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Objective: The authors assessed the re-
lationship between exposure to ambient
particulate matter and suicide in urban
settings during a 1-year period.

Method: The association between partic-
ulate matter and suicide was determined
using a time-stratified case-crossover ap-
proach in which subjects served as their
own controls. All suicide cases (4,341) in
2004 that occurred in seven cities in the
Republic of Korea were included. Hourly
mean concentrations of particulate mat-
ter <10 um in aerodynamic diameter
(at 106 sites in the seven cities) and par-
ticulate matter <2.5 um in aerodynamic
diameter (at 13 sites in one city) were
measured. The percent increase in sui-
cide risk associated with an interquartile
range increase in particulate matter was
determined by conditional logistic regres-
sion analysis after adjusting for national
holidays and meteorological factors. Sub-
group analysis was performed after strati-

fication by underlying disease (cardiovas-
cular disease, diabetes mellitus, chronic
obstructive pulmonary disease, cancer,
and psychiatric illness).

Results: The largest associations were a
9.0% increase (95% (1=2.4-16.1) and a
10.1% (95% C1=2.0-19.0) increase in sui-
cide risk related to an interquartile range
increase in particulate matter <10 um
(average of 0 to 2 days prior to the day
of suicide) and particulate matter <2.5
um (1 day prior to the day of suicide),
respectively. Among individuals with car-
diovascular disease, a significant associa-
tion between particulate matter <10 um
(average of 0 to 2 days prior to the day of
suicide) and suicide was observed (18.9%;
95% C1=3.2-37.0).

Conclusions: A transient increase in
particulate matter was associated with
increased suicide risk, especially for in-
dividuals with preexisting cardiovascular
disease.

(Am ] Psychiatry 2010; 167:1100-1107)

’I:le World Health Organization estimates that suicide
accounts for nearly 2% of all deaths in the world (1). Ac-
cording to the Republic of Korea National Statistical Of-
fice, suicide was the fifth leading cause of death in 2006,
accounting for 4.4% of all deaths. The number of suicides
per 100,000 people in the Republic of Korea increased
from 14.1 in 1996 to 23.0 in 2006, which was the greatest
increase among developed countries.

Epidemiologic and observational clinical studies have
evaluated the effects of biological, social, and psychologi-
cal factors on the risk of suicide (2, 3). In addition, several
studies have reported that air pollution can decrease psy-
chological well-being and neuropsychological function-
ing, contributing to increased psychiatric admissions and
emergencies (4, 5). However, the association between air
pollution and suicide has not been evaluated.

The case-crossover approach developed by Maclure (6)
has been widely used to assess adverse health effects of
short-term exposure to air pollution. In the case-crossover
design, subjects who have experienced an event of interest
serve as their own controls; exposure to air pollution before
the event is compared with exposure during one or more
periods during which the event did not occur. Thus, the

case-crossover design used in environmental epidemiol-
ogy resembles both a classic crossover and a matched case-
control study. Recently, epidemiologic studies using the
case-crossover design have provided important empirical
evidence for acute effects of air pollution on the risk of re-
spiratory or cardiovascular morbidity and mortality (7-10).

In this study, we determined the association between
short-term exposure to ambient particulate matter and
the risk of suicide using a time-stratified case-crossover
study design.

Method

Study Subjects

Data on suicides that occurred in seven metropolitan cities
(Seoul, Busan, Incheon, Daejeon, Daegu, Gwangju, and Ulsan) in
2004 were obtained from the Death Statistics Database of the Na-
tional Statistical Office, and postmortem examination data were
obtained from the National Police Agency. A total of 4,341 suicide
cases were included in this study.

To determine the medical conditions of study subjects, medi-
cal care utilization data from the year preceding death were ob-
tained from the Health Insurance Review Agency. All legal resi-
dents of the Republic of Korea are covered by the Korea National
Health Insurance program, and their medical care utilization,

This article is the subject of a CME course (p. 1141).

1100 ajp.psychiatryonline.org

Am | Psychiatry 167:9, September 2010



KIM, JUNG, KANG, ET AL.

