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A study on longitudinal relationship -
between ultrafine dust and the prevalence
of depression
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Abstract

Background Recently, the fine dust problem caused by rapid industrialization and science and technological
development has emerged as a severe social issue worldwide. This also increases the interest in its effect on human
life. In particular, there is a growing concern about the harm of fine dust in Korea.

Methods This study is based on the PM 2.5 data from 2017 to 2021 provided by Air Korea to estimate changes in
ultrafine dust. In addition, the data from the Community Health Survey provided by the Korea Centers for Disease
Control and Prevention (KCDC) from 2017 to 2021 were used to examine the effect between the change in ultra-fine
dust and the prevalence of depression. A total of 229 local governments were included in the analysis. The Latent
Growth Modeling was carried out to estimate the change in ultra-fine dust and the prevalence of depressions and
verify the relationship between ultra-fine dust and the prevalence of depression.

Results The analysis result revealed that the ultra-fine dust concentration continued to decrease from 2017 to 2021.
However, the depression prevalence increased from an average of 2.60% in 2017 to an average of 3.12% in 2021,
suggesting the need for adequate and sufficient welfare policies for depression treatment. As a result of estimating
the initial value and change rate of ultra-fine dust and depression prevalence, the higher the initial value of ultra-fine
dust, the greater the decrease in ultra-fine dust. In terms of depression, the lower the initial value of the prevalence of
depression, the larger the increase in depression prevalence.

Conclusions This study is significant in that it revealed the strong association of the longitudinal relationship
between ultra-fine dust and depression, one of the biggest issues in Korea, by utilizing large-scale longitudinal data.
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Background

As fine dust has become a serious social issue in recent
years as a result of rapid industrialization and the devel-
opment of science and technology, interest in the impact
of fine dust on human health has grown. According to
the World Health Organization (WHO) International
Agency for Research on Cancer, fine dust has been classi-
fied as a class 1 carcinogen since 2013. The fine dust not
only affects respiratory and cardiovascular diseases but
also cerebrovascular and nervous system diseases, result-
ing in worsened lung function and increased mortality
rates [1, 2]. Further, long-term high level of fine dust has
been reported to have adverse effects not only on physi-
cal health but also on mental health, such as depression
and suicide risk [3-5]. Academic efforts are being made
to empirically verify the relationship between fine dust
and mental health in various contexts.

According to previous studies on the effects of fine dust
on mental health, fine dust causes inflammation and oxi-
dative stress as it enters the human body, which can affect
the pathogenesis of depression [6]. In terms of fine dust,
there are differences in the effect on the human body
depending on its particle size [7]. The ultra-fine dust
(Particle Matter; PM 2.5) with a diameter of 2.5um even
affects the dopamine secretion of the nervous system in
the brain, which may cause depression to be aggregated
and suicide rates to increase [6, 8], In other words, con-
sidering that growth in depression symptoms due to fine
dust can result in an increase in the suicide rate, which
reflects the health of society, it is necessary to explore
and intervene in the relationship between fine dust and
depression at the local government level.

However, previous studies that explored the rela-
tionship between fine dust and depression have been
restricted to the influence of fine dust on individual
depression, which is limited in that they have not taken
the regional prevalence of depression in a more mac-
roscopic context into consideration. The relationship
between fine dust and depression has been studied cross-
sectionally and piecemealed, but no longitudinal study
has explored this relationship. This study applied the
methodology of Latent Growth Modeling to longitudi-
nally estimate the changes in the prevalence of fine dust
and depression at the regional level in Korea, allowing
for an in-depth exploration of the rate of change between
variables. The study aimed to verify the impact of the ini-
tial value and rate of change in the fine dust on the initial
value and rate of change in the prevalence of depression.
Through this, it is expected to expand the relationship
between fine dust and depression as suggested in previ-
ous studies into a longitudinal and macroscopic context;
it will enable the establishment of practical measures to
reduce the prevalence of depression through intervention
in the local government-level-centered on environmental
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factors. The research questions set to achieve the end are
as follows.

1. What is the initial value and change rate of the
prevalence of ultra-fine dust and depression?

2. What is the effect of the initial value and change rate
of ultra-fine dust on the initial value and change rate
of the prevalence of depression?

