.98) -014 .06  .023 0.87(0.77~0.98)
Moderate -018 .06  .003 0.84(0.75~0.94) -018 .06  .003 0.84(0.75~0.94)
Slight salty 004 .06 488 1.04(0.93~1.18) 005 .06 458 1.05(0.93~1.18)
Very salty 020 13 114 1.22(0.95~1.57) 020 .13 113 1.23(0.95~1.58)
Days of <2 1 1
walking 35 -001 .03 793  0.99 (0.93~1.05) -001 .03 767 0.99(0.93~1.05)
(week) >6 -0.08 .03  .006 0.93(0.88~0.98) -008 .03  .005 0.92(0.88~0.98)
Level2 ~ NOMI <15 016 .15 299 1.17(0.87~1.58)
(Per million  15~20 -0.08 .18  .643 0.92(0.65~1.30)
population)  >20 1
NOD <30 -018 .08  .029 0.84 (0.72~0.98)
(Per million  30~50 -020 .09  .028 0.82(0.69~0.98)
population)  >50 1
NOP <50 000 .00 .004 1.01(0.89~1.13)
50~100 011 .03 017 1.12(1.02~1.23)
>100 1
PAPP (m’) <10 008 .06 .18 1.08(0.96~1.22)
10~20 -007 .07 290 0.93 (0.81~1.07)
>20 1
NOBR <15 -016 .01 .018 0.86(0.75~0.97)
15~35 -012 .05 018 0.89(0.80~0.98)
>35 1
BRE (km) 30~50 019 .14 197 1.20(0.91~1.60)
>50 014 15 325 1.15(0.87~1.54)
<30 1
NOFFR <100 019 .08 021 1.21(1.03~1.43)
100~200 -008 .05 166 0.93 (0.84~1.03)
>200 1
+ Variance Variance Variance
Random effect 14 p r
component component component
Level 2, 40 .048 <.001 016 <.001 013 .001
ICC 0143 .0048 .0039
AIC 300,622.227 339,473.625 339,644.798
R 729 667

T Estimation of variance components (variance component); OR=odds ratio, 95% CI=95% confidence interval; NOH=no. of households; FIR=financial
independence rate; NOMI=no. of medical institutions; NOD=no. of doctors; NOP=no. of parks; PAPP=park area per person; BRE=bike road extension;
NOBR=no. of bicycle roads; NOFFR=no. of fast food restaurant; ICC=intraclass correlation;AIC=Akaike's information criterion.
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cohol consumption, 5 or more drinks had a positive effect
on hypertension prevalence, while one to two drinks had a
negative effect, so excessive drinking of 5 or more drinks
was shown to be one of the factors positively associated
with hypertension prevalence. As for the usual level of salt
intake, low salt preference had a negative effect on hyper-
tension prevalence. In the case of the number of walking
practice days a week, hypertension prevalence was found
to be lower in people who practice walking 6 or more days
a week compared to those who practice walking 2 days or
less a week. This shows that the higher the number of
walking practice days, the lower hypertension prevalence.
In terms of regional-level factors, hypertension prevalence
was significantly increased in the regions with 30~50 phy-
sicians and those with less than 30 physicians

in ascending order compared to the regions with 50
physicians per 10,000 people, so it was found that as the
number of physicians is decreased, hypertension preva-
lence tends to be increased. Regarding the number of parks,
hypertension prevalence is likely to be higher in the re-
gions with 50~100 parks and in the those with less than 50
parks, compared to the regions with 100 parks, so it was
shown that as the number of parks is lower, hypertension
prevalence is increased. As to the number of bicycle roads,
hypertension prevalence was found to be statistically sig-
nificantly higher in the regions with 15~35 bicycle roads
and those with less than 15 bicycle roads compared to the
regions with 35 bicycle roads. Finally, regarding the num-
ber of fast food restaurants, the prevalence of hyper-
tension was found to be 1.2 times higher in the regions
with 100 restaurants or less than in the regions with 200
restaurants or more. In terms of the random effects, when
the variables of the regional-level factors were added and
the variance at the organizational level was reduced to
0.013, and it was statistically significant (p <.001). ICC was
calculated to be 0.0039 (.013/(.013 + 3.29)). The variance of
regional-level factors accounted for 0.39% of total
variance. It was still statistically significant after control-
ling for the characteristics of the individual-level and re-
gional-level factors (p <.001), and 0.39% of the variance of
regional-level factors was left unexplained.