TABLE 1. General Characteristics of 4,341 Suicides in Seven Cities in Korea in 2004

Male (N=2,998)

Female (N=1,343)

Characteristic N % N %
Age
<35 years 600 20.0 381 28.4
3664 years 1,747 58.3 558 41.6
>65 years 651 21.7 404 30.1
Season
Spring 857 28.6 384 28.6
Summer 801 26.7 363 27.0
Fall 656 219 278 20.7
Winter 684 22.8 318 23.7
Socioeconomic status®
Quintile 1 967 323 415 309
Quintile 2 603 20.1 251 18.7
Quintile 3 545 18.2 228 17.0
Quintile 4 441 14.7 197 14.7
Quintile 5 442 14.7 252 18.8
Underlying disease
Cardiovascular disease 544 18.2 292 21.7
Diabetes mellitus 284 9.5 108 8.0
Chronic obstructive pulmonary disease 250 8.3 138 10.3
Cancer 163 5.4 49 3.7
Psychiatric illness 669 223 511 38.1
Total” 1,327 44.3 736 54.8

* Socioeconomic status was estimated using the Korea National Health Insurance premiums: quintile 1=the lowest 20% and those receiving

medical aid; quintile 5=the highest 20%.

® Any one of five disease categories: cardiovascular disease, diabetes mellitus, chronic obstructive pulmonary disease, cancer and psychiatric illness.

including disease codes (ICD-10-CM), prescriptions, and treat-
ment procedures, is reviewed by the Health Insurance Review
Agency. We evaluated five disease groups as underlying diseases:
cardiovascular disease (I10-I15, 120-125, and 160-169), diabetes
mellitus (E10-E16), chronic obstructive pulmonary disease in-
cluding asthma (J40-J47), cancer (C00-C97), and psychiatric ill-
ness (C10-C33). The subject’s health insurance premium, which
is based on family income and immovable property, was used as
a proxy measure of socioeconomic status. Individual premiums
were categorized into quintiles according to premium statistics
for all Koreans. Beneficiaries of the Medical Aid program were cat-
egorized as the lowest quintile.

Air Pollution and Meteorological Data

Hourly mean concentrations of particulate matter <10 ym in
aerodynamic diameter (10-pm particulate matter) were mea-
sured at 106 outdoor monitoring sites in 2004 (Seoul, 34 sites;
Busan, 19 sites; Incheon, 14 sites; Daejeon, 6 sites; Daegu, 13 sites;
Gwangju, 6 sites; and Ulsan, 14 sites). Hourly mean concentra-
tions of particulate matter <2.5 pm in aerodynamic diameter (2.5-
pm particulate matter) were measured at 13 sites in Seoul. City-
specific mean concentrations of 10-pm particulate matter and
2.5-um particulate matter were calculated, and 24-hour mean
concentrations were used for analysis. All particulate matter data
were provided by the Ministry of Environment and the Seoul Met-
ropolitan Government. Meteorological data on temperature, dew
point temperature, relative humidity, air pressure, and hours of
sunlight were obtained from the National Meteorological Office.
The mean daily concentrations of particulate matter and meteo-
rological variables are summarized in the data supplement that
accompanies the online edition of this article.

Statistical Analyses

The association between particulate matter and suicide was
evaluated with a time-stratified case-crossover study design in
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which the stratum was defined as the month of the event. The
case period for each suicidal death was defined as the confirmed
date of death. In case of death on arrival at the hospital or death
during hospital treatment, the date of emergency care visit or
hospital admission was used. The same days of the week as the
case period within the same month (e.g., Mondays) were selected
as the control periods, thus allowing three or four control days
per case day. Because subjects served as their own controls, cross-
subject differences were controlled by study design (11).

