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Abstract: Relevant demographic and environmental conditions need to be understood before
tailoring policies to improve mental health. Using community health survey data from 25
communities in Seoul, 2013, cross-sectional associations between mental health and community
level environments were assessed. Mental health outcomes (self-rated stress levels (SRS) and
depressive symptoms (DS)) were analyzed. Community environmental factors included green
space, green facilities, and annual PMuo level (AnnPMauo); socio-demographic factors included sex,
age, education, labor market participation, comorbidity, sleep hours, physical activity, smoking, and
drinking. A total of 23,139 people with the following characteristics participated: men (44.2%); age
groups 19-39 (36.0%), 40-59 (39.4%), 60-74 (19.2%), and 75+ (5.4%). Women had higher odds ratios
(OR) for SRS [OR 1.22, 95% Confidence interval (CI) 1.17-1.27] and DS [OR 1.55, 95% CI 1.42-1.71].
Regular physical activity predicted SRS [OR 0.90, 95% CI 0.84-0.95] and DS [OR 0.98, 95% CI 0.88—
1.10]; current smoking and drinking were adversely associated with both SRS and DS. Higher
accessibility to green space (Q4) was inversely associated with DS [OR 0.89, 95% CI 0.81-0.97]
compared to lower accessibility (Q1). AnnPMuo, annual levels for particles of aerodynamic diameter
<10 um (PMo), among communities was associated with poorer SRS [OR 1.02, 95% CI 1.00-1.04] by
10 pug/m? increases. Therefore, both demographic and environmental factors should be considered
to understand mental health conditions among the general population.

Keywords: community health; cross-sectional study; demographic character; greenness; mental
health

1. Introduction

Concerns about mental health have been growing worldwide and mental health conditions are
reported to depend on many factors, including not only demographic factors [1-3] such as socio-
economic factors [4,5] and health behaviors, but also ecological environmental factors [6-9].
However, previous studies on the relationships between mental health and associated factors have
usually focused on either objective demographic factors including socio-economic conditions,
environmental factors, subgroup populations among inpatients, or on specific age groups such as
younger generations [8] or the elderly [2,6,10].

Already, some studies have reported that perceptions of low social status in adults may be
involved in the pathogenesis of depression [4] and an index of socio-economic status seems to predict
depression symptomatology across European countries [5]. However, most studies related to mental
health have focused on depression, and there are few studies related to stress or subjective mental
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health outcomes. In addition, the health behavior factors may be associated with mental health
outcomes in both directions; for instance, physical activity or sufficient sleep may be beneficial while
smoking or drinking is harmful.

Evidence for the relationship between availability or quality of green areas in neighborhood
environments and mental health has been established through various studies. In several studies,
living conditions with surrounding greenery were suggested to have benefits for improving mental
health [9,11-13]. In addition, community based research on mental health has reported adverse health
effects of increased levels of air pollution [8].

Seoul is a megacity in the Republic of Korea composed of 25 districts, with one-fifth of the total
national population living there. Although the general health status of Seoul citizens may greatly
depend on demographic factors, regional characteristics cannot be ignored. Regarding regional
characteristics, environmental conditions such as levels of air pollution or greenness have been
regulated by environmental policy. For instance, the Seoul government has promoted policies for
decades to increase the number and quality of green spaces and to improve air quality. Although the
Seoul government has been attempting to improve the environmental quality in Seoul,
improvements in citizen’s living conditions in terms of common mental health outcomes may not be
measurable as many studies focusing on mental health outcomes have relied on medical service
utilization with doctors” clinical diagnoses. In addition, accessibility and level of exposure to
environmental factors varies by community region and the effect of greenness on health may differ
across individual demographic characteristics as much as environmental factors. Consequently, it is
necessary to examine conditions at the community as well as individual levels to improve the mental
health of local community residents.

Therefore, in terms of determining population based general mental health status and
improving common mental health, it is necessary to explore and understand both highly relevant
demographic and environmental factors before introducing tailored policies to improve mental
health. Accordingly, we investigated the relationships between individual mental health and
demographic factors as well as various environmental factors; we also investigated the moderation
effects between some health behavioral factors and environmental factors to assess whether health
behaviors were modified by environmental factors using community health survey data. Regarding
community health survey data, the Korean government established the Community Health Survey
(CHS) in 2008; this survey was designed to investigate health status and its determinants among the
adult population in Korea. As the CHS targeted the general population, exploring the association
between demographic and ecological environmental factors and common mental health outcomes
such as stress level or experience of depression symptoms depends on subjective sentiments.

2. Materials and Methods

2.1. Study Population

We used the 2013 Community Health Survey (CHS) data in Korea; this survey has been
conducted periodically since 2008 by the Korea Center for Disease Control and Prevention (KCDC)
and public health centers. The purpose of the Survey is to assess health status, as well as related
behavior and determinants, in the Korean population and to produce community-based comparable
health statistics at various spatial scales. Annually, approximately 230,000 people participate in the
CHS and these participants are randomly sampled using regional stratification every year. As it is
based on a cross-sectional study, the participants are newly sampled each year and the target
population of the CHS are adults (=19 years) living in each community. The CHS study has been
accompanied by the Community Health Survey Quality Control and Evaluation (CHS-QCE) study
throughout the survey process. The objective of CHS-QCE was to establish a validation system for
the CHS to ensure the accuracy and reliability of the community health survey [14]. For instance, the
CHS-QCE developed a standardization manual for the quality management survey and adopted a
Quality Control Index with nine components: replacement of sample household, completion of
household, answer rejection, agreement of answer, compliance with survey guidelines, and four
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detailed indicators related to time compliance in the conduct of the survey. In addition, telephone
checks by a third partner were conducted and response concordance was evaluated between the
interviewer-assisted survey and the telephone survey by the third party.

