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Abstract 
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Background : Air pollution has become one of the world’s largest 

environmental health concerns in the past few years, causing a large 

proportion of morbidity and increased mortality due to poor mental health. 

However, little attention has been paid to the long-term effects of air pollution 

on the risk of poor mental health. 

 

Objectives : We examined the long-term association between the yearlong 

exposures to concentrations of air pollutants (PM10, NO2, and O3) and mental 

health state in terms of self-expressed depression, sleeping time and suicide 

rate, using population-based health data from Seoul, Republic of Korea. 

 

Method: We used annual community-level mental health data and the study 

periods were from 2008 to 2016 in Seoul, Republic of Korea. A linear mixed 

regression model (LMM) was mainly used for simultaneous consideration of 
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spatio-temporal variation in the mental health variables, air pollutions and 

other confounders/covariates. We regarded the annual average concentration 

(1, 2, 3, 4, 5 years) as an exposure. The effect of air pollution on the risk of 

mental health variables was estimated as percentile increases (PIs, %) for the 

suicide and experienced depression rates and as minute increase for the 

average amount of daily sleep with 95% confidence intervals (CIs). 

 

Result : Higher annual PM10 and NO2 concentrations were significantly 

associated with higher suicide rate over multiple years; PI per 10μg/m3 

increase in PM10 was 3.2% (95% confidence interval [CI]: 0.5 to 5.9%) and 

PI per 1 ppm increase in NO2 was 0.3% (95% CI: 0.1 to 0.5%). The observed 

associations were enhanced among individuals with high sex ratio and logged 

GRDP. The relationship between O3 and suicide and the experienced 

depression rate each had positive association. Although the higher air 

pollution levels were associated with the lower average amount of daily sleep, 

these associations were not statistically significant. In addition, the higher 

NDVI was strongly associated with lower PM10-experienced depression rate. 

Meanwhile, obesity rate showed opposite modification patterns on the NO2-

suicide and NO2-experienced depression relationships.  
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Conclusion : we found suggestive evidence for long-term association between 

air pollutions and mental health variables in 25 communities within Seoul, 

Republic of Korea. 

 

Keywords : Air pollution, Mental Health, Depression, Suicide, Sleep disorder , long-

term exposure, Republic of Korea 
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Chapter 1. Introduction 

 

Air pollution is a mixture of an environmental toxicant such as 

particulate matter, metals, gases, organic and inorganic compounds (1) and 

has become one of the world’s largest environmental health concerns in the 

past few years. About 91% of the world population lives in places where air 

quality exceeds the World Health Organization guideline limits, and 3 million 

death is caused every year as a result of exposure to ambient air pollution(2). 

Therefore, air pollutions became one of the major global factors of burden of 

diseases.  

The adverse effects of air pollutions on cardiopulmonary diseases 

have been extensively studied (3, 4), while the effects on mental diseases have 

been relatively less studied. Recent mental disease studies have given their 

attention to environmental factors among various contributing factors, 

assuming that air pollutants might also have a role in the etiology of mental 

diseases in the light of their toxicity on central nervous system (5). Even 

though the mechanisms of how air pollution reach the brain as neurotoxicity 

are not totally clarified, previous researchers have hypothesized that high 

levels of air pollution induce proinflammatory cytokines that might lead to a 

neuroinflammatory effect on the brain (6, 7). In addition, this process might 

possibly cause neurodegenerative diseases such as Alzheimer or Parkinson 
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disease (8, 9). Furthermore, this process might affect onset and progress of 

depression, suicidal behavior, or both (10-13). 

Some research studies have shown that concentrated air pollutants 

have association with cognitive decline and mental disorders (8, 14) A study 

conducted in U.S found the short-term associations between the exposure to 

PM 2.5 and NO2 and decreased cognitive function in the cohort of older 

people. Also, it suggested that PM2.5 may impact cognition through pathways 

related to mood disorders.(14) The other study examined that PM 2.5 was 

significantly associated with anxiety symptoms (OR 1.61;95% CI:1.3, 1.92) 

and with depressive symptoms (OR= 1.16;95% CI:1.05,1.29) (15). 