A two-stage hierarchical model was used to assess the associa-
tion between particulate matter and the risk of suicide. In the first
stage, we applied conditional logistic regression analysis (PROC
PHREG), using SAS, version 9.1, to estimate the effect of partic-
ulate matter on suicide risk in each city (12), and the single- or
cumulative-lag model to estimate the effect of particulate matter.
Variables included national holidays, mean hours of sunlight from
the previous 2 days, and cubic splines of meteorological factors:
the temperature (df=6), the mean temperature of the 3 previous
days (df=6), the dew point temperature (df=3), the mean dew point
temperature of the previous 3 days (df=3), the air pressure (df=3),
and the mean air pressure of the previous 3 days (df=3) (13). In the
single-lag model, we estimated the effect of particulate matter on
one day only: the day of suicide or 1, 2, or 3 days prior to the day
of suicide (described as lag 0, lag 1, lag 2, and lag 3, respectively).
In the cumulative-lag model, the effect of particulate matter was
estimated on the specified day and all subsequent days (e.g., cu-
mulative lag 2 used the mean particulate matter concentrations of
lag 0, lag 1, and lag 2). Particulate matter concentrations were fit-
ted into the model as continuous variables. Effect estimates were
expressed as the percent change in suicide risk associated with an
interquartile range increase in 24-hour mean particulate matter
concentration (27.59 pg/m?® increase in 10-pm particulate matter
and 18.20 pg/m?® increase in 2.5-um particulate matter).

In the second stage, the random-effects metaregression model
(PROC MIXED) was used to estimate the overall effect (described
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TABLE 2. Differences in Ambient Particulate Matter Concentrations Between Case and Control Periods for Suicides in Seven

Cities in Korea in 2004°

Percentile
Mean
Measure Difference SD 10th 50th 90th t df p
24-hour 10-um particulate matter (ug/m?)
Lag 0 0.93 27.32 -28.15 -1.52 31.62 2.23 4340 0.027
Lag 1 1.22 27.09 -28.45 -1.18 33.66 2.96 4340 0.003
Lag 2 1.00 28.33 -29.26 -1.51 33.09 2.32 4340 0.021
Lag 3 -0.11 27.47 -29.86 -1.18 31.19 -0.26 4340 0.799
Cumulative lag 1 1.07 23.52 -24.94 -0.83 29.86 3.00 4340 0.003
Cumulative lag 2 1.05 21.68 -22.74 —-0.98 26.92 3.18 4340 0.002
Cumulative lag 3 0.76 20.05 -21.95 -0.83 25.60 2.49 4340 0.013
24-hour 2.5-um particulate matter (ug/m°)"
Lag 0 0.23 14.35 -16.09 -1.28 18.39 1.53 8719 0.126
Lag 1 0.83 14.96 -16.35 -0.59 19.56 5.19 8719 <0.0001
Lag 2 0.33 14.66 -15.87 -1.24 19.11 212 8719 0.034
Lag 3 -0.45 14.20 -18.26 -0.59 18.05 -2.94 8719 0.0033
Cumulative lag 1 0.53 12.87 -14.28 -1.51 17.37 3.87 8719 0.0001
Cumulative lag 2 0.47 11.62 -13.09 -0.89 15.54 3.75 8719 0.0002
Cumulative lag 3 0.24 10.69 -13.35 -1.32 14.79 2.08 8719 0.037

“The day of suicide and 1, 2, and 3 days prior to the day of suicide were described as lag 0, lag 1, lag 2, and lag 3, respectively. Cumulative lag
is cumulative lagged exposure expressed as the mean particulate matter concentrations on the specified day and all subsequent days (e.g.,
cumulative lag 2 indicates mean particulate matter concentrations at lag 0, lag 1, and lag 2). The 24-hour 10-um particulate matter refers to
the 24-hour mean particulate matter concentration <10 um in aerodynamic diameter; the 24-hour 2.5-uym particulate matter refers to the
24-hour mean particulate matter concentration <2.5 ym in aerodynamic diameter.

® Five imputed data sets were used.

as the random-effects estimate) across all cities using the esti-
mates from the city-specific models of the first stage in order to
account for city variability and allow for generalizability beyond
the cities included in the study (8, 9, 12). In addition, data from all
suicides were pooled to determine the association between par-
ticulate matter and suicide. However, 2.5-um particulate matter
was measured in one city only; therefore, only conditional logistic
regression analysis was conducted for those data.

