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INTRODUCTION

Achieving health equity is a pressing current issue. It involves 
resolving health inequalities, which are the differences in health 

status between different populations [1]. It can ultimately increase 
the national lifespan. An example of health inequalities is the dif-
ferences in health status among populations of different regions 
[2]. Large variations in health indicators and health determinants 
are seen across regions [3,4], yet research on the factors associated 
with the regional health status is rare. While research results that 
consider these factors have been published, most studies have 
dealt with chronic diseases [5-9]. While chronic diseases have re-
ceived much attention, and have been consistently managed na-
tionally, mental disorders have often been overlooked as being 
unimportant and have not been actively managed despite the fact 
them being an issue that not only affects individuals, but the soci-
ety as a whole [10]. Incidence of depression, one of the most com-
mon mental disorders, has shown large regional variations among 
different populations [11,12], necessitating research on its regional 
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since regional health promotion programs are often in the form of 
a long-term intervention.

The lifetime diagnosis of depression and the rate of experienc-
ing depressive symptoms are some of the indicators of depression 
investigated in the KCHS. The lifetime diagnosis of depression is 
dependent on the physicians’ diagnoses, and is a measure of the 
number of cases of confirmed illness. However, it only applies to 
cases where patients visit a hospital or clinic on their own to re-
ceive the diagnosis, such that, considering the nature of mental 
disorders, its prevalence more likely to be underestimated than 
that of other diseases, is higher than the diagnosis of other diseas-
es, and is associated with many confounding factors. Conversely, 
as an indicator of the underlying emotions of depression, the rate 
of experiencing depressive symptoms is not necessarily diagnosed 
by a physician, but based on responses to the questionnaire ques-
tion, “Have you felt sadness or despair that continuously interfered 
with your daily life for more than two weeks in the last one year?”, 
which can actually reflect some diagnostic criteria of depression, 
and thus, has been selected as a dependent variable to explain de-
pression. The Diagnostic and Statistical Manual of Mental Disor-
ders of the American Psychiatric Association defines depression 
as when five or more of the following symptoms continue for two 
weeks, and changes in functional ability occur: a continuous feel-
ing of depression throughout an entire day, loss of all kinds of joy 
and interest, significant weight loss due to loss of appetite, insom-
nia or hypersomnia that continue for days, psychomotor changes, 
fatigue or loss of energy, a feeling of worthlessness or unreasona-
ble guilt, impaired thinking, concentration and judgment, and re-
peated suicidal ideation and planning [27]. 

After reviewing prior study associated with depression, indica-
tors were selected as the independent variables. Indicators highly 
correlated with the dependent variables were subsequently selected.

A total of 50 available variables including the dependent varia-
bles were finally selected, and a total of 215 administrative districts 
were targeted for the study by adjusting the definition of a district 
based on the criteria in 2013 if there was a discrepancy in the num-
ber of administrative districts between the data of 2011 and 2013 
due to the merging of administrative districts during the period. 

Statistical analysis 
All indicators were directly standardized by sex after dividing 

the subjects into age groups with an age gap of 10 years for accu-
rate comparisons between regions. 

A correlation analysis was performed to verify the association 
between the indicators that were determined to be associated with 
depression based on literature review and the rate of experiencing 
depressive symptoms. Variables with an absolute value greater 
than or equal to 0.2 at the level of significance of 5% were subject-
ed to spatial analysis. Of the variables whose correlation with de-
pressive symptoms was below the significance level, those with a 
possibility for an intervention or were considered to be quite im-
portant in healthcare were included in the analysis. 

The data of administrative areas were used in this study. Because 

prevalence. 
Depression has previously been reported to damage an individ-

ual’s social and physical peace more significantly than chronic dis-
eases [13], and negatively affect family relationships and social life, 
compromising the overall quality of life, and causing suicide in 
10-15% of patients that it affects [14]. The rate of suicide in the 
same year was 27.3 per 100,000 persons in Korea, more than twice 
that of the mean rate of suicide of the Organization for Economic 
Cooperation and Development countries. In a study on global 
burden of diseases, major depressive disorder was ranked 15th 
among 291 diseases in terms of disability adjusted life years (DALY) 
[15], and moved to the 11th position in 2010. The DALY is the 
sum of years of life lost and years lived with disability (YLD). The 
YLD of Korea was ranked 3rd in 1990, and 2nd in 2013, indicat-
ing that while depression is not a critical cause of death, it can sig-
nificantly negatively affect an individual’s well-being. Not only is 
depression a major cause of suicide, but it can also produce other 
negative results. Therefore, depression must be managed to im-
prove the nation’s quality of life and for the sake of long-term na-
tional development. 

Depression is associated with individuals’ biological vulnerabil-
ity (age and sex) [16,17], social capital [18,19] including participa-
tion in social activities [20] and environment of trust in a commu-
nity [21,22], and various health behaviors [10] such as having a 
chronic disease [23,24], smoking [25], drinking, exercising, and 
sleeping hours. Large variations in the distribution of these factors 
that affect depression have been observed [26], suggesting that there 
may be regional differences in the prevalence of depression. Gain-
ing insights into these factors, which can be controlled through an 
intervention, is a meaningful approach toward health promotion. 