DISCUSSION

1. Spatial Distribution of Hypertension Prevalence

The study results of this study showed that there are re-
gional differences in hypertension prevalence, which ran-
ged from 15.0 to 24.4% with an average of 19.1%. In fact,
the distribution of hypertension prevalence was greatly
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different among regions within the same Metropolitan
City. These results suggest that the prevalence of chronic
diseases such as hypertension varies according to the phy-
sical and socioeconomic environments of the regions where
individuals are residing as well as the health behaviors of
individuals. In this respect, there is a need for an approach
of attempting to conduct interventions for each small re-
gional unit if the prevalence is continuously high in a spe-
cific region by analyzing the factors related to the regional
imbalance using the data of sub-municipalities (eup (town),
myeon (township), dong (neighborhood)). In addition, if
the same regional environment is shared within the same
living sphere, accessibility to the local physical environ-
ments such as park environments or bicycle roads where
physical activity can be performed or accessibility to pub-
lic healthcare services affecting hypertension provided in
the local community may be different. In other words, the
prevalence of chronic diseases such as hypertension may
be different depending on which local community indi-
viduals belong to [29]. In fact, a previous study analyzed
of the causes of the health status of submunicipalities
(eup/myeon/dong) in 16 municipalities (gu/gun) of Bu-
san using health status indicators and reported that
health behaviors related to chronic diseases and health
status indicated by health status indicators were poorer in
the regions with a lower socioeconomic level and that re-
gions with a low level of health status were often adjacent
[26].

As described above, it has been found that the preva-
lence rate of chronic diseases is different according to the
spatial specificity of the region, and there are differences
depending on the regional variables [20, 28]. For these rea-
sons, there is a need for research to identify regional-level
factors related to hypertension prevalence through spatial
analysis that reflects the spatial dependence, which is a
unique geographical feature of space. Spatial autocorrela-
tion reflects spatial dependence in space, and spatial sim-
ilarity is more likely to occur as the areas are closer as a re-
sult of living in the same region if the social or economic
situation or level of the individuals is similar [30]. In this
study, Moran's I analysis, which reflects spatial autocorre-
lation, showed that there was almost no autocorrelation.
Basically, in spatial analysis, when all regions of the coun-
try are included in the study, it is possible to examine the
factors related to the distribution of a specific area through
the spatial analysis procedure. However, in this study, on-
ly Seoul and six Metropolitan Cities were included in the
analysis and the regions were separated from each other,
and this seems to be the reason there was no spatial
autocorrelation. It is considered necessary to investigate
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differences in the influencing factors among regions in a
future study encompassing all the regions of the country.

2. Individual-level Factors Affecting Hypertension
Prevalence

The individual factors related to hypertension preva-
lence were age, monthly household income, the level of al-
cohol consumption at a time, and walking practice days a
week. In other words, hypertension prevalence was high-
er in people aged 61 or older, in those with lower monthly
household income, in those having 5 or more drinks at a
time, and in those who practice walking less than 6 days a
week. This is consistent with previous studies which con-
firmed that sociodemographic factors and lifestyle factors
such as exercise and drinking are major risk factors influ-
encing hypertension prevalence [7,17-19,22]. Hypertension
prevalence is generally higher in people aged 60 years or
older than in other age groups [7,14]. Jang et al. [13] ana-
lyzed the data from the 4th Korea National Health and
Nutrition Examination Survey (KNHANES) and they also
reported that prevalence of hypertension is higher in peo-
ple aged 61 years or older than in other age groups. In
agreement with these findings, the study results of this
study also showed that the higher the age, the higher hy-
pertension prevalence.