Methods

Data

This study is based on the PM 2.5 data from 2017 to 2021
provided by the Air Korea website (https://www.airkorea.
or.kr/) to estimate changes in ultrafine dust. Air Korea,
managed by the Korean Environment Corporation, is a
homepage that publicly discloses real-time air quality
information throughout the country, where people can
get information on the fine dust. To confirm whether the
change in ultra-fine dust affects the prevalence of depres-
sions, data from the Community Health Survey provided
by the Korea Centers for Disease Control and Preven-
tion (KCDC) from 2017 to 2021 were used. This study
analyzed 229 local governments that can estimate the
prevalence of ultra-fine dust and depression from 2017 to
2021.

Variables

Independent variable: ultra-find dust

The ultra-fine dust subject of this study is PM 2.5, which
refers to fine dust with a diameter of less than 2.5um
with a dust concentration smaller than 2.5/1000 mm. The
annual average ultra-fine dust in each local government
was used in this study.

Dependent variable: prevalence of depression

The depression of this study is diagnosed with the Korean
version of the Patient Health Questionnaire-9 (PHQ-
9), a self-report test that can screen for depression and
its severity, which is a widely used tool in a clinical set-
ting for its high validity and reliability [9]. PHQ-9 was
developed by Kroenke, Spitzer and Williams [10] and
comprised of 9 items asking about symptoms in the last
two weeks based on nine diagnostic criteria for major
depressive disorders. Respondents can answer with
never (0 points), for several days (1 point), for more than
a week (2 points), or for almost every day (3 points) for
each item, and the total score ranges from 0 to 27 points.
Previous researches suggested 10 points as a cut-off
value for depression [10, 11]. This study also defined a
PHQ-9 score of 10 or higher as having depression. The
prevalence of depression was set as the percentage (%) of
people with a total PHQ-9 score of 10 or higher for each
local government.
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Table 1 Descriptive statistics

Years Min Max Mean SD
Ultra-fine dust 2017 1517 35.72 2472 331
2018 1491 31.79 22.87 3.18
2019 12.63 3263 22.59 4.01
2020 10.28 25.21 18.56 3.02
2021 10.93 2517 17.78 312
Depression 2017 0.00 6.80 2.60 1.31
2018 0.10 7.00 2.66 1.33
2019 040 8.00 2.86 1.38
2020 0.00 840 3.05 143
2021 0.10 830 312 1.39

Note: Min=Minimum, Max=Maximum, SD=Standard Deviation

Statistical analysis

The analysis method and procedure used in this study
to validate the longitudinal relationship between ultra-
fine dust and the prevalence of depression are as follows.
SPSS 27.0 and M-plus 8.0 programs were used for data
handling and model analysis. First, descriptive statistical
analysis was conducted to identify the characteristics of
the main variables. Second,

Third, Latent Growth Modeling was carried out to esti-
mate the change in ultra-fine dust and the prevalence of
depressions and verify the relationship between ultra-
fine dust and the prevalence of depression. Tucker-Lewis
Index (TLI), Comparative Fit Index (CFI), and Root
Mean Square Error of Approximation (RMSEA) were
used to determine the fitness of the model. The research
methodology of this study was reviewed by professors
and scholars who hold doctoral degrees in nursing, pub-
lic health, and related fields.

Results

Descriptive statistics

Ultra-fine dust continued to decrease from an average
of 24.72ug/m®*(Standard Deviation; SD=3.31) in 2017 to

Table 2 Model fit of unconditional model
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an average of 17.78ug/m*(SD=3.12) in 2021 (Table 1).
The prevalence of depression increased from an aver-
age of 2.60% (SD=1.31) in 2017 to an average of 3.12%
(SD=1.39) in 2021.

Research model analysis

The potential growth model was analyzed into two
stages. In the first stage, the Analysis of Unconditional
Model was used to estimate the initial value and change
rate of ultra-fine dust and depression prevalence. In the
second stage, the relationship between ultra-fine dust
and the prevalence of depressions was examined through
the Analysis of Conditional Model based on the initial
value and change rate obtained in the first stage.

Analysis of unconditional model

Before proceeding with the analysis of conditional model,
an analysis of unconditional model was carried out to
find out the changes in ultra-fine dust and the prevalence
of depression (Table 2). To identify the optimal change
pattern through the unconditional model, the no growth
model and the Linear Growth Model were analyzed,
respectively. The result shows that the goodness of fit
of the Linear Growth Model better explains the relation
between ultra-fine dust (x*=57.071(p<.001), CFI=0.905,
TLI=0.905, RMSEA=0.089) and the prevalence of
depression (x*=31.651(p<.001), CFI=0.937, TLI=0.937,
RMSEA=0.077) than that of No Growth Model.