In the present study, we aim to identify health determinants that 
require regional intervention by analyzing regional variations of 
depression and propose a methodology and method of presenta-
tion of research results that can be used in future research on re-
gional disparities in health status. 

MATERIALS AND METHODS

Materials
To investigate the associations between regional characteristics 

and depression, the latest data from the Korea Community Health 
Surveys (KCHS) for each administrative district in 2013 were used. 
However, considering the possibility of reverse causation between 
the health behavior variables and the dependent variables due to 
the nature of the topic in this study, the data in 2013 was used for 
the dependent variables, and for the independent variables, the 
mean value of the data in 2013 and 2011 was used as some data 
had been collected in every two years. Considering that repeated 
cross-sectional survey data consisting of independent samples in 
each year were used, there is a possibility of errors in determining 
the sample size and conducting the survey [7], which would re-
quire adjustments, and it was determined that data obtained from 
multiple years were more appropriate than those from a single year 
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the effects of the factors that were actually associated with depres-
sion could be reduced by the arbitrary classification of adminis-
trative areas, physical proximity between the areas had to be con-
sidered. Accordingly, we checked if regions of similar degrees of 
variations were adjacent to one another by calculating Moran’s I 
to investigate spatial patterns measured with an interval scale. Af-
ter confirming spatial autocorrelation based on Moran’s I, we per-
formed a geographically weighted regression analysis (GWR). The 
adequacy of a model is affected by the bandwidth settings. A fixed 
kernel is used for samples showing regular patterns of distribution, 
and an adaptive kernel is used for samples with irregular patterns 
of distribution to increase the adequacy of the model [28]. In this 
study, because the distances between areas were not uniform, small 
bandwidths had to be used for areas close to one another, and large 

bandwidths for areas relatively far from each other. For this, we 
used an adaptive kernel to set the bandwidth and an Akaike’s in-
formation criterion (AIC), which is generally easy to use, to assess 
the adequacy of our models. 

The GWR model consisted of three domains. The variables of 
each domain were analyzed, and those found to be statistically 
significantly correlated with depressive symptoms were used to 
construct a final model. This was to reduce bias for each adminis-
trative area since the number of primary variables included in the 
model is limited by the strict criteria for multicollinearity. All sta-
tistical analyses were performed using ArcGIS version 10.1 (ESRI, 
Redlands, CA, USA). 

To identify the variables with significant influences in each re-
gion among the variables found to be associated with depressive 

Table 1. Descriptive statistics of indicators related to depression

Indicators Mean Min Max SD Extremal 
quotient

Rate of experiencing depressive symptoms 5.07 1.05 10.80 2.13 10.29
Rate of exposure to secondhand smoke at home 11.21 4.30 22.00 2.99 5.12 
Annual rate of drinking 73.53 53.25 82.75 5.93 1.55 
Monthly rate of drinking 58.18 41.45 65.75 4.40 1.59 
Age at drinking onset (yr) 21.23 20.05 22.65 0.49 1.13 
Rate of walking 40.55 15.25 69.30 10.44 4.54 
Rate of performing vigorous exercise 14.46 7.35 31.80 3.92 4.33 
Rate of performing muscle strengthening exercise 18.28 6.15 33.15 3.96 5.39 
Rate of performing moderate to high intensity physical activities 13.49 3.60 54.45 7.80 15.13 
Level of fruit consumption 42.43 20.95 69.00 7.68 3.29 
Weekly breakfast intake frequency of 1-2 times 5.94 1.85 9.50 1.57 5.14 
Rate of consulting a psychologist due to stress 5.48 0.80 12.65 2.00 15.81 
Perceived stress level 27.11 15.05 35.55 3.89 2.36 
Rate of sleeping less than 6 hours per day 42.89 25.30 54.05 6.17 2.14 
Rate of lifetime diagnosis of hypertension 14.89 10.95 19.50 1.66 1.78 
Rate of lifetime diagnosis of diabetes 5.69 4.00 8.20 0.75 2.05 
Rate of lifetime diagnosis of cerebral infarction (stroke) 1.08 0.50 2.20 0.29 4.40 
Rate of lifetime diagnosis of myocardial infarction 0.79 0.25 1.40 0.23 5.60 
Rate of lifetime diagnosis of atopic dermatitis 2.88 0.30 6.15 1.02 20.50 
Rate of lifetime diagnosis of allergic rhinitis 12.88 1.85 21.25 3.70 11.49 
Rate of lifetime diagnosis of asthma 2.10 0.80 3.80 0.59 4.75 
Rate of lifetime diagnosis of angina 1.06 0.40 1.95 0.28 4.88 
Rate of not receiving necessary medical services 13.61 2.70 25.30 3.41 9.37 
Contact with social networks (neighbors) less than once per month 33.31 0 68.70 17.61 0.00 
Leisure environment 29.30 14.30 61.35 7.47 4.29 
Religious environment 26.13 11.15 44.10 6.41 3.96 
Social environment 56.77 40.00 77.85 7.44 1.95 
Public transit environment 65.05 29.00 93.10 14.45 3.21 
Supportive environment 51.87 15.40 95.65 22.90 6.21 
Trust environment 66.41 39.65 97.90 11.49 2.47 
Safety environment 75.35 48.50 95.05 9.56 1.96 
Healthcare environment 62.82 23.35 90.40 13.33 3.87 
Natural environment 80.30 36.60 97.80 11.51 2.67 