In our study, we restricted the study populations to Seoul residents residing in 25 communities,
which we call “Gu” as an administrative district; the total sample size is 23,139, and the sample size
of each community is approximately 900. Because this survey was conducted on samples selected out
of the total population, in the estimation stage, we applied individual weights provided along with
survey data from KCDC. This study was approved for exemption by the Institutional Review Board
of Seoul National University (IRB No. E1611/001-003).

2.2. Demographic Factors and Mental Health

The CHS is conducted by trained interviewers based on a protocol and questionnaires; the data
collection mode is a computer-assisted personal interview (CAPI). This CHS data provides
individual-level information on health status and its determinants. The questionnaires consist of a
personal survey including health behavior, chronic disease, injury, quality of life, immunizations and
screening, utilization of health services, socio-demographic characteristics, and a family survey
including the type of house and household income. The CHS was solely conducted by personalized
interviewers using CAPI and the questionnaires were used. The questionnaires consisted of common
and region specific questions; common questionnaires were applied to all participants and only a few
questionnaires varied at the level of survey regions. The variables we used for demographic factors
included sex, age, education, labor market participation, comorbidity, sleep hours, physical activity,
smoking, and drinking; for mental health status, we used the relevant part of the common
questionnaires.

The participants’ ages were grouped into 19-39, 40-59, 60-74, and >75 years; education levels
were grouped into uneducated or elementary school, middle school or high school, university
including colleges, and master’s course or above. Labor market participation was defined using a
question (Have you worked more than one hour for the last one week for income purposes or ever
worked as a family worker?) with two response options (Yes, No). When the participants answered
“Yes”, they were considered to participate to in the labor market and participants on temporary leave
were counted as labor market participants. We also considered comorbidities including
hypertension, diabetes, dyslipidemia, stroke, and arthritis; if participants were diagnosed by a doctor
and currently under treatment for at least one disease, they were grouped into any comorbidity and
others were grouped into non-comorbidity. Physical activity was defined using a question (In the last
week, how many days did you have 10 min or more of intense physical activity, which involved
breathing very hard or harder than usual?) with continuous responses between 0 to 7 days. Vigorous
(high intensity) physical activity included activities such as running (jogging), climbing, fast biking,
swimming fast, soccer, basketball, jumping rope, squash, singles tennis, as well as occupational
activities such as carrying heavy objects.

For the response variables of mental health outcomes, we selected self-rated stress levels and
experience of depression. Self-rated stress level was defined using a question (How much stress do
you usually feel during daily life?) with four response options (very much, a lot, a little bit, and
rarely). When participants answered “very much” or “a lot”, they were grouped into higher levels of
stress and the remainder were grouped into lower levels of stress. Depression experience was defined
using a question (Have you ever felt sadness or despair in the last two consecutive weeks in the recent
year?) with two response options (Yes, No). When participants answered “Yes”, they were grouped
into the depression experienced group and the remainder were grouped into the depression not
experienced group.

2.3. Environmental Variables

We used air pollutant data and greenery data as representations of community based
environmental variables. First, air pollutant data was collected from the National Institute of
Environmental Research and we used the PMio (ug/m?®) levels as the units of annual average
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concentrations in the analysis. Using the hourly measured PMio levels in each community site, we
calculated daily mean levels of PMw and averaged out daily values into annual levels for each
community between 2005 and 2013. In addition, we applied simple linear regression with the
observed nine annual levels of PMio from 2005 to 2013 and estimated the trend of the annual level of
PMio according to 1-year increases in each community.

We obtained park and green area data for the study year 2013 from the environmental section
with statistical data provided by the Seoul Metropolitan government. Seoul statistics provided
information about the total space of the greenness area, total number of green facilities, and general
park area, city park area, and residence area park per capita. For the reliability of the greenness data,
we compared the annual values of the variables we used in the analysis since 2004 and observed the
number of green facilities and greenness area that have steadily increased. According to the definition
of the data from Seoul Statistics, a greenness area is a comprehensive area including green facilities
areas, general green areas, and riverside green areas. A green facilities area is a green area designated
by the city management plan, a general green area includes green areas around the roads and living
areas, and a riverside green area includes green areas of riversides such as the Jungrang Stream and
Yangjae Stream. We used three variables for park per capita; a general park area includes city park
areas and residential area parks. A city park area is the area as stipulated in the Urban Parks and
Greenery Act and residential area parks include parks that are easy to access and often used in the
neighborhood. Thus, some areas for city park areas and residential area parks overlap.

2.4. Statistical Analysis

The CHS data were collected by surveys of the sampled populations upon regional stratification
and the data were supplied with individual weights for each subject. Initially, we investigated the
relationships between the health outcomes using ordinary logistic regression and then applied
survey based logistic regression analysis to assess the population-based associations between mental
health, specifically self-rated stress levels and experience of depression, and individual demographic
and socio economic conditions, and community based environments. As long as the outcome of
mental health was thought to be related to demographic characteristics including conditions of
comorbidities, health behaviors, and socio economic status (SES), we specified the initial model to
include demographic characteristics and SES as covariates and observed the association with mental
health outcomes. Afterwards, we conducted further multivariate analysis by fitting each of the
environmental factors into the initial model and estimated the effect of these environmental factors
on mental health outcomes. The environmental related factors were used for greenness; these
included greenness area (km?), general park area per capita (m?), city park area per capita (m?),
residence area park per capita (m2), number of green facilities and air pollutants, annual levels of
PMuo in the year 2013, and the estimated trend of the annual level of PMiobetween 2005 and 2013. In
addition, we investigated the moderation effect using interaction terms between specific health
behavioral factors and one of the environmental factors in ordinary logistic regression models that fit
all the demographic factors.

There were missing values for some variables including education, labor market participation,
smoking, and drinking; we excluded missing observations during the regression analysis. The
number of missing observations was few compared to the total study sample and the most frequent
missing variable was education, with 50 participants (0.22%), while other variables had missing
values for one or three participants each.