However, the effects of long-term exposure to ambient air pollution 

on mental health have not been fully studied. It could be conjectured that the 

rates of translocation and elimination of air pollutions to the brain or nervous 

system is slow, hence the effects of air pollutions may accumulate over time 

with long-term exposures (16, 17). Further, by causing a large proportion of 

morbidity, mental diseases such as depression and sleep disturbance have 

been linked with poorer status of various health outcomes (18). Thus, 

quantifying the long-term association between air pollution and mental 

diseases may contribute to reduce the health burden related directly or 

indirectly related to mental disorders and build effective relevant public 

health interventions.  
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Therefore, in the present study, we examined the long-term 

association between the yearlong exposures to concentrations of air pollutants 

(PM10, NO2, and O3) and mental health state in terms of self-expressed 

depression, sleeping time and suicide rate, using population-based health data 

from Seoul, Republic of Korea. Our findings provide important information 

about the impact of air pollutants on mental health, concerning the influence 

of sex, BMI, population density, gross regional domestic product (GRDP) and 

Normalized Difference Vegetation Index (NDVI). Furthermore, this study is 

aimed to provide sufficient evidence to support interventions aimed to protect 

mental health against further adverse effects caused by poor air quality. 
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Chapter 2. Material and Methods 

2.1 Data 

2. 1. 1 Mental health data  

We collected annual community-level mental health data including 

suicide rate (%), experienced depression rate (%), and average amount of 

daily sleep (hour) for the period 2008-2016 for each of the 25 local authority 

districts (i.e. community) in Seoul, Republic of Korea. All the mental health 

variables were distributed by the database of community health outcomes and 

health determinants from the Korea Centers for Disease Control and 

Prevention (KCDC) (19) and standardized by age based on the 2005 

estimated-population. The suicide data were obtained from the Korea 

National Statistics Office, and the codes of 7th Korean Standard Classification 

of Disease (KCD; based on the 10th International Classification of Disease) 

was used to define the suicide (KCD: X60-X84; intentional self-harm). The 

data for experienced depression rate and sleeping time was collected from the 

Korean Community Health Survey (KCHS). The KCHS is an annual 

nationwide health self-report/interview survey conducted by the KCDC 

among adults aged over 19 years old who living in each community. The two-

stage complex, stratified, and probability-cluster sampling procedures were 

used in the KCHS. All the KCHS participants were selected randomly for 
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every year (not individual follow-up data), and the participant size was set 

approximately to nine hundred people for each community and for each year 

(20). In the KCHS, the person who experienced depression was defined as a 

person who has experienced grief or despair which may affect everyday life 

for more than two weeks during the recent year and the average amount of 

daily sleep was defined as usual sleeping hours per day. In this study, a unit 

of the average amount of daily sleep (hour) was converted into minutes. 

2. 1. 2 Air pollution data 

We collected the community-specific annual average air pollution 

data for PM10 (μg/m3), NO2 (ppm), and O3 (ppm) for the period 2008-2016 in 

Seoul. Air pollution data were originally hourly-measured at various 

monitoring site, and the values were averaged across all monitoring sites for 

each year in each community. However, the data for O3 was restricted to the 

warm period, identified as the six warmest months (April to September). 

2.1.3 Confounders/Covariates 

As potential confounders or covariates on the association between air 

pollution and mental health variables, we considered a total of five 

community-level indicators: population density (people per 1km2), sex ratio, 

obesity rate, Normalized Difference Vegetation Index (NDVI), and gross 

regional domestic product (GRDP). Population density, sex ratio, and obesity 

rate were provided by the database of community health outcomes and health 
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determinants from the KCDC (19). Population density and sex ratio were 

calculated by the resident registration data with respect to population. Obesity 

rate was obtained from the KCHS and standardized by age based on the 2005 

estimated-population. The NDVI for 2008–2015 were obtained from the 

Moderate Resolution Imaging Spectroradiometer (MODIS; URL: 

https://modis.gsfc.nasa.gov/) with 0.05˚ x 0.05˚ spatial resolution; we 

performed re-projection and re-size with the scale of each prefecture using R 

statistical software with the MODIStsp package. We derived annual mean 

NDVI based on the monthly measurements. We also obtained community-

level gross regional domestic product (GRDP) data from 2013-2015 from the 

Korea Statistical Information Service (URL: http://kosis.kr) and re-calculated 

GRDP per capita using community-specific populations.  