The analysis result of the finally selected unconditional
linear growth model shows that the average of the initial
ultra-fine dust values is 24.133(p<.001), and the variance
is 8.886(p<.001), indicating the initial levels of ultra-fine
dust differ among local governments (Table 3). The aver-
age change rate of ultra-fine dust is -1.593(»<.001), and
the variance is 0.553(p<.001), showing that ultra-fine
dust decreases over time, displaying the change rate of
ultra-fine dust differs among local governments.

Model Ve df CFI TLI RMSEA

Ultra-fine dust No Growth Model 145529™ 13 0.738 0.753 0.143
Linear Growth Model 57071 10 0.905 0.905 0.089

Prevalence in depression No Growth Model 43366 13 0.884 0.892 0.101
Linear Growth Model 31651 10 0.937 0.937 0.077

Note: "’p<.001, df=degree of freedom; CFI=Comparative Fit Index; TLI=Tucker-Lewis Index; RMSEA=Root Mean Square Error of Approximation

Table 3 Mean and variance of initial score and rate of change of unconditional model

Variables Mean Variance Covariances

Estimate S.E. Estimate S.E.

Ultra-fine dust Initial Score 241337 0.244 8886 0.308 —0405""
Rate of Change 1593 0.062 0.553™ 0.093

Prevalence in depression Initial Score 26057 0.085 1046 0.164 -0.048™"
Rate of Change 0.115™ 0.027 0054~ 0017

Note: "p<.01,""p<.001, S.E.=Standard Error
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Table 4 Path coefficient of study model
Path between Variables Coef. S.E.
Initial value of ultra-fine dust - Initial value of depression 0.118™ 0.033
Initial value of ultra-fine dust - Change rate of depression 0097 0.027
Change rate of ultra-fine dust - Change rate of depression 0.029 0.015
Note: ""p<.001, Coef. = Coefficient; S.E.=Standard Error
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Fig. 1 Result of the research model analysis

The average of the initial value of depression preva-
lence is 2.605(p <.001), and the variance is 1.046(p <.001),
showing the initial value of depression prevalence varies
among local governments. The average change rate of
depression prevalence is 0.115(p<.001), and the variance
is 0.054(p<.01), displaying that depression prevalence
increases over time and showing that there is a difference
in the change rate of depression prevalence among local
governments.

The covariances of both the initial value and the change
rate of ultra-fine dust and the prevalence of depressions
were significant in a negative value. In other words, the
local government with a higher initial ultra-fine dust
value showed a more significant decrease in terms of
ultra-fine dust than the local government with a lower
initial ultra-fine dust value. In terms of depression preva-
lence, the local government with a higher initial preva-
lence value showed a smaller increase in depression
prevalence than the local government with a lower initial
prevalence value.

Analysis of unconditional model
In the analysis of conditional model, the effect of the ini-
tial value and change rate of ultra-fine dust on the ini-
tial value and change rate of depression prevalence was
verified. The result of the analysis of conditional model
goodness of fit was x2=117.608(p<.001), CFI=0.932,
TLI=0.919, RMSEA =0.084, verified to have no problem
in analyzing the model (Table 4).

The initial value of ultra-fine dust has a significant
effect on the initial value of the depression prevalence
(Coef.=0.118, p<.001) and its change rate (Coef.=0.097,

p<.001) (Fig. 1). In other words, the depression preva-
lence was high in the local governments with higher ini-
tial ultra-fine dust values and showed a drastic surge over
time. However, the depression prevalence was low in the
local governments with lower initial ultra-fine dust values
and showed a gradual increase over time. On the other
hand, the change rate of ultra-fine dust was found to have
no significant effect on the change rate of the prevalence
of depression.

Discussion

The adverse effects of ultrafine dust on health have been
a major concern in the research field. As air pollution
worsens, there have been an increasing number of stud-
ies supporting the relationship between ultrafine dust
and mental health. The growing body of research high-
lighted the impact of ultrafine dust on mental well-being
[12, 13]. In particular, this study focuses on the relation-
ship between ultrafine dust and depression. The associa-
tion between ultrafine dust and depression is related to
the biological mechanisms by which ultrafine dust parti-
cles affect the brain [14]. To be more exact, inhaled ultra-
fine dust can penetrate the nasal passages and enter the
bloodstream, potentially affecting the nervous system.
This direct influence on the neurological pathways related
to stress and emotional regulation can have detrimental
effects on human beings [15]. The relationship between
ultrafine dust and depression has been examined and
proved to correlate in the field of pathology. However,
despite the increasing risk of continuous levels of ultra-
fine dust, the definitive relationship between ultrafine
dust and depression is not yet clear. By pointing out the
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limitations of previous research, this study attempted to
estimate the changes in ultra-fine dust and the prevalence
of depression and verified the relationship between them.