In relation to monthly household income, hypertension
prevalence was found to be higher as income was de-
creased, and this finding is consistent with previous stud-
ies which reported that hypertension prevalence was in-
creased as the economic level was lower [3,6]. In this study,
since the number of smokers was small, it was not possible
to determine whether smoking was not a significant varia-
ble affecting hypertension prevalence. However, previous
studies demonstrated that smoking is positively corre-
lated with hypertension prevalence and it is a risk factor
for cardiovascular disease, and systolic blood pressure
was reported to be higher in smokers compared to non-
smokers [12]. Regarding the level of alcohol consumption
at a time, hypertension prevalence was found to be higher
in people who have 5 or more drinks at a time than non-
drinkers, and it was lower in people who have 1~2 drinks
at a time, which can be regarded as a moderate level of al-
cohol consumption. This result is consistent with the pre-
vious studies which reported that the higher the rate of
drinking, the higher hypertension prevalence [19], and that
the appropriate amount of drinking is beneficial for health
while excessive drinking has a harmful effect on health.
With respect to the usual level of salt-intake, hypertension
prevalence was found to be statistically significantly lower

in those eating insipid foods and those eating normal
foods compared to those eating very insipid foods. This re-
sult is not consistent with previous studies, and hyper-
tension prevalence has been previously reported to de-
crease as the level of low-salt preference is higher [18]. In
Korea, the majority of studies are cross-sectional studies,
so it is difficult to find the results of prospective inter-
vention studies on the blood pressure lowering effects of
the decrease of salt intake. As for walking practice days a
week, hypertension prevalence was lowered in people
who practice walking 6 or more days a week compared to
those who practice walking 2 days or less a week. These re-
sults suggest that hypertension prevalence could be low-
ered if exercises are performed almost every day. Con-
sidering these results, although there was no significant
difference in the decrease of blood pressure in Song and
Kim [9], it is predicted that continuous exercise will gen-
erally lead to a significant increase in physical activity and
contribute to reduction of blood pressure and prevention
of complications of hypertension. Both in Model 1, which
included only individual-level factors, and in Model 2,
which included both individual-level and regional-level
factors, the relationships between the individual-level fac-
tors and hypertension were similar. This finding suggests
that individual-level factors and regional-level factors are
almost independently related to hypertension.

3. Regional-level Factors Affecting Hypertension
Prevalence

As a result of constructing a multilevel model, 1.43% of
hypertension was found to be caused by regional differ-
ences, and thus it was shown that hypertension preva-
lence could be changed not only by individual-level fac-
tors but also by regional-level factors. In an analysis of the
factors of urban characteristics affecting the health of resi-
dents in urban communities, Lee [21] showed that 3.06%
of hypertension was caused by regional differences. The
regional differences in hypertension prevalence reported
by Lee [21] were higher than 1.43% of this study, butitis a
result of analyzing hypertension prevalence in 40 small
and medium-sized cities. Since we studied hypertension
prevalence in metropolitan cities, the results of this study
is believed to reflect the regional characteristics of large
cities. In addition, Lee [21] reported that the regional effect
for EQ-5D (Euro Quality of life 5-Dimensions) in Seoul
was about 3.6% when ‘dong (neighborhood)’ was used as
the analysis unit, and Kim and Kang [5] reported that the
regional effect for BMI (Body Mass Index) in municipal-
ities (cities, counties, and districts) of the Seoul metropoli-
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tan area was estimated to be about 3.3%. Compared to the
results, the regional variance ratio of this study was small
[21]. The ICC value of 0.39% in this study indicates that
about 0.39% of the difference in hypertension prevalence
was due to the influence of the region which the subjects
belong to. It is also a correlation coefficient among the
members of the same region, so it can be said that hyper-
tension prevalence in the residents of Seoul and 6 Metro-
politan Cities has a correlation of about 0.39% with other
residents in the same region. It is thought that the analysis
unit of this study was too large to identify precise regional
differences. Thus, if smaller areas (eup, myeon, and dong)
are used as analysis units in a follow-up study, it will be
possible to elucidate regional effects related to specific re-
gional factors in a clearer manner. In addition, there are
specific compositional factors attributable to the residents
constituting each region [29], which is presumed to be the
reason why there were not great regional differences in
this study. As a result of the test for the multi-level model,
hypertension prevalence was decreased as the number of
doctors per 10,000 population was lower, and the number
of health care institutions was found to be unrelated to hy-
pertension prevalence. These results are not in agreement
with the findings of previous studies. In some previous
studies, the number of doctors and the number of medical
institutions in the region have been pointed out as the in-
dicators of the level of regional management of hyper-
tension [20]. The results inconsistent with previous studies
may indicate that although it is important to have the
medical institutions close to the residential area and to se-
cure sufficient medical manpower for early detection and
continuous management of hypertension patients in ur-
ban areas, the role of doctors, who play a role in the do-
main of social support by protecting the health of indi-
viduals and encouraging health-promoting behaviors, has
played a more decisive role than just the number of health
care institutions and physicians. As for the number of
parks, it was found that as the number of parks is smaller,
hypertension prevalence is likely to be increased. This re-
sult is consistent with Kim and Kang's [5] finding that
parks are a factor of urban environmental characteristics
affecting the obesity rate of individuals, and it suggests
that as the number of parks is smaller, the opportunities
for physical activity is reduced, and this may affect hyper-
tension prevalence. Regarding the relation between the
number of bicycle roads and hypertension prevalence, the
lower the number of bicycle roads, the lower hypertension
prevalence, but the extension of bicycle roads showed a
positive effect on hypertension prevalence. In this regard,
further investigation is needed to determine whether the
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number of bicycle roads and the extension of bicycle roads
are also factors related to hypertension prevalence by ob-
taining more detailed survey data and criteria on whether
the access to bicycle roads is convenient in the residential
area and whether there is a sufficient area of bicycle roads
to get exercise effects rather than considering just the
number and area of bicycle roads. It has been previously
shown that hypertension prevalence has a statistically sig-
nificant negative correlation with the percentage of obese
people [5]. As to the number of fast food restaurants, hy-
pertension prevalence was found to be 1.2 times higher in
people living in a region with 100 or fewer fast food restau-
rants than in people living in a region with 200 fast food
restaurants. In Kim and Kang [5], it was not a statistically
significant factor, but the results of their study were in the
opposite direction to the findings of this study. Therefore,
in future studies, it will be necessary to conduct analysis in
a more stringent manner by setting smaller regional units
such as dong (neighborhood) by using disaggregated data
or to investigate whether the influence of this factor may
vary depending on the type and size of fast food restau-
rants.