2.2 Statistical Analysis 

We used a linear mixed regression model (LMM), which allowed for 

simultaneous consideration of spatio-temporal variation in the mental health 

variables, air pollutions, and other confounders/covariates. First, we applied 

a separate LMM with community-specific random intercepts from each single 

pollutant to two-pollutant model to derive estimates of long-term associations 

between air pollutions and mental health outcomes. The associations were 

reported as percentile increases (PIs, %) for the suicide and experienced 

depression rates and as minute increase for the average amount of daily sleep. 
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The primary exposures, air pollutions were included using a with a distributed 

lag model structure. We used a basis function; a linear term for the air 

pollution-mental health variable relationship and a natural cubic spline with 

two equally spaced knots for non-linear lag-mental health variable 

relationship with maximum lag of 5 years. These choices of distributed lag 

model specifications were based on a previous study investigating the long-

term effects of air pollution on cardiovascular disease prevalence with KCHS 

data (21). Further, we controlled population density, sex ratio, obesity rate, 

and NDVI variables for the year corresponding to the response variables as 

linear terms. Meanwhile, we adjusted average GRDP per capita during the 

GRDP collection period (2013-2015; 3 years only) as a time-constant linear 

variable, because the variable was not provided annually during the study 

period. In order to avoid convergence problems due to the unit of variable, 

GRDP per capita variable was log-transformed. Time trend were adjusted 

using a natural cubic B-spline of year with two equally spaced knots to avoid 

temporal confounding. The spatial correlations were accounted for including 

the latitude and longitude of each community in the model, respectively.  
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In addition, to examine whether the association between air 

pollutions and mental variables are modified by confounder/covariate 

indicators, we included linear interaction terms between the basis of air 

pollutions and every five confounders/covariates respectively, and repeated 

the single pollutant model for each corresponded air pollutant. 

 

2.3 Sensitivity analysis 

The sensitivity of our statistical modelling assumptions was tested by 

changing lag years, number of knots for lagged air pollution-mental health 

variable relationships and time trend. The sensitivity analysis also 

incorporated the first-order serial autoregressive structure to consider the 

residual serial correlations. 
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Chapter 3. Results 

Figure 1 shows average values for each air pollutions (a-c) and 

mental health variables (d-f) during the entire study period. The distribution 

of average air pollutions varied among communities in Seoul during the study 

period; mean values of average PM10, NO2, and O3 were 47.7μg/m3 (ranging 

from 44.4 to 50.2μg/m3), 33.3 ppm (29.2 to 38.3 ppm), and 21.2 ppm (18.2 to 

24.7 ppm), respectively. The distribution of average mental health variables 

also varied among communities; mean values of average suicide rate, 

experienced depression rate, and average amount of daily sleep were 21.2% 

(ranging from 18.2 to 24.7%), 7.4% (6.0 to 8.7%), and 392.7 minutes (390.7 

to 396), individually. Figure S1 shows the temporal trends for each air 

pollution and mental health variable. Descriptive statistics of 

confounders/covariates were reported in Table S1. 
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Figure 1.  Average values for each air pollutions (a-c) and mental health variables (d-f) 

during the entire study period 

 Table 1 displays the five years lag-cumulative association between 

air pollutions and mental health variables from the single pollutant models. 

Higher annual PM10 and NO2 concentrations were significantly associated 

with higher suicide rate; PI per 10μg/m3 increase in PM10 was 3.2% (95% 

confidence interval [CI]: 0.5 to 5.9%) and PI per 1 ppm increase in NO2 was 

0.3% (95% CI: 0.1 to 0.5%). The relationship between O3 and suicide risk 

was insignificant, although the relationship was positive; PI per 1 ppm 

increase in O3 was 0.1% (95% CI: -0.4 to 0.5%). We did not find significant 

association between the experienced depression rate and air pollutions; only 

O3 showed weakly-significant (p-value<0.2) positive association with the 
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experienced depression rate with PI per 1ppm increase was 0.2% (95% CI: -

0.1 to 0.4%). Further, the higher air pollution levels were associated with the 

lower average amount of daily sleep, however, these associations were not 

statistically significant. Table S2 shows the five years lag-cumulative 

association between air pollutions and mental health variables from the two-

pollutant models; overall estimated PIs were robust to two-pollutant models 

for all of air pollutions and mental health variables. 