Min, minimum; Max, maximum; SD, standard deviation. 
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symptoms in the GWR analysis, regression coefficients for all ad-
ministrative areas were converted to Z-scores and compared. The 
Z-score is a standardized score, and the deviation score from the 
mean score were divided by the standard deviation of the distri-
bution for relative comparison. The Z-score was calculated for 
each variable for all administrative areas, and ranked to identify 
the variables with the highest ranking in each area. 

RESULTS

Regional differences in the depression-associated 
factors

In case of extreme expenses to identify regional differences, The 

rate of performing moderate to high intensity physical activities, 
The rate of consulting a psychologist due to stress, The rate of life-
time diagnosis of atopic dermatitis and allergic rhinitis were high 
(Table 1).

Spatial correlation of cluster types by region
Thirty three variables were found to be significantly correlated 

with the rate of experiencing depressive symptoms at a significance 
level of 5% in a correlational analysis. The rate of lifetime diagno-
sis of allergic rhinitis was the most correlated with that of feeling 
depressed with a correlation coefficient of 0.65 (Table 2). 

Most variables selected from the correlation analysis were sig-
nificantly positively autocorrelated at a significance level of 5% in 

Table 2. Correlation between indicators and depression and spatial autocorrelation

Indicators
Correlation Spatial autocorrelation

Coefficient p-value Moran’s I Z-score p-value

Rate of experiencing depressive symptoms - - 0.34 27.85 <0.001
Rate of lifetime diagnosis of depression - - 0.06 5.47 <0.001
Rate of exposure to secondhand smoke at home 0.24 0.0001 0.03 3.18 0.002
Rate of exposure to secondhand smoke in public 0.41 <0.001 0.20 16.74 <0.001
Annual level of drinking 0.51 <0.001 0.33 26.96 <0.001
Monthly level of drinking 0.46 <0.001 0.32 26.09 <0.001
Age at drinking onset (years) -0.49 <0.001 0.36 29.46 <0.001
Rate of walking 0.20 0.001 0.37 30.25 <0.001
Rate of performing rigorous physical activities -0.29 <0.001 0.06 5.39 <0.001
Rate of performing muscle strengthening exercise 0.55 <0.001 0.43 34.63 <0.001
Rate of performing moderate to high intensity physical activities -0.35 <0.001 0.28 22.63 <0.001
Level of fruit consumption 0.33 <0.001 0.28 23.05 <0.001
Weekly breakfast intake frequency of 1-2 times 0.59 <0.001 0.37 30.09 <0.001
Rate of consulting a psychologist due to stress 0.45 <0.001 0.10 8.32 <0.001
Perceived stress level 0.57 <0.001 0.32 25.96 <0.001
Rate of sleeping less than 6 hours per day 0.58 <0.001 0.59 47.30 <0.001
Rate of lifetime diagnosis of hypertension 0.35 <0.001 0.59 47.30 <0.001
Rate of lifetime diagnosis of diabetes 0.21 0.002 0.06 4.98 <0.001
Rate of lifetime diagnosis of cerebral infarction (stroke) 0.20 0.001 0.03 3.04 0.002
Rate of lifetime diagnosis of myocardial infarction 0.37 <0.001 0.04 3.83 <0.001
Rate of lifetime diagnosis of atopic dermatitis 0.59 <0.001 0.54 43.12 <0.001
Rate of lifetime diagnosis of allergic rhinitis 0.65 <0.001 0.42 34.14 <0.001
Rate of lifetime diagnosis of asthma 0.41 <0.001 0.12 10.26 <0.001
Rate of lifetime diagnosis of angina 0.23 <0.001 0.07 5.81 <0.001
Rate of not receiving necessary medical services 0.40 <0.001 0.00 0.38 0.70
Contacting social networks (neighbors) less than once per month 0.47 <0.001 0.51 40.66 <0.001
Leisure environment 0.41 <0.001 0.34 27.47 <0.001
Religious environment 0.24 <0.001 0.44 27.47 <0.001
Social environment -0.47 <0.001 0.39 31.12 <0.001
Public transit environment 0.28 <0.001 0.41 33.38 <0.001
Supportive environment -0.47 <0.001 0.49 39.61 <0.001
Trust environment -0.55 <0.001 0.50 40.42 <0.001
Safety environment -0.47 <0.001 0.31 25.42 <0.001
Healthcare environment 0.14 0.002 0.22 18.16 <0.001
Natural environment -0.40 <0.001 0.33 26.40 <0.001
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the spatial autocorrelation analysis, and were deemed adequate 
for a GWR analysis. The rate of experiencing depressive symp-
toms, which was a dependent variable, had a Moran’s I value of 
0.34, and exhibited clustering (Table 2). 