During the study period, data were 100% complete for the
hourly 10-um particulate matter and 95.7% complete for the
2.5-um particulate matter. Missing values for 2.5-um particu-
late matter were imputed using the multiple imputation method
(14); we first generated five copies of the original data set, and
each missing value was replaced with a value generated by the
imputation model (PROC MI). After performing identical condi-
tional logistic regressions on each data set, the results were com-
bined to produce overall estimates and standard errors (PROC
MIANALYZE) (12).

Variability in the effects of particulate matter on suicide could
be attributed to differences in epidemiologic characteristics.
Analyses were performed using the cumulative-lag 2 model after
stratifying separately by sex, age group (<35 years, 36-64 years,
and >65 years), season of death (spring, summer, fall, or winter),
underlying diseases (cardiovascular disease, diabetes mellitus,
chronic obstructive pulmonary disease, cancer, and psychiatric
illness), and socioeconomic status (quintiles of individual insur-
ance premiums). In addition, because deaths associated with
particulate matter were higher during seasonal transition periods
(spring or fall) compared with summer and winter (15), the sea-
son of death was further categorized into two groups: summer/
winter and seasonal transition periods. To reduce the chances of
missing important associations during the early stage of analysis,
we used a statistical significance level of 5% with no correction for
multiple comparisons. We determined statistically significant dif-
ferences between effect estimates across strata of a potential ef-
fect modifier (e.g., the difference between males and females) by
calculating 95% confidence intervals (Cls) (16). All analyses were
conducted using SAS version 9.1.
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This study was approved by the Institutional Review Board of
Yonsei University Health System, Seoul. The authors used ran-
domly generated identification numbers during analysis and had
no information on the identities of suicide victims. All analyses
were performed on Health Insurance Review Agency computer
systems.

Results

The general characteristics of suicide case subjects are
summarized in Table 1. A high proportion were in the age
range of 36-64 years or were of low socioeconomic sta-
tus. Of the 4,341 persons who committed suicide, 2,063
(47.5%) had at least one underlying disease in the catego-
ries of cardiovascular disease, diabetes mellitus, chronic
obstructive pulmonary disease, cancer, or psychiat-
ric illness. Table 2 lists the differences in 24-hour mean
concentrations of 10-um and 2.5-um particulate matter
between case and control periods according to different
time lags. For all time lags except lag 3, concentrations
of particulate matter were higher during case periods
compared with control periods. The mean difference in
particulate matter exposure between the case and corre-
sponding control periods was higher for lag 1 and cumu-
lative lag 1 compared with other time lags.

Figure 1 shows the estimated increase in suicide risk
associated with an interquartile range increase in par-
ticulate matter for different time lags. In the random-ef-
fects estimate, 10-pm particulate matter was significant-
ly associated with an increased suicide risk for all time
lags except lag 3; lag 0 showed borderline significance
(p=0.06). The pooled effect estimate produced similar
results. In contrast, 2.5-um particulate matter was not

Am | Psychiatry 167:9, September 2070
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FIGURE 1. Pooled and Random-Effects Estimates of Change in Suicide Risk Associated With an Interquartile Range Increase

in Particulate Matter®
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?The day of suicide and 1, 2, and 3 days prior to the day of suicide were described as lag 0, lag 1, lag 2, and lag 3, respectively. Cumulative lag
refers to cumulative lagged exposure, that is, the mean particulate matter concentrations on the specified day and all subsequent days. 10-
um particulate matter is particulate matter <10 ym in aerodynamic diameter, and 2.5-um particulate matter is particulate matter <2.5 ym
in aerodynamic diameter. The interquartile range (IQR) was 27.59 ug/m’ for 10-um particulate matter and 18.20 ug/m’ for 2.5-um particulate
matter. Red dots indicate the percent increase in suicide risk, and whiskers indicate 95% confidence intervals.

significantly associated with suicide risk, with the excep-
tion of lag 1.