 

Table 1. Five years lag-cumulative association between air pollutions and mental health 

variables from the single pollutant models. 
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Figure 2 shows the lag-distributed association between air pollutions 

and mental health variables, and the associations between air pollutions and 

mental health variables at lag 0, lag0-1 (two years lag-cumulative) and lag0-

2 (three years lag-cumulative) were reported in Table S3. In the suicide rate, 

the PM10 and O3 showed the highest PIs at lag 0 year (PM10: 2.0% with 95% 

CI: 0.6 to 3.4% and O3: 0.2% with 95% CI: 0 to 0.4%) and the PIs decreased 

over the lags with indications of delay up to 2-3 years. Whereas, the effect of 

NO2 on suicide rate was highest at lag 1 year (PI at lag 1 year: 0.12% with 

95% CI: 0.06 to 0.19%) followed by a longer delay up to 4 years. In the 

experienced depression rate, the PM10 and NO2 showed the highest PIs at lag 

0 year (PM10: 0.3% with 95% CI: -0.6 to 1.2% and NO2: 0.1% with 95% CI: 

0 to 0.2%). On the other hand, O3 showed a distinct lag-pattern with other 

pollutions; the effect of O3 increased up to 2 lag year and lag 0-2 years 

cumulative PI was 0.2% (95% CI: 0 to 0.4%). Meanwhile, the effects of PM10 

and NO2 on decrease in average amount of daily sleep were pronounced in 

lag 0 to 1 years, particularly, and the PI of PM10 was statistically significant 

at lag 0 year (PI: -2.2% with 95% CI: -4.3 to -0.2%). While, O3 showed a 

different lag pattern with the other pollutions, we did not observe evident 

estimates (i.e. large 95% CI) across all lag years.  
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Figure 2. Lag-distributed association between air pollutions and mental health 

variables   
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  Table 2 shows the effect modification of confounder/covariate 

indicators on the five years lag cumulative air pollution-mental health 

associations. In the suicide rate, the higher sex ratio was associated with 

higher PM10-suicide relationship (PI: 0.03% with 95% CI: 0 t to 0.06%) and 

the higher logged GRDP per capita was also associated with higher PM10 and 

NO2-suicide relationships (PI of PM10-related suicide risk: 0.08% with 95% 

CI: 0 to 0.16% and PI of NO2-related suicide risk: 1.91% with 95% CI: 0.28 

to 3.53%). In addition, the higher NDVI was strongly associated with lower 

PM10-experienced depression rate (PI: -0.09%, with 95% CI: -0.16 to -0.03%), 

and it also showed negative association with the PM10 effects on suicide rate 

(PI: -0.05% with 95% CI: -0.14 to 0.05%) and daily sleeping time (PI: -0.12% 

with 95% CI: -0.27 to 0.02%). Meanwhile, obesity rate showed opposite 

modification patterns on the NO2-suicide and NO2-experienced depression 

relationships: the higher obesity rate was significantly associated with lower 

NO2-related suicide risk (PI: -0.59% with 95% CI: -1.13 to -0.05%), however, 

it showed weak-significant (p-value=0.13) association with the higher 

experienced depression rate (PI: 0.28% with 95% CI: -0.08 to 0.64%).  

Finally, our overall conclusions were robust to sensitivity analyses 

(Table S4). With the modeling specifications changed, results were generally 

consistent, suggesting that the association between air pollutions and mental 

health variables exist.   