All results are presented as odds ratios (OR) with 95% confidence intervals (CIs). All procedures
were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA) and all figures were
modeled using R 3.1.1 (Open Source) (The Comprehensive R Archive Network: http://cran.r-
project.org). All statistical tests were 2-sided and a p-value < 0.05 was considered statistically
significant.
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3. Results
3.1. Demographic Characteristics and Descriptive Statistics

There were 23,139 participants in the study [men 10,231 (44.2%), women 12,908 (55.8%)] and age
groups consisted of 19-39 [8340 (36.0%)], 40-59 [9117 (39.4%)], 60-74 [4438 (19.2%)], and 75+ [1253
(5.4%)] (Table 1). The average sleep hours per day during a recent week were classified into three
groups: <6 [4236 (18.3%)], 6-7 [7668 (33.1%)], and = 7 [11,235 (48.6%)]. Prevalence of hypertension
was 18.6% in men (1907), and 17.0% in women (2194). The majority of participants did not engage in
physical activity [16,617 (71.8%)] but more than half of the study sample were active in the labor
market: total 61.2% (14,168), men 75.0% (7669), and women 50.3% (6499). Regarding mental health
problems, 28.1% (6513) reported higher self-rated stress levels and 7.2% (1675) reported depression
experiences. Statistically significant gender differences were observed for all demographic and SES
variables (p < 0.05); men tended to practice intensive physical activity more frequently (x?=734.8, p <
0.0001) and participated in the labor market more actively (x?=1458.2, p < 0.0001) than women.

Table 1. Descriptive characteristics of survey populations in the Community Health Survey data in
Seoul, Korea, 2013.

Gender
. Total
Variable Category Men Women 2 (p-Value)
N % n % n % X P
Total 23139 1000 10,231 442 12908 558
19-39 8321 360 3783 370 4538 352
40-59 9127 394 3964 387 5163 400
Age group 60-74 w38 192 1970 193 2468 191 20 (0:0092)
75+ 1253 54 514 50 739 57
6 236 183 1771 173 2465 191
?ig;%zzg 6-7 7668 331 3615 353 4053 314 (302.3(2)51)
7+ 11,235 486 4845 474 6390 495
Hypertension 4101 17.7 1907 186 2194 170 10.6 (0.0012)
Comorbidity Diabetes 1555 67 803 78 752 58  37.3(<0.0001)
Dyslipidemia 1870 81 740 72 1130 88  17.8(<0.0001)
prevalence Stroke 211 09 117 11 94 07  10.9(0.001)
Arthritis 988 43 154 15 834 65  342.9(<0.0001)
Physical activity 0 16617 718 6434 629 10,183 789
day/woek) 1-2 3178 137 1922 188 1256 97  734.8(<0.0001)
3+ 3342 144 1874 183 1468 114
Labor market Active 14,168 61.2 7669 75.0 6499 50.3 1458.2
participation Inactive 8970 38.8 2561 250 6409 497 (<0.0001)
Master's course 1615 7.0 933 9.1 682 5.3
University 10452 452 5048 493 5404 419
Education Middle zj:ggi or high 8355 361 3548 347 4807 372 5787 (<0.0001)
Uneducated orelementary 0, 135 681 67 1986 154
school
Never 15064 651 3008 294 12,056 93.4 102906
Smoking Former 3597 155 3198 313 399 3.1 (<0'.0001)
Current 475 193 4023 393 452 35
Never 2040 127 561 55 2379 184 411
Drinking Former 2845 123 953 9.3 1892 147 (<0.0001)
Current 17,353 750 8717 852 8636 669
Very much or a lot 6513 281 2808 274 3705 287
Self-rated stress level Slig};]htly or rarely 16623 718 742 725 901 713 000349
Depression experience 1675 7.2 517 5.1 1158 9.0  130.6 (<0.0001)

Certain environmental factors are described in Figure 1 using quartile division and descriptive
statistics; correlations for the greenery related variables and particulate matter (PMio) related
variables are presented in Table 2. The higher level of overall residential park areas tended to be
centralized while the number of green facilities tended to form a boundary in Seoul; the levels of
annual PMio were higher in the southern part of Seoul (Figure 1).
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Table 2. Community based environmental variables and their correlations in 25 communities, Seoul,

Korea, 2013.
Greenness General Park City Park Residence Area No. of Green
Mean rere Annual
Variabl Area Area Area Park Facilities
ariable
Per Capita Per Capita . PMuo !
2 2
(STD) (km?) (m?) (m?) Per Capita (m?) qg/md
1.2
Greenness area (km?) ég 9.0)
1
Genera Park areaper . (147) 016
capita (m?)
City park area per capita 10.9 (9.7) 03 0.75 #
(m?)
Resi k
esidence area park per 5 o 0.19 0.53* 0.41*
capita (m?)
No. of green facilities 29.0 (21.6) -0.19 -0.14 -0.03 0.06
Annual PMu ' ug/m?  44.6 (1.6) 0.33 -0.19 -0.26 0.08 -0.26
Estimated PMuo slope 2 -0.3 (0.08) -0.05 -0.31 -0.22 -0.17 0.06 0.13

STD, standard deviation; ** p-value < 0.001; * p-value < 0.05; ! Seoul has 27 air pollution monitoring sites and at
least one air pollution monitoring site is allocated in each community called “Gu” as an administrative district; 2
Community based PMio slopes were estimated by linear regressions using annual levels of PMiobetween 2005 and
2013.