In this study, health behavior factors of individuals and
environmental factors of regions were identified as the
factors related to hypertension prevalence, but specific
analysis results on the direct and indirect relationships
among the factors of each level were not presented. Beca-
use this study is a cross-sectional study using secondary
data, it has the limitation that it cannot provide concrete
causal relationships between the factors representing each
level. In addition, it is thought that if panel data analysis is
conducted by repeatedly investigating hypertension prev-
alence over several years in the same individuals consider-
ing their residence periods in the region, it will enable clear-
er interpretations of the effects of regional-level factors

Dahlgren and Whitehead's model of the social determi-
nants of health, which was used as the conceptual frame-
work of this study, is a model that emphasizes the influ-
ence of the environment of the community in determining
the health status of individuals. It is an important attempt
to examine hypertension prevalence at different levels by
considering regional-level factors together with individual-
level factors unlike previous studies confined to the analy-
sis of individual-level factors. Although the influence of
regional variables was small, it was confirmed that they
influence the prevalence of hypertension independently
from individual-level variables. In addition, it is a mean-
ingful result that it was confirmed that the strategies for
prevention and management of hypertension should be es-
tablished by examining the spatial distribution of hyper-
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tension prevalence by si/gun/gu (city/county/district)
and considering both individual-level factors and region-
al-level factors at the same time.

CONCLUSION

In this study, we conducted a multi-level analysis of in-
dividual-level factors and regional-level factors affecting
hypertension prevalence in the residents of Seoul and 6
metropolitan cities in order to investigate the impact of
multiple levels including the context of behaviors at the in-
dividual-level and sociopsychological, organizational, and
environmental factors at the regional level based on Dahl-
gren and Whitehead's model of the social determinants of
health. As a result, it was found that individual-level fac-
tors and regional level factors almost independently influ-
ence hypertension prevalence. Based on the results of this
study, we present the following suggestions.

First, it is necessary to consider physical health determi-
nants such as parks and bicycle roads for the management
of hypertension when establishing plans related to healthy
city projects. Second, the structural limitations of sample
units inherent in the community health survey data (limi-
tations on the acquisition of data on submunicipalities
(eup/ myeon/dong), difficulty in obtaining other statisti-
cal data of municipalities (si, gun, and gu), and difficulty
in the aggregation of community health survey data and
statistics of municipalities should be dealt with by system-
atically constructing a database to help to establish urban
environmental variables. Third, it is necessary to conduct
research to analyze factors related to hypertension using
small research units and actual measurement data through
the combination of GIS technology for describing and vis-
ualizing the spatial distribution of spatial data and identi-
fying irregular locations and spatial outliers with spatial
regression analysis. Fourth, it is necessary to conduct a
study which can reflect the hierarchical characteristics of
data in a more concrete way by constructing a three level
multilevel model considering individual, yearly, and re-
gional factors. Finally, nurses in the local community need
to take a health promotion approach to hypertension con-
sidering regional characteristics as well as individual cha-
racteristics by utilizing these study results.