15 

  /

Table 2. The effect modification of air pollutions-mental health variables association (percentile increase, PI %) 
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Chapter 4. Discussion 

We investigated the long-term association between community-level 

air pollutions (PM10, NO2, and O3) and mental health variables in Seoul 

during the period 2008-2016. In five-years cumulative results, we found that 

the higher PM10 and NO2 levels were significantly associated with higher 

suicide rate and the higher O3 was weakly associated with higher experienced 

depression rate. The study also found a negative five years-lag cumulative 

associations between the air pollutions and daily amount of sleep time, 

although these were statistically insignificant. While, the association between 

air pollutions and mental health variables were generally more evident in 

shorter lag-years. In the shorter lag results (a lag0 or lag0-1 years), the 

negative effects of air pollutions on mental health were generally more 

pronounced, compared to the estimates with longer lag periods. Moreover, 

some regional variables modified the air pollution effects on mental health 

variables such as the multiple PM10-related mental health variables were 

associated with sex ratio, GRDP per capita and NDVI.  

Previous researches have suggested many possible mechanisms to 

explain the deleterious association between air pollutants and mental health. 

Due to its small size which is enough to penetrate through lungs and 

bloodstream (22), high levels of air pollutants can reach neurons and possibly 

induce proinflammatory cytokines which may cause a neuroinflammatory 
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effect on the brain (23). Consequently, these pathways may lead to 

neurodegenerative diseases such as Parkinson disease (6, 24) and the 

development of depression, suicidal behavior, or both (10-12).  

Moreover, as potent oxidants, inhalation of concentrated air 

pollutants has been shown to reduce respiratory function, which may lead to 

decreased oxygen saturation, oxidative stress, and eventually hypoxemia (25, 

26). Studies regarding hypobaric hypoxia have shown that exposure can cause 

an increase in brain norepinephrine and dopamine levels and a decrease in 

serotonin and Glutamic Acid Decarboxylase levels. Alteration in these 

neurotransmitters was accompanied with reduction in quality and quantity of 

sleep (27). Furthermore, decreased levels of serotonin have been implicated 

in the neurobiology of suicide (28). 

There were several prior studies showing that high levels of air 

pollution may disrupt sleep. A study conducted in U.S found that the group 

exposed to the highest levels of NO2 and PM 2.5 showed generally lower 

sleep efficiency respectively, compared to the lowest exposure 

group(29)．Another multi-ethnic study also found that increase in sleep 

apnea due to NO2 and PM 2.5 exposures(30)．Furthermore, these studies 

also indicate the exposure to high air pollution not only affect cardiac and 

respiratory diseases, but also quality of sleep. In order to enhance sleeping 

quality and relevant health conditions, further studies should explore the in-
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depth biological and epidemiological mechanisms between air pollution and 

amount of sleep. 

Our findings are generally consistent with results from previous 

studies. Previous researches provided valuable information that long-term 

exposure to PM may cause a change to serotonergic activity, what contributes 

to the depressive symptom appearance (31) and reported that long-term 

exposed to low air quality may affect the emotional symptoms of depression 

(32). Other previous studies also reported the association between air 

pollutants and low sleep efficiency/increased sleep disruption (30) and people 

exposed to higher annual concentrations of NO2 and PM2.5 showed greater 

risks of sleep disorder(29). In addition, a study conducted in China observed 

a significant increase in suicide risk due to air pollutants, showing with an 

odds ratio of 1.13 (95 % confidence interval (CI): 1.01, 1.27) and 1.15 (95 % 

CI: 1.03, 1.28) for PM10 and NO2 respectively for three years after 

exposure(33). And the short-term effect of air pollution on suicide was 

reported in Korea ; higher risk of suicide was associated with higher levels of 

PM10 and NO2 with the relative risks 1.016 (95% CI: 1.004, 1.029) and 1.019 

(95% confidence interval [CI]: 0.999, 1.039) respectively (34).  

 Interestingly, we found some possibilities that some regional 

variables may modify the impacts of air pollution on mental health, and this 

modification was more pronounced in the PM10-related mental health 
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variables. Especially, the higher sex ratio and GRDP per capita was associated 

with higher suicide risk-related to PM10 and NO2, although the effect 

modification of sex ratio in the NO2-suicide rate association was not 

significant. We postulated that this modification patterns can partly explained 

by previous study results showing that the higher depression and higher 

suicide attempt were associated with higher regional income (35, 36). 