The mean annual level of PMi among the 25 communities was 44.6 ug/m? (standard deviation;
SD 1.6 pg/m?). Slopes for the annual level of PMio from 2005 to 2013 mostly decreased among the 25
communities; the mean of the beta slope was -0.3 (SD = 0.08) and it was positively correlated with
the annual levels of PMio, ¢ = 0.13 (p-value > 0.05). Greenery related variables had negative but non-
significant correlations with annual PMuo related variables. Furthermore, city park area per capita (o
= 0.75, p-value < 0.001) and living area per capita (¢ = 0.53, p-value < 0.05) had significant positive
correlations with the general park area per capita. The varied greenness area by community level had
positive but non-significant correlations with general parks per capita (o = 0.16, p-value > 0.05), city
park areas per capita (o = 0.30, p-value > 0.05), and residential area parks per capita (o =0.19, p-value
> 0.05). However, the greenness area at the community levels had a negative but non-significant
correlation with the number of greenery facilities by community level (o =-0.19, p-value > 0.05).
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3.2. Associations between Mental Health and Demographic and Environmental Factors

The associations for demographic characteristics were explored in multivariate models and the
results are presented in Table 3. Women had considerably poorer mental health outcomes for both
self-rated stress levels [OR 1.22, 95% CI 1.17-1.27] and depression experience [OR 1.55, 95% CI 1.42—
1.71] compared to men.

Regular physical activity at least 3 days per week was associated with decreased self-rated stress
levels [OR 0.90, 95% CI 0.84-0.95] and depression experience [OR 0.98, 95% CI 0.88-1.10]. Inactive
participation in the labor market was associated with lower self-rated stress levels [OR 0.87, 95% CI
0.83-0.90] but with higher rates of depression experience [OR 1.22, 95% CI 1.14-1.30].

We observed increased associations with education levels that were lower than masters’ degree
among subjects with depressive symptom experiences while inconsistent results were detected
among subjects with higher self-rated stress levels. Participants with at least one comorbidity from
hypertension, diabetes, dyslipidemia, stroke, and arthritis were more likely to have poorer mental
health outcomes, that is, higher self-rated stress levels [OR 1.10, 95% CI 1.05-1.16], and more
depression experience [OR 1.07, 95% CI 0.99-1.15]. Current smoking and drinking tended to be
associated with poorer mental health outcomes.

Table 3. Associations between mental health outcomes and demographic characteristics.

Odds Ratio (95% Confidence Interval)

Variable Category Self-Rated Stress Level Depresswe‘ Symptom
Experience
Sex Men 1.00 1.00
Women 1.22 (1.17-1.27) 1.55 (1.42-1.71)
19-39 1.00 1.00
Age 40-59 1.18 (1.10-1.26) 1.05 (0.94-1.17)
60-74 0.78 (0.72-0.84) 1.06 (0.94-1.20)
75+ 0.67 (0.59-0.77) 0.82 (0.68-0.98)

Education

Master’s course

Uneducated or elementary school
Middle school or high school

1.00
1.25 (1.13-1.38)
0.91 (0.86-0.97)

1.00
1.30 (1.12-1.51)
1.14 (1.03-1.27)

University 0.92 (0.87-0.98) 0.98 (0.88-1.10)
Labor market participation Active 1.00 1.00
Inactive 0.87 (0.83-0.90) 1.22 (1.14-1.30)
e Non comorbidity 1.00 1.00
Comorbidity Any comorbidity 1.10 (1.05-1.16) 1.07 (0.99-1.15)
<6 1.00 1.00
Sleep hours (hours/day) 67 0.90 (0.86-0.94) 0.85 (0.79-0.92)
7+ 0.72 (0.69-0.75) 0.84 (0.78-0.90)
0 1.00 1.00
Physical activity (day/week) 1-2 1.03 (0.96-1.10) 1.04 (0.93-1.17)
3+ 0.90 (0.84-0.95) 0.98 (0.88-1.10)
Never 1.00 1.00
Smoking Previous 0.98 (0.92-1.05) 1.12 (1.00-1.26)
Current 1.34 (1.26-1.42) 1.30 (1.16-1.45)
Never 1.00 1.00
Drinking Previous 0.95 (0.88-1.02) 1.06 (0.96-1.18)
Current 1.09 (1.03-1.15) 1.01 (0.92-1.11)

In the multivariate models fitted with the demographic characteristics shown in Table 3, we
fitted, in steps, one of the community based environmental factors including greenness areas, general
park areas, city park areas, residential area parks, number of green facilities, annual PMuo levels, and
absolute values of estimated PMio slopes between 2005 and 2013 (Table 4). The greenness related
variables were divided by quartiles and grouped into three, with quartile 1, quartiles 2-3, and quartile
4. None of them demonstrated any relationship with mental health outcomes except for the number
of green facilities. Communities with the most green facilities (Q4) had a decreased association with
depression experienced [OR 0.89, 95% CI 0.81-0.97] compared to communities with the least (Q1).
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Furthermore, annual levels of PMio in each community were adversely associated with subjective
stress levels [OR 1.02, 95% CI 1.00-1.04] by increases of 10 pg/m3 PMiwo B was non-significantly
associated with decreased stress levels [OR 0.78, 95% CI 0.52-1.18] and depression experience [OR
0.79, 95% CI 0.40-1.57] by increases of 0.1 units.

Table 4. Associations between self-rated mental health and community based environments.

Odds Ratio (95% Confidence Interval)

Variable Category

Self-Rated Stress Level ~Depressive Symptom Experience

Q1 <235 1.00 1.00

Greenness area (km?)