REFERENCES

1. Korea Centers for Disease Control and Prevention. Standard
practice guidelines for the registration and management of

hypertension and diabetes in 2015 [Internet]. Sejong: Ministry

10.

11.

12.

of Health and Welfare. 2015 [cited 2015 October 19]. Available
from:

http://www.cdc.go.kr/CDC/together/ CdcKrTogether0302.
jsp?menulds=HOME001-MNU1154-MNU0004-MNU0088&fid
=51&q_type=&q_value=&cid=65986&pageNum

. Korea Centers for Disease Control and Prevention. 2008-2015

Regional health statistics [Internet]. Cheongju: Korea Centers
for Disease Control and Prevention. 2016 [cited 2016 May 17].
Available from:
https://chs.cdc.go.kr/chs/sub03/sub03_01.do

.Leng B, Jin Y, Li G, Chen L, Jin N. Socioeconomic status and

hypertension: A meta-analysis. Journal of hypertension. 2015;
33(2):221-229.
https:// doi.org,/10.1097/HJH.0000000000000428

. Lee WH, Kim HO. Association between PM10 and prevalence

of hypertension: Using longitudinal analysis with 2009-2013
community health survey data. The Korean Journal of Public
Health. 2015;52(1):43-48.

. Kim EJ, Kang MG. Effects of built environment and individual

characteristics on health condition. Journal of the Korean Re-
gional Science Association. 2011;27(3):27-42.

. Le C, Chongsuvivatwong V, Geater A. Contextual socioeco-

nomic determinants of cardiovascular risk factors in rural
south-west China: A multilevel analysis. BioMed Central Pub-
lic Health. 2007;7(1):72.

https:// doi.org/10.1186/1471-2458-7-72

Park DY, Yoo SJ, Bae Y], Jo NH. Prevalence rate and associated
factors of hypertension in adults. The Journal of Kyungpook
Nursing Science. 2008;12(2):1-12.

. Centers for Disease Control and Prevention. Vital signs: Preva-

lence, treatment and control of hypertension-United States,
1999-2002 and 2005-2008. Morbidity and Mortality Weekly
Report. 2011;60(4):103-108.

. Song MS, Kim SH. Effects of a transtheoretical model based ex-

ercise behavior improving program on blood pressure and
physical activity for older adults with hypertension. The
Journal of the Korea Contents Association. 2011;11(12):364-377.
https://doi.org/10.5392/JKCA.2011.11.12.364

Song HJ, Jang SM, Shin SY. Patterns of medical care utilization
behavior and related factors among hypertensive patients:
Follow-up study using the 2003-2007 Korean Health Insurance
claims data. Korean Journal Health Education and Promotion.
2012;29(2):1-12.

Kim OS, Jeon HO, Kim DH, Kim BH, Kim HJ. Risk factors of
prehypertension in Korean adults: The Korean National Health
and Nutrition Examination Survey 2005. Korean Journal of
Adult Nursing. 2009;21(3):281-292.

Li H, Tong W, Wang A, Lin Z, Zhang Y. Effect of cigarette
smoking on blood pressure stratified by BMI in Mongolian
population, China. Blood Pressure. 2010;19(2):92-97.

Vol. 29 No. 4,2018 427


http://www.cdc.go.kr/CDC/together/CdcKrTogether0302.jsp?menuIds=HOME001-MNU1154-MNU0004-MNU0088&fid=51&q_type=&q_value=&cid=65986&pageNum

https:// doi.org/10.3109/08037050903516300

13. Chang DM, Park IS, Yang JH. Related factors of awareness,
treatment, and control of hypertension in Korea: Using the
Fourth Korea National Health and Nutrition Examination Sur-
vey. Journal of Digital Convergence. 2013;3(5):6-7.
https:// doi.org/10.14400/JDPM.2013.11.11.509

14. Lee KE, Cho EH. Factors influencing health related quality of
life in patients with hypertension: Based on the 5th Korean
National Health and Nutrition Examination Survey. The Jour-
nal of the Korea Contents Association. 2016;16(5):399-409.
https:// doi.org/10.5392 /JKCA.2016.16.05.399

15. Dahlgren G, Whitehead M. Policies and strategies to promote
social equity in health. Stockholm: Institute for future studies;
1991. 69 p.