However, rich studied identified that the lower mental health status was more 

prominent in people with low income level and economic recession period 

(37-39), thus this conflicting results should be more discussed with finer study 

designs in further studies. In addition, higher obesity rate was generally 

related to higher PM10- and NO2-related suicide risk, however, the opposite 

patterns were observed in the experienced depression. A previous systematic-

review study reported that an inverse relationship between BMI and suicide 

exists. While there is some evidence that obesity is positively related to 

depression, there were multiple studies showed conflicting results about the 

association between obesity and depression (40). Though there have been 

intense disputes regarding the biological and socio-economical mechanisms 

of the opposite pattern between obesity and mental health (40), our results 

may be consistent with the results from previous studies. Moreover, the higher 

NDVI was weakly or significantly associated with lower suicide and 

experienced depression risks-related to PM10 and NO2, and this result also 

may be consistent with previous results which show that the benefits of 
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greenness to mental health (41). Meanwhile, O3 showed inconsistent results 

with other pollutions, and we conjecture that this discrepancy may be 

associated with characteristics of O3 differentiated from PM10 and NO2: O3 

has more climate-affected (especially, by ambient temperature) pollutant than 

other two pollutions, which is heavily influenced by industry and traffic 

factors (42); however, our study is limited to provide a plausible explanations, 

thus future research is merited to identify the related factors or the mechanism 

that explain the differential modification pattern, such as education level, 

sunshine, or work-related lifestyles. 

 The key strength of the present study is that it is the study to examine 

the long-term effect of air pollutions on mental health variables, based on the 

community-level dataset. We found the significant long-term positive 

association between suicide and concentrations of PM10 and NO2, and this 

association was more evident in the shorter lag period (from the current to 

one lagged-years). In addition, during the short-lag period, most air pollutions 

showed adverse effects on the experienced depression and sleeping time, 

although not all estimates were significant. Also, using a flexible statistical 

modelling, we modeled a flexible long-term delay effect of air pollutions on 

mental health, which has not been done in previous studies. In addition, as 

evaluating the effect modification of regional demographic, socio-economic, 

and environmental characteristics, we suggested the plausible characteristics 

which can amplify the impacts of air pollution on mental health. Because 
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Korea showed the highest suicide rate and lowest average amount of daily 

sleep in the OECD countries (43, 44) with relatively high air pollution level 

compared to developed countries (45), therefore we believe our study can 

provide quantified evidence for establishing and implementing air pollution 

reduction policies in Korea. 

 We acknowledge several limitations in this study. First, this study 

results had substantial limitation to be interpreted as individual level 

association between air pollution and mental health status. Since a usage of 

address data has been limited in Korea, we could not measure an individual-

level exposure to air pollution, thus the community-level aggregated exposure 

data was used in the study. In addition, as mentioned in Method section, the 

KCHS, which provided the experienced depression and amount of daily sleep, 

is a cross-sectional study, thus it does not include the individual follow-up 

dataset. Therefore, our study results should be interpreted as aggregated 

results in community-level. Second, although some previous studies reported 

the good quality of self-reported survey (46, 47), and quality control for 

KCHS interviewers and survey results has been conducted (21), there can be 

underlying problems regarding misclassifications and recall bias. Third, our 

results have limitation to represent the total population of Korea, because 

communities in Seoul were only contained in our study. There were some 

uncontrollable reasons why we had to narrow the study regions: First, there 

were less than 100 communities where air pollution data was measured 
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reliably during the entire study period without site changes or missing more 

than 10% of daily data. Second, though the communities with reliable 

pollutant measurement showed highly-heterogeneous distributions of air 

pollutions, mental health, socio-economic, and environmental statuses, we 

could not find potential confounders and appropriate statistical approaches 

which can control the heterogeneities among communities. However, because 

about 20 percent of the Korean people have lived in Seoul which has the 

relatively small area and the homogeneous living environment rather than 

other communities (48), we believe that our population size is enough to have 

policy implications, and our selection is a more appropriate approach to 

estimate the conditional air pollution-mental health association without 

potential confounding. 
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Chapter 5. Conclusion 