Q2-Q3 235-667

0.90 (0.84-0.97)

0.90 (0.84-0.97)

Q4 667+ 1.08 (0.99-1.17) 1.08 (0.99-1.17)

Q1 <7.33 1.00 1.00
General park area per capita (m?)  Q2-Q3 7.33-22.67 1.00 (0.95-1.04) 1.11 (1.03-1.19)
Q4 22.67+ 1.01 (0.96-1.06) 0.90 (0.82-0.98)

Q1 <5 1.00 1.00
City park area per capita (m?) Q2-Q3 5-12.31 1.03 (0.98-1.07) 1.01 (0.94-1.09)
Q4 12.31+ 1.00 (0.95-1.05) 0.96 (0.88-1.05)

Q1 3.51- 1.00 1.00
Residence area park per capita (m?) Q2-Q3 3.51-6.54 0.97 (0.93-1.02) 0.97 (0.90-1.05)
Q4 6.54+ 0.98 (0.93-1.03) 1.04 (0.96-1.13)

Q1 <14 1.00 1.00
No. of green facilities Q2-Q3 14-36 0.98 (0.94-1.03) 1.05 (0.98-1.13)
Q4 36+ 1.01 (0.96-1.06) 0.89 (0.81-0.97)

Annual PMio !
Absolute estimated of PMuoslope 2

1.02 (1.00-1.04)
0.78 (0.52-1.18)

1.01 (0.98-1.05)
0.79 (0.40-1.57)

1 Odds ratio by 10 and 0.1 unit increases respectively for PMio (ug/m?), and absolute estimated PMioslope; 2 Beta
was estimated on the community based environment using the annual level of PM1o between 2005 and 2013 and

the beta (slope) was calculated by simple linear regression model.

3.3. Moderation Effects between Health Behavior and Environmental Factors

We investigated the moderation effects between some health behaviors and environmental
factors using interaction terms in the ordinary logistic regression model adjusted for demographic
characteristics as shown in Table 1; the results are presented in Figure 2. The chosen health behaviors
were physical activity, sleep hours, smoking, and drinking. These were modified into dichotomous
variables: physical activity days per week (3— vs. 3+), sleep hours per day (6— vs. 6+), smoking
(current vs. never or previous), and drinking (current vs. never or previous). Among the
environmental variables, residential area parks, number of green facilities, annual levels of PMio, and
absolute estimates of PMuo levels were reviewed and none of them were significantly moderated by
health behavior. However, increased associations were detected between depression experience and
annual PMuo levels [OR 1.04, 95% CI 0.95-1.12] or PMio slope [OR 1.05, 95% CI 0.97-1.14] among
current smokers by unit increases of 2 pg/m?and 0.1 pg/m? per year, respectively.
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Figure 2. Effect modification between individual health behavior and community based
environments are presented. The modification was estimated using interaction terms and the
reference groups of physical activity, sleep time, smoke, and drink are less than 2 days of physical
activity during a week, less than 6 h of sleep in a day, currently not smoking, and currently not
drinking, respectively. Odds ratio (OR) with 95% confidence interval (CI) was estimated for each
environment with certain unit increases; residential area park (3 m?), number of green facilities (5
units), annual mean level of PMio (2 pg/m?), and absolute slope of PMio (0.1 unit).

4. Discussion

4.1. Principal Findings

We investigated the relationships between various demographic and environmental factors, and
individual mental health using community health survey data. We observed that women had
considerably poorer mental health outcomes for both self-rated stress levels and depression
experience, and inactive participation in the labor market was associated with lower self-rated stress
levels but with higher rates of depression experience. We observed contradictory associations with
education levels between depressive symptom experiences and self-rated stress levels and health
behaviors; smoking and drinking were also associated with mental health outcomes while regular
physical activity more than 3 days a week had a beneficial effect on the mental health outcomes.

We regarded the number of green facilities in each community as a marker of accessibility to
green spaces because higher levels of green facilities may allow for the residents” exposure to higher
levels of greenness. Accessibility of green spaces was associated with improvements in mental health,
while levels of particulate matter (PMi) were associated with poorer mental health outcomes. In
addition, we investigated the moderating effects between some of the health behaviors and
environmental factors. Through applying interaction terms, we observed whether the associations
between mental health outcomes and environmental factors were moderated by individuals” health
behavior such as practicing a regular physical activity, and overall sleep time. However, a beneficial
effect on mental health of green and natural spaces was not detected in the moderation analysis.
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4.2. Associations between Mental Health and Demographic Characteristics

The associations between demographic characteristics and mental health outcomes were of main
interest in this study and we observed varied outcomes compared with other studies [1-3,15,16]. We
found that women were more likely to experience higher levels of stress and depressive symptoms
than men [1,2]. Furthermore, we observed increased associations with education levels lower than
masters’ degrees among subjects with depressive symptom experiences, as we utilized education
level and labor market participation as markers of socio-economic status [1-3]. However, levels of
stress varied by education, as subjects with intermediate levels of education were less likely to
experience higher levels of stress. A predictable but interesting result was that labor market
participation had contrasting effects depending on the type of mental health outcome considered.
Subjects participating in the labor market experienced more stress but were less likely to experience
depressive symptoms [3]. This result suggests that encouraging labor market participation can reduce
depression prevalence while at the same time labor-level adjustment is required to reduce the
intensity of stress from labor market participation.

Adverse health effects were observed for smoking [17-19] and drinking [20-22] and current
smokers were more likely to experience higher levels of stress and depressive symptoms. As this
study used a cross-sectional design, the results should not be interpreted in causal terms, such as
whether adverse health behavior resulted in poorer health and unstable mental status or vice versa.
However, as strong associations were detected between those health behaviors and mental health, it
should be noted that people with current smoking and drinking behaviors are less likely to cope well
with their mental difficulties [17].

In addition to adverse mental health effects associated with demographic characteristics,
beneficial factors for mental health were also observed. Longer sleeping times improved mental
health and more than 7 h of sleep per day lowered the likelihood of experiencing stress or depressive
symptoms. In addition, regularly practicing physical activity more than 3 days a week was associated
with lower stress levels and a similar relationship was detected with depressive symptom
experiences. Inverse relationships between sleep hours [23-25] or physical activity and adverse
mental health outcomes have been suggested in several studies. Hashizume et al. [24] stressed the
importance of sufficient sleep time because insufficient sleep can cause impaired cognitive function
and mental disorders such as depression; Lee et al. [23] reported gender-specific patterns such as
significant associations in women with stress and depressive symptoms, and in men with stress. The
study examined the effects of sleep deprivation on serum cortisol levels and mental health among
military servicemen in China and suggested that sleep deprivation could significantly increase serum
cortisol level and may affect mental health among servicemen [25]. Overall, the outcomes of the
present study defined susceptible populations based on individual demographic factors such as
biological information, health behaviors, and socio-economic status, and provided supportive
evidence of the importance of demographic characteristics on mental health.