After stratification of suicide cases by underlying dis-
ease, a statistically significant association between 10-um
particulate matter and suicide risk was observed among
individuals with cardiovascular disease, but not among
those who did not have cardiovascular disease (Table 3).
In contrast, the effect of 10-pm particulate matter on sui-
cide risk for the other disease strata was statistically sig-
nificant in individuals without the underlying disease but
not in those with the disease; however, these effects were
not statistically significant after excluding individuals with
cardiovascular disease. The effect of 2.5-um particulate
matter on suicide risk was not statistically significant in
individuals with or without the underlying diseases. There
were no statistically significant effect modifications in the
association between particulate matter and the risk of sui-
cide by underlying diseases (e.g., the difference between
groups with and without cardiovascular disease) for either
10-pm particulate matter or 2.5-pm particulate matter.

Figure 2 presents the cumulative lag 2 effect estimates
for suicide stratified by age, sex, season of death, and so-
cioeconomic status. In both pooled and random-effects
estimates, 10-pm particulate matter was significantly as-
sociated with increased suicide risk in males, in those in
the age range of 36-64 years, during seasonal transition
periods, and in those of middle socioeconomic status
(quintile 2, p=0.06 in random-effects estimate). Simi-
larly, 2.5-pym particulate matter was associated with an
increased suicide risk in those in the age range of 36-64
years, during seasonal transition periods, and in those of
middle socioeconomic status (quintile 3). However, there
were no statistically significant effect modifications in the
association between particulate matter and the risk of sui-
cide by any of the stratified variables for either 10-pm par-
ticulate matter or 2.5-um particulate matter.

Am | Psychiatry 167:9, September 2010

Discussion

Numerous studies have reported the adverse health
effects of air pollution; however, most have focused on
physical illness, and only a few have examined the effect
of air pollution on mental health (4, 17). To the best of our
knowledge, no previous study has examined the effects of
particulate matter on suicide. In this study, we assumed
that the effects of ambient particulate matter on suicide
were similar to those of physical illness, in which symp-
tom exacerbation occurs in the acute phase (10). There-
fore, we assessed the effect of ambient particulate matter
during the day of suicide and the 3 days prior to suicide.

We observed that transient increases in particulate mat-
ter concentration were associated with increased suicide
risk. For individuals with cardiovascular disease, an inter-
quartile range increase in 10-pum particulate matter was
associated with an 18.9% increase in suicide risk. After ex-
cluding days above the 95th percentile of 10-um particu-
late matter exposure to minimize the influence of outliers,
10-um particulate matter concentration was associated
with a 17.2% (95% CI=5.3-30.3) increase in suicide among
all cases and a 51.1% (95% CI=2.3-123.3) increase in the
cardiovascular disease group, according to the random-
effects model.

Although a significant association between ambient
particulate matter and suicide was observed in this study,
we can only speculate on the reasons for it. The observed
association might be due to neurotoxic substances of am-
bient particulate matter components, such as lead, mer-
cury, diesel exhaust particles, and manganese (18, 19),
which can directly affect neurobehavioral functions (20,
21). Because we used the case-crossover study design to
assess short-term rather than long-term exposure to par-
ticulate matter, and the concentration of each neurotoxic
component in ambient particulate matter is usually very
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TABLE 3. Random-Effects Estimate of Change in Suicide Risk Associated With an Interquartile Range Increase in Particulate
Matter After Stratification by Underlying Disease (Cumulative Lag 2)*

10-um Particulate Matter

2.5-um Particulate Matter

IlIness Category % Increase 95% Cl % Increase 95% CI
Cardiovascular disease

With 18.9 3.2t037.0 15.21 —-7.10 to 42.87

Without 6.6 -0.7t0 14.4 8.28 —-3.02 to 20.89
Diabetes mellitus

With 22.0 -1.31t0 50.9 16.05 —-15.19 to 58.80

Without 8.2 1.3 to 15.6 8.64 -2.01 to 20.44

Without” 6.0 -1.6to 14.1 10.01 -1.88 to 23.34
Chronic obstructive pulmonary disease