In summary, we found suggestive evidence for long-term association 

between air pollutions (PM10, NO2, and O3) and mental health variables 

(suicide, experienced depression, and amount of daily sleep) in 25 

communities within Seoul, Republic of Korea. Furthermore, we also found 

that the associations between air pollutions and mental health variables were 

more prominent at the shorter lag period (between lag 0 to 1 years) and 

regional demographic, economic, and greenness level may affect increase or 

decrease in the air pollution-mental health associations. Our results may 

provide epidemiological evidence to inform modifying current and 

implementing community-specific air pollution action plans and can suggest 

mental health implications for public health policies.  
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Appendix 

 

Table S1. Summary statistics for regional characteristics  

 

 

 

 

Table S2. 5-years lag-cumulative Association between air pollutions and mental health 

variables (percentile increase, PI %); estimates from two-pollutant models 
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국문초록 

지역변수를 고려한 서울의 대기오염과 

정신건강수준의 상관성 분석 

, 2008-2016:Cross-sectional study 

 

 서다은 

보건학과 보건통계학전공 

서울대학교 보건대학원 

１． 연구배경  

최근 대기오염은 정신건강에 영향을 미쳐 그로 인한 사망률까지 높임

으로써, 세계적으로 가장 문제시되는 환경보건문제 중 하나로 떠오르고 

있다. 대기오염물질이 신경독성물질로서 뇌에 도달하여 인지적∙정신적 

장애를 야기할 수 있으며, 더 나아가 수면장애, 우울증이나 자살행동까

지 유발할 수도 있다는 점에서 더욱 관심이 필요하다. 하지만 정신건강

에 미치는 대기오염의 단기적 영향력에 대한 많은 기존연구와 달리 장기

적 영향에 대한 연구는 비교적 부족하다. 따라서 본 연구에서는 대기오

염과 정신건강수준 사이에 어떤 장기적 연관성이 있는지를 파악하고 개

인의 인구학적, 경제적, 환경적 요소가 대기오염과 정신건강수준에 여향

을 미치는지에 대하여 분석하였다.  
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２． 연구목적 

 본 연구는 서울시에서 연간 농축된 대기오염이 자기표현 우울감, 수면

시간, 자살율과 같은 정신건강수준에 미치는 장기적 영향을 알아보고자 

한다.  

 

3. 연구방법  

 본 연구는 정신건강수준에 대한 대기오염의 영향을 추정하기 위해 2008

년부터 2016년까지 질병관리본부에서 수집된 지역사회건강조사 자료를 

이용하여 서울시 25개 지역의 약 22,500명의 만 19세 이상 성인을 대상

으로 연구하였다. 대기오염농도는 해당인구가 속한 지역의 연평균 값을 

이용하였으며, 1년, 2년, 3년, 4년, 5년간의 평균농도를 노출로 평가하

여 linear mixed regression model 분석을 하였다. 또한, 대기오염과 정

신건강수준사이에 5가지 공변량이 각각 영향을 주는지 알아보기 위하여 

선형상호작용을 분석하였다.  
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4. 결과  

본 연구에서는 대기오염이 정신건강수준에 미치는 장기적 영향에 대해 

파악해보았다. 연구결과, 연간 PM10과 NO2가 높을수록 자살율이 각각 

3.2 %, 0.3 %로 매우 유의미하게 증가함을 관찰할 수 있었다. 또한 성비

가 높고 지역내총생산이 높을수록 더 큰 연관성이 있음이 나타났다. O3

와 자살율 및 우울감 사이에는 긍정적인 관련이 있었으나 통계적 유의성

을 보이진 않았다. 대기오염수치가 높을수록 평균 수면시간이 줄어드는 

경향을 보였고, 높은 녹지율이 PM10과 자기표현 우울감 사이에 강한 연

관성을 나타냈다. 한편, 이외의 비만율 등 사회인구학적 공변량은 대기

오염의 정신건강수준에 대한 퍼센티지를 증가시키는 경향을 보였으나 통

계적으로 유의하지는 않았다. 

 

5. 결론  

서울시 25개 지역사회에서 대기오염은 정신건강수준과 장기적 상호연

관성이 있으며, 사회인구학적요소가 정신건강수준에 대한 대기오염의 효

과에 영향을 미칠 수 있다.  

 

주요어 : 대기오염, 정신건강, 우울감, 자살률, 수면장애 

학  번 : 2016 - 24007 
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