4.3. Associations between Mental Health and Greenness

For the environmental factors, we observed a marginal but protective relationship on mental
health by green facilities. Although the outcome may be biased due to limitations of the study design,
such as being a cross-sectional study, several longitudinal cohort studies have reported similar
results. For instance, James et al. [26] examined the prospective association between residential
greenness (Normalized Difference Vegetation Index (NDVI)) and mortality using data from the US-
based Nurses’” Health Study prospective cohort. This study reported that higher levels of green
vegetation were associated with decreased mortality and observed a stronger association between
greenness and mortality among participants with higher levels of physical activity. However, our
study was not able to apply the NDVI for greenness because of limited data sources. Instead, we
utilized information about parks and the accessibility of green facilities. Some similar studies have
already been conducted using parks in urban areas. For instance, a beneficial effect from the exposure
to green space on disease risk and mortality was suggested, although the association varied according
to the combination of area income deprivation and urbanity [27]. Additionally, Garter et al. [28]
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reported that access to parks and green spaces within residential neighborhoods has been shown to
be an important pathway to generating better physical and mental health for individuals and
communities using mixed methods in Perth, Western Australia.

In this study, we regarded the number of green facilities as a marker of accessibility to green
spaces, which is defined as greenness or green space. Although some communities have larger green
spaces than others, the green spaces mostly consist of moderate mountains. These specific conditions
of greenness may limit accessibility to green environments for populations who do not like hiking or
climbing mountains or who having physical or ambulatory difficulties. Nonetheless, we found
evidence for a protective association between access to greenness and levels of stress and this result
supports the consistent evidence that greenness exposure is protective against adverse mental health
outcomes by a cross-sectional design. Furthermore, other cross-sectional evidence in the UK found
that living closer to urban green spaces, such as parks, was associated with lower mental distress [29].
In summary, although our data limited our ability to fully investigate the relationship between
mental health and greenness, similar outcomes have been found for green facilities closely related
with greenness in urban communities.

4.4. Associations between Mental Health and Particulate Matter Levels

We observed a marginal but adverse relationship on mental health of the annual level of
particulate matter (PMuo) as another ecological environmental variable. Although, the mechanism
whereby particulate matter (PMio) causes health effects has not been fully elucidated, much
epidemiological evidence supports the adverse association of cardiopulmonary morbidity and
mortality with exposure to airborne particulate matter [30-33] and this adverse evidence has been
extended to mental health [7,34-36]. In mental health studies related to particulate matter, fine
particulate matter (PMz2s) was reported as one of the major risk factors linked to poor cognitive
function in older, community-dwelling adults in the US [6]. Concerning the impact of PM25 on mental
health, an increase in PM2s was positively associated with depressive symptoms, and this was
significant for the 30-day moving average (OR 1.16; 95% 1.05, 1.29) upon SES adjustment [37].

A study of the short-term effects of PMo levels was also conducted using emergency department
visit data in Seoul, Korea; depressive episodes among subjects with either underlying cardiovascular
disease, diabetes mellitus, asthma, or depressive disorder were examined and adverse health effects for
PMio (OR 1.120; 95% 1.067-1.176) per one standard deviation increase at a lag of 0-3 were observed [38].

We analyzed levels of stress as another variable for mental health status but studies on the
association between levels of stress and air pollution are limited. Nonetheless, a longitudinal analysis
was conducted for 987 older men participating in the Veterans Administration Normative Aging
Study between 1995 and 2007; information about quantified stress experienced in the previous week
was collected from the participants [39]. Higher perceived stress was associated with increased risk
against PM2s at moving averages of 1, 2, and 4-week. In this regard, inconsistent associations between
air pollution and depression were also presented in four European general population cohort studies.
The studies investigated the association between air pollution and depressed mood using residential
exposure to particles (PMzs, PM2s5 absorbance, PMw) and nitrogen dioxide (NO:), which was
estimated using land use regression (LUR) models; heterogeneous results for cohort specific
associations between the air pollutants and depressed mood were reported [40]. However, our study
may be limited in examining the association between greenness and mental health outcomes due to
limitations of the data and the study design. Nonetheless, it adds additional evidence that increasing
accessibility to greenness and decreasing the level of PM10 may improve mental health in an urban

city.
4.5. Study Limitations

Many environmental epidemiology studies regarding greenness and green space access have been
conducted, mainly using a vegetation index (typically the NDVI) or outcomes through land use
regressions linked to the participants’ addresses. In our study, we obtained community level information
using an administrative district level “Gu” but not participants” addresses. Therefore, it was hard to define
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greenness exposure on an individual basis. However, we achieved and utilized an alternative that was
stable and comparable between communities, specifically, official administrative data collected by the
government of Seoul in a database and supplied to the public annually.

Vegetation may buffer exposure to air pollution to reduce the level of PMuo but the quality of green
spaces was not explored in this study. Vegetation may vary annually and seasonally but we fitted absolute
greenness space regardless of seasonal variations of vegetation in the analysis. However, the CHS has
usually been conducted over the 3 months between August and October and mental health outcomes
might not be affected by seasons because the greenness quality rarely varied during these periods.

As long as we assigned the exposure of PMi based on each participant’s residential area, the
participants’ pattern of life was not considered. In cases wherein participants stayed much longer
hours somewhere else instead of in their residential area, this factor may have led to misclassification
of some participants because of the variability of exposure levels and durations. In addition, we used
only one question to assess depressive symptoms with two response options (Yes, No) among the
response variables of mental health outcomes. The depressive symptoms were not dependent on a
doctor’s diagnosis but based on subjective experiences in the last two consecutive weeks. However,
using only one question and a binary response option may have elicited more biased response
outcomes than multiple assessment questions or response options.