Community characteristics and feelings of depression
To investigate the factors that are closely associated with depres-

sive symptoms among various factors of health science, we con-
structed the final model shown below. The variables in the equa-
tion were written in the order of the highest correlation with the 
rate of depressive symptoms.

Y (rate of experiencing depressive symptoms)
=  B0+B1 (rate of diagnosis of myocardial infarction) 

+B2 (rate of lifetime allergic rhinitis) 
+B3 (weekly breakfast intake frequency of 1-2 times) 
+B4 (perceived stress level)  
+B5 (environment of trust in community)+ε

The five variables included in the model were all significantly 
correlated with the rate of experiencing depressive symptoms. 
The rate of lifetime diagnosis of myocardial infarction was the 
most correlated. In some areas, the rate of lifetime diagnosis of 
myocardial infarction increased by 1%, and that of experiencing 
depressive symptoms increased by 1.21% (p= 0.002). This corre-
lation was the most significant in Seoul Metropolitan City, Incheon 
Metropolitan City, and Gyeonggi-do, and the least significant in 
Jeollanam-do and the southern region of Gyeongsangnam-do. 
For every 1% increase in the mean rate of lifetime diagnosis of al-
lergic rhinitis, one of the variables in the disease contraction do-
main, the rate of experiencing depressive symptoms increased by 
0.17%. Unlike myocardial infarction, the correlation between al-
lergic rhinitis and the rate of experiencing depressive symptoms 
was the least significant in the capital area, and was the most sig-
nificant in Gyeongsang Province. The weekly breakfast intake fre-

quency of 1-2 times had a reduced correlation in the final model 
that considered the effects of disease contraction, and the social 
and physical environments in comparison to the model that only 
considered health behaviors. However, the rate of experiencing 
depressive symptoms was found to significantly increase with the 
rate of the weekly breakfast intake frequency of 1-2 times per week, 
indicating that populations with infrequent breakfast intakes are 
at higher risk for experiencing depressive symptoms (Table 3). 
The perceived stress level was the most correlated with the rate of 
experiencing depressive symptoms in Seoul Metropolitan City, In-
cheon Metropolitan City, and relatively less correlated in Gyeong-
sang Province. Among the social and physical environments, the 
public transit environment showed similar distributions of the 
correlation coefficient as the rate of lifetime diagnosis of allergic 
rhinitis; it was the least correlated with the rate of experiencing 
depressive symptoms in the capital area, and the most correlated 
in Gyeongsang Province (Figure 1). Comparison between the 
variables in the final model and those in the individual model of 
each domain showed differences in the correlation coefficients, 
but similar regional distributions between the variables, confirm-
ing the validity of the models. However, opposite results were ob-
tained for the correlations between public transit environment 
and regional distribution, indicating that the influence of the for-
mer was not sufficiently explained in the analysis of the models of 
different domains. 

The five variables were associated with the rate of experiencing 
depressive symptoms to varying degrees, and the ranking of these 
variables by their correlational levels varied across regions. In all 
regions, the rate of lifetime diagnosis of myocardial infarction was 
the most correlated with the rate of experiencing depressive symp-
toms, while the public transit environment was the least correlat-
ed. The regions were divided into two groups according to the 
ranking of the variables by their level of correlation with the rate 
of experiencing depressive symptoms (Figure 2). 

Rankings of the variables by the level of correlation with the 

Table 3. Association between community characteristics and depression

Model
GWR (n=251) OLS (n=251)

Mean Min Max SD B p-value

Constant -1.88 -3.31 -0.42 1.04 -1.98 0.001
Rate of lifetime diagnosis of myocardial infarction 1.21 0.48 1.59 0.34 1.12 0.002
Rate of lifetime diagnosis of allergic rhinitis 0.17 0.13 0.23 0.03 0.18 <0.001
Weekly breakfast intake frequency of 1-2 times 0.26 0.17 0.35 0.05 0.24 <0.001
Perceived stress level 0.10 0.07 0.13 0.02 0.10 <0.001
Public transit environment -0.01 -0.02 0.00 0.01 -0.01 0.006
R-squared 0.58 0.54
Adjusted R-squared 0.55 0.53
AIC 808.71 815.42
Normality (Jarque-Bera) 7.06*
Homoscedasticity (Koenker-Bassett)  9.25

GWR, geographically weighted regression; OLS, ordinary least square; Min. minimum; Max, maximum; SD, standard deviation; AIC, Akaike’s informa-
tion criterion. 
*p<0.05
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Figure 1. Regression coefficient based on GWR.

The weekly breakfast intake frequency of 
1-2 times

The perceived stress level

Figure 1. Regression coefficient based on geographically 
weighted regression (A) rate of lifetime diagnosis of myocar-
dial infarction, (B) rate of lifetime diagnosis of allergic rhini-
tis, (C) weekly breakfast intake frequency of 1-2 times, (D) 
perceived stress level, and (E) public transit environment.