16. Sallis JF, Owen N, Fisher E. Ecological models of health beha-
vior. Health behavior: theory, research, and practice. 5th ed.
SanFrancisco: Jossey-Bass Publishers; 2015. 552 p.

17. Lee EG. Factors associated with hypertension control in Ko-
rean adults: The Fifth Korea National Health and Nutrition
Examination Survey (KNHANES V-2). Journal of the Korean
Data Analysis Society. 2013;15(6):3203-3217.

18. Lee YS. Analysis of risk factors of hypertension and evaluation
of low-sodium - high-potassium nutrition education program
[dissertation]. [Seoul]: Dongkuk University; 2015. 200 p.

19. Kim GY. Drinking patterns impacting on prevalence risk of hy-
pertension [master's thesis]. [Seoul]: Seoul National Universi-
ty; 2015. 50 p.

20. Kim DH. Analysis of Small Area Variation of Health Behavior
using 2008 Community Health Survey in Korea. Research Re-
port. Seoul: Korea Centers for Disease Control and Prevention;
2010 November. Report No.: 2010E0072900.

21. Lee KH. A study on the correlation between city's built environ-
ment and residents' health: A case study of small and medium-
sized cities in Korea. Journal of the Korea Academialndustrial
cooperation Society. 2012;13(7):3237-3243.
https:// doi.org/10.5762/KAIS.2012.13.7.3237

22. Park CS. Effects of individual patient behavior and medical

care level on doctor's diagnosis of hypertension and therapeu-

428  Journal of Korean Academy of Community Health Nursing

Kim, Min Jung - Park, Nam Hee

tic compliance: A multilevel analysis [dissertation]. [Daejeon]:
Chungnam National University; 2014. 59 p.

23. Sarki AM, Nduka CU, Stranges S, Kandala NB, Uthman OA.
Prevalence of hypertension in low-and middle-income coun-
tries: A systematic review and meta-analysis. Medicine. 2015;
94(50):€1959. https:// doi.org/10.1097/MD.0000000000001959

24. Statistics Korea. Regional statistics [Internet]. Seoul: Statistics
Korea. 2015 [cited 2015]. Available from:
http://kosis.kr/index/index jsp

25. Guo J, Zhu YC, Chen YP, Hu Y, Tang XW, Zhang B. The dy-
namics of hypertension prevalence, awareness, treatment, con-
trol and associated factors in Chinese adults: Results from
CHNS 1991-2011. Journal of Hypertension. 2015;33(8):1688-1696.
https:// doi.org/10.1097/HJH.0000000000000594

26. Hwang Ik, Ko YG, Kim JH, Yoon TH, Kim CH. Small area
health indicators for community-based public health projects.
Research Report. Busan: Busan public Health policy Institute;
2017 April. Report No.: 2017-2.

27. Ewing R, Schmid T, Killiingsworth R, Zlot A, Raudenbush S.
Relationship between urban sprawl and physical activity, obe-
sity, morbidity. American Journal of Health Promotion. 2003;
18(1):47-57. https:// doi.org/10.4278 /0890-1171-18.1.47

28. Oh WS, Nguyen CH, Kim SM, Sohn JW, Heo J. Spatial auto-
correlation of disease prevalence in south korea using 2012
community health survey data. Journal of the Korean Society
of Surveying, Geodesy, Photogrammetry and Cartography.
2016;34(3):253-262.
https:// doi.org/10.7848 / ksgpc.2016.34.3.253

29. Lee GH. The regional health inequity, and individual and neigh-
borhood level health determinants. Health and Social Welfare
Review. 2016,36(2):345-384.
https:// doi.org/10.15709/hswr.2016.36.2.345

30. Shankardass K, Jerrett M, Dell SD, Foty R, Stieb D. Spatial ana-
lysis of exposure to traffic-related air pollution at birth and
childhood atopic asthma in Toronto, Ontario. Health & Place.
2015;34:287-295.
https:// doi.org/10.1016/j.healthplace.2015.06.001