5. Conclusions

This study strengthened the importance of demographic characteristics such as socio-economic
status and health behaviors for maintaining a healthier mentality. Although our study only detected
a weak relationship between mental health outcomes and environmental factors, increasing
accessibility to greenness and decreasing levels of particulate matter on a community basis are
beneficial and are important components in improving mental health conditions among urban
citizens. Therefore, to improve the mental health of urban citizens, both policy approaches—giving
more care to sensitive or vulnerable groups and making the environment better for citizens overall
—need to be taken simultaneously because improved environments may bring more opportunities
for physical activity, increase social engagement, and improve mental health.

Acknowledgments: This work was supported by the Korea Ministry of Environment as the “Climate Change
Correspondence Program (project number: 2014001310007)” and under the framework of an international
cooperation program managed by the National Research Foundation of Korea (2015K2A2A4000119).

Author Contributions: Jayeun Kim and Ho Kim contributed to the idea and design of this study; Jayeun Kim
contributed to data collection and Jayeun Kim and Ho Kim undertook the data analysis; Jayeun Kim wrote the draft
and Ho Kim revised and finalized the manuscript; all authors have seen and approved the final version of the report.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Barua, A.; Ghosh, M.K,; Kar, N.; Basili, M.A. Socio-demographic factors of geriatric depression. Indian J.
Psychol. Med. 2010, 32, 87-92.

2. Chong, M.Y,; Tsang, H.Y.; Chen, C.S,; Tang, T.C.; Chen, C.C; Yeh, T.L.; LEE, Y.H.; Lo, H.Y. Community
study of depression in old age in Taiwan: Prevalence, life events and socio-demographic correlates. Br. |.
Psychiatry 2001, 178, 29-35.

3. Mayberry, L.J.; Horowitz, J.A.; Declercq, E. Depression symptom prevalence and demographic risk factors
among US women during the first 2 years postpartum. J. Obstet. Gynecol. Neonatal. Nurs. 2007, 36, 542-549.

4. Hoebel, J.; Maske, U.E.; Zeeb, H.; Lampert, T. Social inequalities and depressive symptoms in adults: The
role of objective and subjective socioeconomic status. PLoS ONE 2017, 12, e0169764.

5. Freeman, A.; Tyrovolas, S.; Koyanagi, A.; Chatterji, S.; Leonardi, M.; Ayuso-Mateos, J.L.; Tobiasz-Adamczyk,
B.; Koskinen, S.; Rummel-Kluge, C.; Haro, ].M. The role of socio-economic status in depression: Results
from the COURAGE (aging survey in Europe). BMC Public Health 2016, 16, €1098.

6.  Alilshire, J.; Karraker, A.; Clarke, P. Neighborhood social stressors, fine particulate matter air pollution, and
cognitive function among older US adults. Soc. Sci. Med. 2017, 172, 56-63.



Int. ]. Environ. Res. Public Health 2017, 14, 431 14 of 15

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Attademo, L.; Bernardini, F.; Garinella, R.; Compton, M.T. Environmental pollution and risk of psychotic
disorders: A review of the science to date. Schizophr. Res. 2016, 181, 55-59.

Dales, R.E.; Cakmak, S. Does mental health status influence susceptibility to the physiologic effects of air
pollution? A population based study of Canadian children. PLoS ONE 2016, 11, e0168931.

Nutsford, D.; Pearson, A.L.; Kingham, S. An ecological study investigating the association between access
to urban green space and mental health. Public Health 2013, 127, 1005-1011.

Tian, T.; Chen, Y.; Zhu, J.; Liu, P. Effect of air pollution and rural-urban difference on mental health of the
elderly in China. Iran. |. Public Health 2015, 44, 1084-1094.

Weimann, H.; Rylander, L.; Albin, M.; Skarback, E.; Grahn, P.; C)stergren, P.O.; Bjork, ]. Effects of changing
exposure to neighbourhood greenness on general and mental health: A longitudinal study. Health Place
2015, 33, 48-56.

James, P; Banay, R.F.; Hart, ].E.; Laden, F. A review of the health benefits of greenness. Curr. Epidemiol. Rep.
2015, 2, 131-142.

Triguero-Mas, M.; Dadvand, P; Cirach, M.; Martinez, D.; Medina, A.; Mompart, A.; Basagafna, X.;
Grazuleviciené, R.; Nieuwenhuijsen, M.]. Natural outdoor environments and mental and physical health:
Relationships and mechanisms. Environ. Int. 2015, 77, 35—-41.

KCDC. Quality Control and Evaluation for Community Health Survey 2013. Available online:
https://chs.cdc.go.kr/chs/index.do (accessed on 9 September 2016).

Trudel-Fitzgerald, C.; Chen, Y.; Singh, A.; Okereke, O.1.; Kubzanskl, L.D. Psychiatric, Psychological, and
social determinants of health in the nurses” health study cohorts. Am. J. Public Health 2016, 106, 1644-1649.
Takaki, J.; Nishi, T.; Shimoyama, H.; Inada, T.; Matsuyama, N.; Kumano, H.; Kuboki, T. Possible interactive
effects of demographic factors and stress coping mechanisms on depression and anxiety in maintenance
hemodialysis patients. J. Psychosom. Res. 2005, 58, 217-223.

Buser, M.C.; Scinicariello, F. Cadmium, lead, and depressive symptoms: Analysis of national health and
nutrition examination survey 2011-2012. J. Clin. Psychiatry 2016, doi:10.4088/JCP.15m10383.

Weinberger, A.H.; Kashan, R.S.; Shpigel, D.M.; Esan, H.; Taha, F.; Lee, C.J.; Funk, A.P; Goodwin, R.D.
Depression and cigarette smoking behavior: A critical review of population-based studies. Am. J. Drug
Alcohol Abuse 2016, doi:10.3109/00952990.2016.1171327.