Figure 1. Regression coefficient based on GWR.
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myocardial infarction

The rate of lifetime diagnosis of 
allergic rhinitis
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Figure 1. Regression coefficient based on GWR.

The weekly breakfast intake frequency of 
1-2 times

The perceived stress level
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Figure 1. Regression coefficient based on GWR.
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Table 4. Comparative analysis of models

Model Comparative analysis Model 11 Model 22 Model 33 Model 44

GWR R-squared 0.53 0.52 0.35 0.58
Adjusted R-squared   0.50 0.50 0.33 0.55
AIC 839.36 833.14 905.07 808.71

OLS R-squared   0.48 0.50 0.31 0.54
Adjusted R-squared   0.47 0.49 0.35 0.53
AIC 847.83 836.32 913.91 815.42
Koenker statistics 19.08* 5.74 5.58 7.06*
Jarqure-Bera statistics 4.39 5.23 6.54 9.25

GWR, geographically weighted regression; OLS, ordinary least square; 
AIC, Akaike’s information criterion.  
1A model consisting of health behavior indicators.
2A model consisting of disease indicators.
3A model consisting of social-physical environment indicators.
4Final model.
*p<0.05.

Figure 3. Classification based on the relative ranking of influence 
factors.

Figure 3. Classification based on the relative ranking of influence factors.

The rate of lifetime diagnosis of myocardial infarction

The rate of lifetime diagnosis of allergic rhinitis

The weekly breakfast intake frequency of 1-2 times

The perceived stress level

Public transit environment

Figure 3. Classification based on the relative ranking of influence factors.

The rate of lifetime diagnosis of myocardial infarction

The rate of lifetime diagnosis of allergic rhinitis

The weekly breakfast intake frequency of 1-2 times

The perceived stress level

Public transit environment

Rate of lifetime diagnosis of myocardial infarction
Rate of lifetime diagnosis of allergic rhinitis
Weekly breakfast intake frequency of 1-2 times
Perceived stress level
Public transit environment

rate of experiencing depressive symptoms were compared across 
the regions. The rate of lifetime diagnosis of myocardial infarction 
was ranked first in Gangwon-do, Chungcheongbuk-do, Jeollan-
am-do, and Gyeongsangnam-do. The rate of lifetime diagnosis of 
allergic rhinitis was ranked first in Gyeongsangbuk-do. The weekly 
breakfast intake frequency of 1-2 times was ranked first in Chung-
cheongnam-do and Ulsan Metropolitan City. The perceived stress 
level was ranked first in Seoul Metropolitan City, Incheon Metro-
politan City, Gyeonggi-do, and Jeollabuk-do. The public transit 
environment was ranked first in five regions including Seoul Met-
ropolitan City (Figure 3). 

Adequacy of the model
The GWR and ordinary least square (OLS) results of the three 

models for correlations between depressive symptoms and each 
domain, and the final model constructed based upon these mod-
els were compared. The R2-value, which describes the explanatory 
power of a model, was significantly high for all four models in GWR 
than OLS. However, the adjusted R2-value was slightly higher for 
the three models of the social and physical environments in OLS. 
AIC value, which measures the adequacy of a model, was lower 
in GWR than OLS for all models. Based on the overall results re-
garding the explanatory power and adequacy of the models, we 
decided that GWR analysis was more appropriate (Table 4). 

Comparison of the models of different domains showed that 

model 4 or the final model had the highest explanatory power. 
Also model 4 had the lowest AIC value was therefore the most 
adequate. A Jarqure-Bera test was performed to determine 
whether OLS models satisfied the assumption of normality of the 
error distribution. The statistics of Jarqure-Bera for all four mod-
els were not statistically significant, meaning that the assumption 
was satisfied in all these models. The Koenker statistics, which 
tests the homoscedascity, were statistically significant for models 
1 and 4, indicating that the correlations between the dependent 
variables and the explanatory variables were non-stationary, and 
exhibited spatial heterogeneity among the regions (Table 4). 

Figure 2. Classification based on the ranking of influence factors.

Figure 2. Classification based on the ranking of influence factors.

Group 1 :the rate of lifetime diagnosis of myocardial infarction > the rate of lifetime diagnosis of allergic rhinitis > the weekly breakfast
intake frequency of 1-2 times > the perceived level of stress > the public transit environment

Group 2 :the rate of lifetime diagnosis of myocardial infarction > the weekly breakfast intake frequency of 1-2 times > the rate of lifetime 
diagnosis of allergic rhinitis > the perceived level of stress > the public transit environment

Figure 2. Classification based on the ranking of influence factors.

Group 1 :the rate of lifetime diagnosis of myocardial infarction > the rate of lifetime diagnosis of allergic rhinitis > the weekly breakfast
intake frequency of 1-2 times > the perceived level of stress > the public transit environment

Group 2 :the rate of lifetime diagnosis of myocardial infarction > the weekly breakfast intake frequency of 1-2 times > the rate of lifetime 
diagnosis of allergic rhinitis > the perceived level of stress > the public transit environment

Rate of lifetime diagnosis of myocardial infarction > rate of lifetime diagnosis of al-
lergic rhinitis > weekly breakfast intake frequency of 1-2 times > perceived level of 
stress > public transit environment

Rate of lifetime diagnosis of myocardial infarction > weekly breakfast intake fre-
quency of 1-2 times > rate of lifetime diagnosis of allergic rhinitis > perceived level 
of stress > public transit environment

Figure 2. Classification based on the ranking of influence factors.