With 15.6 -7.51044.5 24.82 -9.25to 71.67

Without 8.7 1.8to 16.1 8.28 -2.32t0 20.03

Without” 6.7 -0.81t0 14.8 7.40 —4.23 to 20.45
Cancer

With 10.5 -20.0 to 52.5 -3.89 —37.73 to 48.36

Without 9.0 2.2to16.2 9.95 —-0.57 to 21.59

Without” 6.7 -0.81t0 14.6 8.50 -3.11 to 21.50
Psychiatric illness

With 8.1 —4.210221 10.80 —7.98 to 33.42

Without 9.2 1.4t017.6 8.49 -3.37t0 21.80

Without” 6.8 -1.71t0 15.9 4.32 -8.35t0 18.75
Any disease®

With 11.6 1.9t022.2 11.58 —2.72t0 27.98

Without 6.9 —-2.21016.7 7.38 —6.69 to 23.57

? Cumulative lag 2 indicates the mean particulate matter concentrations on the day of suicide (lag 0) and 1 day (lag 1) and 2 days (lag 2) prior
to the day of suicide; 10-um particulate matter refers to particulate matter <10 um in aerodynamic diameter; 2.5-um particulate matter
refers to particulate matter <2.5 um in aerodynamic diameter. The interquartile range was 27.59 pg/m’ in 10-um particulate matter and

18.20 ug/m’ in 2.5-um particulate matter.
® After excluding individuals with cardiovascular disease.

¢ Any one of five disease groups: cardiovascular disease, diabetes mellitus, chronic obstructive pulmonary disease, cancer, and psychiatric

illness.

low, the neurotoxic effects seem unlikely to contribute
much to the association. However, recent studies have
suggested the potential neurotoxicity of air pollution in
susceptible populations (22, 23). Research is needed to
investigate the neurotoxic effects of ambient particulate
matter components at low levels of exposure as well as
over the longer term.

Increased particulate matter can affect mental health
by contributing to the worsening of physical health and
aggravation of chronic diseases. High concentrations of
particulate matter can trigger various diseases, and epi-
demiologic study has demonstrated that the presence or
worsening of chronic illness increases the risk of suicide
(24). In the present study, we observed a significant as-
sociation between particulate matter and suicide for car-
diovascular disease only. However, given that individuals
with a potentially fatal illness such as cancer have only a
small elevation in suicide risk compared with the general
population (25), insufficient statistical power may be the
reason our study failed to detect an increased suicide risk
with other underlying diseases.

Several studies have suggested that inflammatory
mechanisms can be involved in the pathogenesis of cog-
nitive impairment and depression (26, 27), cause endo-
thelial damage to the cerebral vasculature, and contribute

1104 ajp.psychiatryonline.org

to the development of vascular depression (28). Although
depression has been known to be a risk factor for cardio-
vascular disease, which is usually explained by the effects
of depression on sickness behavior, including adherence
to treatment, there is evidence suggesting that depression
or depressive symptoms can be caused independently by
inflammation (29). Particulate matter is a strong inflam-
matory agent and also contributes to the neuroinflamma-
tory process (23, 30); thus, it is possible that high levels
of inflammation from particulate matter exposure or an
underlying disease, such as cardiovascular disease, may
aggravate depression or depressive symptoms, thereby in-
creasing suicide risk.

Cardiovascular disease is frequently accompanied by
psychiatric illness, although the causal relationships are
not fully understood (31, 32). In this study, one-third of
suicide case subjects with underlying cardiovascular dis-
ease had been diagnosed with psychiatric illness. Consid-
ering that previous studies have found that more than 90%
of suicide victims had a psychiatric illness (33, 34), psychi-
atric illness might be underdiagnosed in our sample.

We found that increased ambient particulate matter
was associated with a higher suicide risk specifically in
males, in persons 36-64 years of age, and in those of mid-
dle socioeconomic status. It is possible that these groups

Am | Psychiatry 167:9, September 2070
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FIGURE 2. Percent Increase in Suicide Risk Associated With an Interquartile Range Increase in Ambient Particulate Matter

After Stratification for Various Factors (Cumulative Lag 2)

10-um Particulate Matter
(Pooled Estimate)

10-um Particulate Matter
(Random-Effect Estimate)