Zale, E.L.; Maisto, S.A.; Ditrl, ].W. Anxiety and depression in bidirectional relations between pain and
smoking: Implications for smoking cessation. Behav. Modif. 2016, 40, 7-28.

Gonzalez, A.M,; Cruz, S.Y,; Rios, J.L.; Pagan, I.; Fabian, C.; Betancourt, J.; Rivera-Soto, W.T.; Gonzalez, M.J.;
Palacios, C. Alcohol consumption and smoking and their associations with socio-demographic
characteristics, dietary patterns, and perceived academic stress in Puerto Rican College students. P. R.
Health Sci. . 2013, 32, 82-98.

Park, C.L.; Armeli, S.; Tennen, H. The daily stress and coping process and alcohol use among college
students. . Stud. Alcohol 2004, 65, 126-135.

Fouquereau, E.; Fernandez, A.; Mullet, E.; Sorum, P.C. Stress and the urge to drink. Addict. Behav. 2003,
28, 669—685.

Lee, M.S,; Shin, ].S.; Lee, J.; Lee, Y.J.; Kim, M.R.; Park, K.B.; Shin, D.; Cho, J.H.; Ha, .H. The association
between mental health, chronic disease and sleep duration in Koreans: A cross-sectional study. BMC Public
Health 2015, 15, d0i:10.1186/s12889-015-2542-3.

Hashizume, Y. The importance of sleep in the mental health. Nihon Rinsho 2014, 72, 341-346.

Song, H.T; Sun, X.Y.; Yang, T.S.; Zhang, L.Y.; Yang, J.L.; Bai, J. Effects of sleep deprivation on serum cortisol
level and mental health in servicemen. Int. |. Psychophysiol. 2015, 96, 169-175.

James, P; Hart, ].E.; Banay, R.F.; Laden, F. Exposure to greenness and mortality in a nationwide prospective
cohort study of women. Environ. Health Perspect. 2016, 124, 1344-1352.

Mitchell, R.; Popham, F. Greenspace, urbanity and health: relationships in England. J. Epidemiol. Community
Health 2007, 61, 681-683.

Carter, M.; Horwitz, P. Beyond proximity: The importance of green space useability to self-reported health.
Ecohealth 2014, 11, 322-332.

White, M.P,; Alcock, I.; Wheeler, B.W.; Depledg, M.H. Would you be happier living in a greener urban area?
A fixed-effects analysis of panel data. Psychol. Sci. 2013, 24, 920-928.

Yang, L.; Hou, X.Y.; Wei, Y.; Thai, P; Chai, F. Biomarkers of the health outcomes associated with ambient
particulate matter exposure. Sci. Total Environ. 2017, 579, 1446-1459.



Int. ]. Environ. Res. Public Health 2017, 14, 431 15 of 15

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zhang, X.; Staimer, N.; Gillen, D.L.; Tjoa, T.; Schauer, J.J.; Shafer, M.M.; Hasheminassab, S.; Pakbin, P; Vaziri,
N.D.; Sioutas, C.; et al. Associations of oxidative stress and inflammatory biomarkers with chemically-
characterized air pollutant exposures in an elderly cohort. Environ. Res. 2016, 150, 306-319.

Haberzettl, P; O'Toole, T.E.; Bhatnagar, A.; Conklil, D.]. Exposure to fine particulate air pollution causes vascular
insulin resistance by inducing pulmonary oxidative stress. Environ. Health Perspect. 2016, 124, 1830-1839.

Du, Y; Xu, X;; Chu, M.; Guo, Y,; Wang, J. Air particulate matter and cardiovascular disease: The
epidemiological, biomedical and clinical evidence. J. Thorac. Dis. 2016, 8, E8—-E19.

Lim, Y.H.; Kim, H.; Kim, ].H.; Bae, S.; Park, H.Y.; Hong, Y.C. Air pollution and symptoms of depression in
elderly adults. Environ. Health Perspect. 2012, 120, 1023-1028.

Gao, J.; Woodward, A.; Vardoulakis, S.; Kovats, S.; Wilkinson, P; Li, L.; Xu, L.; Li, J.; Yang, J.; Cao, L.; et al.
Haze, public health and mitigation measures in China: A review of the current evidence for further policy
response. Sci. Total Environ. 2017, 578, 148-157.

Geng, S.; Zadeoglulari, Z.; Fuss, S.H.; Genc, K. The adverse effects of air pollution on the nervous system.
J. Toxicol. 2012, 2012, doi:10.1155/2012/782462.

Pun, V.C,; Manjourides, J.; Suh, H. Association of ambient air pollution with depressive and anxiety
symptoms in older adults: Results from the NSHAP study. Environ. Health Perspect. 2017, 125, 342-348.
Cho, J.; Choi, Y.J.; Suh, M,; Sohn, J.; Kim, H.; Cho, S.K.; Ha, K.H.; Kim, C.; Shin, D.C. Air pollution as a risk
factor for depressive episode in patients with cardiovascular disease, diabetes mellitus, or asthma. J. Affect.
Disord. 2014, 157, 45-51.

Mehta, A.].; Kubzansky, L.D.; Coull, B.A,; Kloog, L; Koutrakis, P.; Sparrow, D.; Spiro, A.; Vokonas, P;
Schwartz, ]. Associations between air pollution and perceived stress: The veterans administration
normative aging study. Environ. Health 2015, 14, d0i:10.1186/1476-069X-14-10.

Zijlema, W.L.; Wolf, K.; Emeny, R.; Ladwig, K.H.; Peters, A.; Kongsgard, H.; Hveem, K.; Kvaloy, K.; Yli-
Tuomi, T.; Partonen, T.; et al. The association of air pollution and depressed mood in 70,928 individuals
from four European cohorts. Int. |. Hyg. Environ. Health 2016, 219, 212-219.

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘ @ article distributed under the terms and conditions of the Creative Commons by Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