Group 1 :the rate of lifetime diagnosis of myocardial infarction > the rate of lifetime diagnosis of allergic rhinitis > the weekly breakfast
intake frequency of 1-2 times > the perceived level of stress > the public transit environment

Group 2 :the rate of lifetime diagnosis of myocardial infarction > the weekly breakfast intake frequency of 1-2 times > the rate of lifetime 
diagnosis of allergic rhinitis > the perceived level of stress > the public transit environment
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DISCUSSION

In this study, the extremal quotients of the rate of lifetime diag-
nosis of chronic disease, diabetes, cerebral infarction (stroke), and 
myocardial infarction were 1.78, 2.05, 4.40, and 5.60, respectively, 
and did not vary greatly among the areas. Conversely, the rate of 
experiencing depressive symptoms showed an extremal quotient 
value of 10.29 and huge regional disparities. The regional analysis 
of the rate of experiencing depressive feelings was thus meaningful. 

Data of each administrative area were analyzed. However, there 
was a possibility of errors in which the effects of factors that were 
actually associated with depressive symptoms were reduced due 
to the arbitrary classification of administrative areas. Furthermore, 
to reflect the reality of the modern society in which people frequent-
ly change their residential, workplace, and academic environments 
due to the development of public transit, the influence of distances 
that could be travelled had to be considered. A GWR analysis was 
performed to minimize these errors and satisfy the assumption of 
normality of error distribution. 

In the analysis of the models of different domains, no signifi-
cant differences in the coefficient of determination, which meas-
ures the explanatory power of a model, and the AIC value, which 
assess the adequacy of a model, were found between the models 
of health behavior and disease contraction, and the final model. 
This means that health behaviors and disease contraction are close-
ly associated with depressive symptoms, and the variables of these 
models reflected regional characteristics that were not included to 
a certain extent. However, the explanatory power and adequacy of 
the model of the social and physical environments were signifi-
cantly lower than those of the final model, meaning that experi-
ence of depressive symptoms cannot be explained by environmen-
tal factors alone. While numerous studies have explained the as-
sociations between various health behaviors including smoking 
and drinking, and depression [25], most variables of smoking and 
drinking could not explain the rate of experiencing depressive symp-
toms in the present study. The perceived stress level was a factor 
that influenced the incidence of depressive symptoms as is report-
ed in previous studies [29,30]. However, the results of this study 
regarding the correlation between depressive symptoms and exer-
cise were contrary to those of a previous study [10]. In this study, 
as the standardized rate of walking increased, the rate of experi-
encing depressive symptoms increased; however, this correlation 
was not statistically significant, and could not be clearly explained. 
The weekly breakfast intake frequency of 1-2 times appears to ex-
plain a regular lifestyle rather than a nutritional status. A study has 
previously reported high incidence of depression in subjects with 
irregular breakfast intake [10]. An analysis of correlations between 
other diseases and depressive symptoms showed no significant 
correlation between chronic diseases such as diabetes and experi-
ence of depressive symptoms. This may be because while chronic 
diseases are considerably important, they are nationally well-man-
aged today [31], and do not substantially interfere with daily ac-
tivities. Myocardial infarction, which was shown to have a signifi-

cant influence on experience of depressive symptoms, affects a vi-
tal organ of the body, and its recurrence can be lethal [32]. Man-
agement of myocardial infarction greatly restricts daily activities, 
and may be thought to be associated with psychological problems 
[33]. The rates of lifetime diagnosis of atopic dermatitis and aller-
gic rhinitis were also significantly associated with experience of 
depressive symptoms. This is consistent with the results of a previ-
ous study in which depression levels and hostility were high among 
subjects with allergic diseases [34]. While atopic dermatitis has 
been a disease of interest in the modern society and has been ac-
tively managed, allergic rhinitis either causes serious impairments 
or symptoms commonly experienced by many people; hence, the 
seriousness of allergic rhinitis has been overlooked. However, ap-
proximately 80% of all patients with atopic dermatitis develop res-
piratory or allergic diseases such as asthma and rhinitis [35]. There-
fore, the two diseases may be highly associated with one another 
in terms of their physiological mechanisms, and management of 
allergic rhinitis is necessary.

The social and physical environments were associated with ex-
perience of depressive symptoms to a certain degree. Regarding 
the public transit environment, as the level of satisfaction with the 
public transit increased, the rate of experiencing depressive symp-
toms decreased. Considering that urbanization and the develop-
ment of public transit are positively correlated, the incidence of 
depressive symptoms can be estimated to be higher in non-urban 
areas. This interpretation is consistent with results of numerous 
studies that have assessed the gravity of depressive symptoms in 
rural areas [36,37]. 