To this end, air quality information from 2017 to 2021,
reported by Air Korea, and managed by the Korea Envi-
ronment Corporation, was utilized, and data on 229 local
governments in Korea were collected. Latent Growth
Modeling was carried out to estimate the change in ultra-
fine dust and the prevalence of depressions and verify the
relationship between ultra-fine dust and the prevalence
of depression.

The analysis result revealed that the ultra-fine dust
concentration continued to decrease from 2017 to
2021. Especially it decreased the most from an average
of 22.59ug/m® in 2019 to an average of 18.56ug/m® in
2020, which may be the result of strong fine dust poli-
cies, such as the introduction of the first fine dust season
management in December 2019 first time in Korea and
strengthening the standards for air pollutant emissions at
business sites [16]. Furthermore, the decrease in national
energy consumption, ship arrival and departure, and air
operations due to the COVID-19 situation may have pos-
itively affected the improvement of ultra-fine dust [17].
However, the depression prevalence increased from an
average of 2.60% in 2017 to an average of 3.12% in 2021,
suggesting the need for adequate and sufficient welfare
policies for depression treatment. As a result of estimat-
ing the initial value and change rate of ultra-fine dust
and depression prevalence, the higher the initial value of
ultra-fine dust, the greater the decrease in ultra-fine dust.
This may be due to discriminatory responses by each
region, according to the survey on changes in ultra-fine
dust concentration, as the ultra-find dust measurement
equipment was installed in all cities (162 cities) in Korea
from 2015 to 2020. In terms of depression, the lower the
initial value of the prevalence of depression, the larger
the increase of depression prevalence, showing that a
preventive approach for the local governments with low
depression prevalence may be required. The investigation
also showed that the depression prevalence was high in
the local governments with higher initial ultra-fine dust
values and showed a rapid increase over time. This result
supports some previous studies that the risk of depres-
sion may increase in people living in areas with high con-
centrations of ultra-fine dust [18-23].

This study concludes a longitudinal relationship
between ultra-fine dust and depression. This suggests
that ultra-fine dust reduction measures are required to
reduce the depression prevalence in the region. How-
ever, as it is not easy to control and manage ultra-fine
dust in reality, the region with high air pollution based
on the current state of ultra-fine dust must be linked with
practical measures to mitigate local depression preva-
lence. One example would be the ‘Urban Forest Creation
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Project, carried out by the National Institute of Forest
Science, which alleviated the risk of depression through
various activities along with the ultra-fine dust reduction
effects. Moreover, by utilizing the powerful environment
monitoring system, local ultra-fine dust concentration
must be monitored, and a priority and intensive depres-
sion prevention program for regions with high ultra-fine
dust concentration must be developed. In addition, it is
possible to consider a method that provides preemptive
mental health services for regions where a potentially
high prevalence of depression is predicted by consider-
ing trends in ultra-fine dust concentration by region over
time. Furthermore, the management of the objective data
on multifaceted policy efforts for ultra-fine dust-depres-
sion is needed.

This study is significant in that it revealed the strong
association of the longitudinal relationship between
ultra-fine dust and depression, one of the biggest issues
in Korea, by utilizing large-scale longitudinal data. How-
ever, it has a limitation that this research could not con-
trol the external effect of COVID-19 on depression at
the time. Also, the data on depression prevalence from
the Community Health Survey this research is based
on may have data bias issues caused by underreport-
ing of depression. Specific individual features such as
age or family relationships may have different influences
on the longitudinal relationship between ultra-fine dust
and depression. Further epidemiological studies are rec-
ommended to be carried out by supplementing these
limitations. Furthermore, in this study, we examined the
average annual concentration of ultrafine dust while con-
sidering the level of depression. However, to obtain more
definitive results, it is recommended to devise alternative
methods. In future studies, it is recommended to con-
sider variables other than the average annual concentra-
tion of ultrafine dust. Additionally, although the analysis
unit of this study was at the local government level, the
dependent variable focused on the number of individu-
als with depression in each locality. While analyzing at
the local government level is feasible, there were limita-
tions due to utilizing measurements at the individual
level. Therefore, it is recommended to devise methods
that take depression into account at the local government
level for following studies.
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