2.5-um Particulate Matter

x Male —o— —o— —o—i
& Female —o— —&— —o—
<35 Years —&— —— ——o—
Eﬁ 36-64 Years —o— —e— —o—
>65 Years —&— —e— —o—
S Quintile 1 —o— —e— —o—
g g Quintile 2 —— —— ——
§ & Quintile 3 —e— —— ——
-0 Quintile 4 —e— ° | ——
a Quintile 5 —e—— ———i —e—
Spring —eo— —o— —e—
Summer —&— —— —o—
5 Fall —e— ——— —e—
3 Winter —e— ———i —e—i
Transition Period —o— —o— —o—
Summer or Winter I @ { —o— —o—
—20-10 0 10 20 30 40 —20-10 0 10 20 30 40 —40-20 0 20 40 60 80

¢ Cumulative lag 2 indicates mean particulate matter concentrations on the day of suicide and 1 and 2 days prior to the day of suicide. 10-um
particulate matter is particulate matter <10 um in aerodynamic diameter, and 2.5-um particulate matter is particulate matter <2.5 ym in
aerodynamic diameter. The interquartile range was 27.59 ug/m’ for 10-um particulate matter and 18.20 ug/m’ for 2.5-um particulate matter.
Red dots indicate percent increase in suicide risk, and whiskers indicate 95% confidence intervals. Socioeconomic status was estimated using
the Korea National Health Insurance premium paid by employed and self-employed workers: quintile 1=the lowest 20% and those receiving
medical aid; quintile 5=the highest 20%. Transition periods were spring and fall.

experienced greater exposure to ambient particulate mat-
ter. Alternatively, insufficient statistical power may be
responsible for the failure of our study to detect elevated
suicide risk in other strata. Seasonal transition periods
(spring and fall) were also associated with a higher suicide
risk, suggesting that exposure to particulate matter might
be higher during these periods (15, 35). However, because
individual exposure to particulate matter and factors as-
sociated with individual susceptibility were not evaluated
in this study, further studies are needed to better under-
stand this issue.

Recent epidemiologic and experimental studies have
consistently demonstrated that exposure to 2.5-um par-
ticulate matter affects physical health more severely than
does 10-um particulate matter. In this study, among case
subjects in Seoul, the effect estimate of 2.5-um particu-
late matter (10.1%; 95% CI=2.0-19.0) was larger than that
of 10-um particulate matter (6.4%; 95% CI=0.8-12.1%) in
lag 1, even though the interquartile range of 10-um par-
ticulate matter was wider than that of 2.5-um particulate
matter. The effect estimates of 2.5-pum particulate matter
in cumulative lag 1 (8.0%; 95% CI=-0.9 to 17.8) and cu-
mulative lag 2 (9.3%; 95% CI=-0.9 to 20.5) were greater
than those of 10-um particulate matter in cumulative lag

Am | Psychiatry 167:9, September 2010

1 (6.4%; 95% CI=0.1-13.2) and cumulative lag 2 (7.5%;
95% CI=0.4-15.1); however, the effect of 2.5-pym particu-
late matter was not statistically significant. It is possible
that in addition to having too small a sample of suicide
cases to reveal the association between particulate matter
and suicide, the effect of 2.5-um particulate matter might
be more acute than that of 10-pm particulate matter, and
thus the cumulative-lag model was not appropriate to in-
vestigate the association between 2.5-pum particulate mat-
ter and suicide. However, we could not fully explain these
findings, and further research is necessary.

This study had some important limitations. First, mis-
classification bias may have occurred because we used
the death certificate database to identify suicide cases.
However, to improve the accuracy of the death statistics
database, the National Statistical Office of the Republic
of Korea reviews all reported death certificates and con-
ducts interviews with relatives if additional information is
needed. According to a recent study comparing hospital
records to the death statistics database, the overall ac-
curacy regarding cause of death was 91.9%, although the
accuracy for suicide cases in particular was not available
(36). Because postmortem examination data from the Na-
tional Police Agency was used to identify suicide cases,

ajp.psychiatryonline.org 1105
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misclassification bias may not have affected our study
results. Second, as in most epidemiologic studies of par-
ticulate matter, both city-specific particulate matter con-
centration and place of residence were used to estimate
particulate matter exposure of suicide cases; thus, the par-
ticulate matter data used in the analysis may differ from
actual exposure levels. Finally, in determining the associa-
tion between particulate matter and suicide, there may be
confounding variables that we did not consider.
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