In this study, rankings of the variables associated with depres-
sive symptoms varied across regions. The rankings for the eastern 
region of Gyeongsang Province were different from those of other 
regions. In most regions, depressive symptoms were more corre-
lated with disease-related variables than health behaviors, whereas 
the rate of lifetime diagnosis of myocardial infarction was the most 
correlated in the eastern region of Gyeongsang Province, followed 
by breakfast intake frequency. Ranking variables based on the sig-
nificance of their correlation with a variable of interest is impor-
tant for determining priorities and budget allocation in regional 
projects, and identifying regions with high levels of correlation is 
important for national projects. 

However, because regions or populations were the unit of anal-
ysis in this epidemiological study, there is a possibility of ecologi-
cal errors. Therefore, while the results of this study may be useful 
for the initial investigation process of targets of health services in 
regional interventional projects, more detailed analyses are neces-
sary to use the results to select intervention targets that are actual-
ly effective. 

Comparison of the explanatory power and adequacy of the mod-
els showed that OLS is more appropriate than GWR in an analysis 
that considers regional disparities and physical proximity. Health 
behaviors and disease contraction, whose close associations with 
depressive symptoms could be indirectly explained through com-
parison of the models of different domains and their explanatory 
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power, had smaller explanatory power than the final model, but 
the difference was not statistically significant. Conversely, the ex-
planatory power of the social and physical environments was sig-
nificantly lower than the final model, demonstrating that depres-
sive symptoms cannot be explained based on the social and phys-
ical environments alone. Moreover, the validity of the methodol-
ogy used to establish the final model consisting of general health 
indicators was confirmed by constructing a model for each do-
main. 

While the GWR analysis used in this study can produce results 
that reflect spatial heterogeneity through the use of geographical 
information, it puts a huge limitation during the process of build-
ing the models. By constructing a model for effective prevention 
and management projects for depressive symptoms through suf-
ficient literature review and consideration of the possibility for in-
tervention, basic research data that are more accurate and valid 
than those obtained from a conventional regression analysis may 
be obtained. Despite this limitation, the present study is meaning-
ful in that it is an empirical study on depressive symptoms using a 
methodology that is not yet widely used in the field of public health, 
and that it considers the impact of regional variations. Effective 
regional health promotion programs may be planned based on 
the basic research data obtained in this study. 

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare for this study.

SUPPLEMENTARY MATERIAL

Supplementary material (Korean version) is available at http://
www.e-epih.org/.

ORCID

Hyungyun Choi: http://orcid.org/0000-0002-6134-3504; Ho Kim: 
https://orcid.org/0000-0001-7472-3752

REFERENCES 

1. Yoon TH. Regional health inequalities in Korea: the status and 
policy tasks. J Crit Soc Welf 2010;30:49-77.

2. Kim HY. Community inequalities in health: the contextual effect 
of social capita. Korean J Sociol 2010;44:59-92 (Korean).

3. Ko SJ. Factors of health inequalities by residential area differences. 
Natl Assoc Korean Local Gov Stud 2010;12:169-195 (Korean).

4. Kim SY, Yoon KC. An analysis of the regional differences of health 
inequality and the exploration of the factors causing the differenc-
es. Korean J Local Gov Stud 2012;15:31-57 (Korean).

5. Seok HS, Kang SH. A study on the regional variation factor of hy-
pertension prevalence. Health Soc Welf Rev 2013;33:210-236 (Ko-
rean).

6. Kim YM, Cho DG, Kang SH. An empirical analysis on geograph-

ic variations in the prevalence of diabetes. Health Soc Welf Rev 
2014;34:82-105 (Korean).

7. Kim Y, Cho D, Hong S, Kim E, Kang S. Analysis on geographical 
variations of the prevalence of hypertension using multi-year 
data. J Korean Geogr Soc 2014;49:935-948 (Korean).

8. Kim YM, Kang SH. Changes and determinants affecting on geo-
graphic variations in health behavior, prevalence of hypertension 
and diabetes in Korean. J Digit Converg 2015;13:241-254 (Kore-
an).

9. Kim YM, Kang SH. Convergence analysis of determinants affect-
ing on geographic variations in the prevalence of arthritis in Ko-
rean women using data mining. J Digit Converg 2015;13:277-288 
(Korean).

10. Lee JH, Park KS, Kim RB, Kim BJ, Chun JH. The influence of in-
dividual-level social capital on depression. J Agric Med Commu-
nity Health 2011;36:73-86 (Korean).

11. Min SY. Depression, self-esteem, and quality of life in a commu-
nity population. J Korean Acad Psychiatr Ment Health Nurs 2010; 
19:1-10 (Korean).

12. Nam IS, Hyun DW. An analysis of gender differentials in depres-
sion: the impact of inequality. Korean Soc Secur Stud 2014;30:143-
163 (Korean).

13. Wells KB, Stewart A, Hays RD, Burnam MA, Rogers W, Daniels 
M, et al. The functioning and well-being of depressed patients. 
Results from the Medical Outcomes Study. JAMA 1989;262:914-
919.

14. World Health Organization. The world health report 2001- men-
tal health: new understanding, new hope [cited 2017 Jul 31]. 
Available from: http://www.who.int/whr/2001/en/.

15. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud 
C, et al. Disability-adjusted life years (DALYs) for 291 diseases 
and injuries in 21 regions, 1990-2010: a systematic analysis for the 
Global Burden of Disease Study 2010. Lancet 2012;380:2197-
2223.

16. Joormann J, Tanovic E. Cognitive vulnerability to depression: ex-
amining cognitive control and emotion regulation. Curr Opin 
Psychol 2015;4:86-92.

17. Østergaard D, Dalton SO, Bidstrup PE, Poulsen AH, Frederiksen 
K, Eplov LF, et al. Mental vulnerability as a risk factor for depres-
sion: a prospective cohort study in Denmark. Int J Soc Psychiatry 
2012;58:306-314.

18. Kim W, Hwang TY, Ham BJ, Lee JS, Choi BH, Kim SJ, et al. The 
impact of major depressive disorder on productivity in workers: 
a preliminary study using WHO-HPQ (Health and Work Perfor-
mance Questionnaire). J Korean Neuropsychiatr Assoc 2007;46: 
587-595 (Korean).

19. Rho BI, Kwak HK. A study on the effect of neighborhood-level 
contextual characteristics on mental health of community resi-
dents. Health Med Sociol 2005;17:5-31 (Korean).

20. Choi MY. An empirical study of the effects of neighborhoods and 
social capital on elderly people depression. Korean J Soc Welf Res 
2008;18:25-46 (Korean).

21. De Silva MJ, Huttly SR, Harpham T, Kenward MG. Social capital 



Epidemiol Health 2017;39:e2017025

  |    www.e-epih.org  10

and mental health: a comparative analysis of four low income coun-
tries. Soc Sci Med 2007;64:5-20.

22. Wang H, Schlesinger M, Wang H, Hsiao WC. The flip-side of so-
cial capital: the distinctive influences of trust and mistrust on health 
in rural China. Soc Sci Med 2009;68:133-142.

23. Kang DA. A study on factors influencing the depression of the el-
derly in rural [dissertation]. Daejeon: Mokwon University; 2005 
(Korean).

24. Jung HS. A study on the influencing factors of depression in the 
elderly [dissertation]. Gongju: Kongju National University; 2007 
(Korean).

25. Kim TS, Kim DJ. The association between smoking and depres-
sion. Korean J Psychopharmacol 2007;18:393-398 (Korean).

26. Korea Centers for Disease Control and Prevention. 2008-2014 
Community health statistics to look at a glance; 2015 [cited 2017 
Jul 25]. Available from: https://chs.cdc.go.kr/chs/sub03/sub03_03_ 
01.do (Korean). 

27. American Psychiatric Association. What is depression? [cited 2017 
Sep 3]. Available from: https://www.psychiatry.org/patients-fami-
lies/depression/what-is-depression.

28. Noh SC, Lee HY. Advanced statistical analysis methodology. Seoul: 
Moonwoosa; 2013, p. 619-625 (Korean).

29. Hammen C. Stress and depression. Annu Rev Clin Psychol 2005; 
1:293-319.

30. Burke HM, Davis MC, Otte C, Mohr DC. Depression and cortisol 
responses to psychological stress: a meta-analysis. Psychoneuroen-

docrinology 2005;30:846-856.
31. Korea Centers for Disease Control and Prevention. The factbook 

on chronic disease; 2015 [cited 2017 May 30]. Available from: 
http://www.cdc.go.kr/CDC/notice/CdcKrIntro0504.jsp?menuIds=  
HO ME001-MNU1154-MNU0005-MNU2572-MNU0110&cid 
= 65024 (Korean). 

32. Thune JJ, Signorovitch JE, Kober L, McMurray JJ, Swedberg K, 
Rouleau J, et al. Predictors and prognostic impact of recurrent 
myocardial infarction in patients with left ventricular dysfunc-
tion, heart failure, or both following a first myocardial infarction. 
Eur J Heart Fail 2011;13:148-153.

33. Park JH, Bae SH. A systematic review of psychological distress as 
a risk factor for recurrent cardiac events in patients with coronary 
artery disease. J Korean Acad Nurs 2011;41:704-714 (Korean).

34. Lee HR. Atopic dermatitis. J Korean Pediatr Soc 2000;43:1161-1167 
(Korean).

35. Lee KS, Oh EY, Park JH, Hong CH, Lee SY. Comparison of child 
behavior checklist between allergic and non-allergic patients. J 
Asthma Allergy Clin Immunol 2001;21:178-186 (Korean).

36. Lee SA, Lee GM. A study on the major factors influencing the de-
pression among the elderly in rural area. J Korea Gerontol Soc 
2002;22:209-226 (Korean).

37. Jee Y, Goo C. The Differences of abilities to physical activity, social 
networks, depression degrees of elderly between residing rural 
and urban. J Coach Dev 2007;9:425-439 (Korean).


