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Abstract

Background: Suicide is a major public health problem, with some environmental risk factors.
Objectives: This meta-analysis study explored the association between short-term exposure to
air pollution and suicide mortality, with an emphasis on different lay fimes.

Methods: A systematic search was used to find relevant studizz . Zdtabases including Scopus,
Web of Knowledge, Pubmed, and Embase published up to 29 May 2020. The inclusion criteria
included case-crossover or time-series studies assessing u.= association of criteria air pollutants
with suicide mortality at different Lag Days of 0-7 /[ 0 to LD7) and Cumulative Lags of 1-7
days (CL1 to CL7). Odds ratios (OR) were cal-.ulated with 95% confidence intervals (Cl).
Results: Of 1,436 retrieved articles, 11 v.=re eligible for data extraction, representing data on
283,550 suicides published betweer 2C'C to 2019. The odds of suicide death increase with each
10 pg/m? increase in the mean concertrations of NO at CL1 (1.013: 1.006-1.021), CL2 (1.028:
1.003-1.053), CL3 (1.035° 1 4L -1.070), and LD2 (1.011: 1.001-1.022), SO, at CL1 (1.024:
1.014-1.034), CL2 (1.05C" 1.012-1.048), CL3 (1.029: 1.009-1.049), and CL4 (1.027: 1.005-
1.049), O; at CL6 (1.008: 1.000-1.016), PM; at CL1 (1.004: 1.000-1.008), and PM,5 at CL1
(1.017: 1.003-1.031). Besides, the odds of suicide death increases with each 0.5 mg/m?® increase
in the mean concentration of CO at LD6 (1.005: 1.000-1.011). However, it decreased with
increased O3 exposure at LD3 (0.997: 0.994-1.000).

Conclusion: The study supports a positive association between air pollution and suicide

mortality. No immediate risk was elucidated but the possible effects seem to be exerted



cumulatively.
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1. Introduction
Suicide is a serious public health problem. It is estimated that about 10 million people each year
attempt suicide but survive. However, there are more than 800,000 documented suicide deaths
annually worldwide (Bilén et al., 2013). The search for factors that increase the risk for suicidal
behavior has looked at both personal and social variables that can i.n.pact the individual. The
most common personal variable is a psychiatric disorder. It is ¥2u,.2 chat the presence of a
depressive disorder (both unipolar and bipolar depression) .= a risk factor for suicide. At the
social level, the role of social support (from family and ti:=1ds) has been proven so that the
absence of social support increases the risk of suic.«e. T'he role of the physical environment,
however, has been relatively neglected.
The association of season with suicide w.s noted by Durkheim (1897) over one hundred years
ago, with a peak of suicide found ir the <ring in most countries (Lester, 1979). Another
environmental factor is a change in tiie weather. A recent research study by Bozsonyi et al.
(2020) in a region of Hune~vy oand that the amount of daily sunshine had an immediate,
significant positive impact on the number of suicides. However, some environmental factors may
be protective. For example, Barjasteh-Askari et al. (2020) found an association between the level
of lithium in drinking water and lower suicide rates.
Atmospheric pollution is an environmental risk factor for many health problems (Dehghani et al.,
2018; Dobaradaran et al., 2009). A wide variety of air pollutants, including gaseous and
particulate compounds with organic and inorganic origins, can be emitted from industries,

vehicles, power plants, etc. (Keramati et al., 2016; Sarkhosh et al., 2013; Sarkhosh et al., 2012).



Hospitals experience significantly more visits for cardiovascular and respiratory diseases shortly
after exposure to air pollution (Dominici et al., 2006). Atmospheric air pollution may also trigger
psychiatric disorders such as depression and suicide. Research has shown that the odds of
emergency department visits for depression increase after exposure to ambient ozone (O3)
(Szyszkowicz et al., 2016). In another study, carbon monoxide (CO), nitrogen dioxide (NO,),
sulfur dioxide (SO,), and particulate matter <10 um (PMjy) significantly increased emergency
department visits for suicide attempts (Szyszkowicz et al., 2010). Recnirable particulate matter
(PMyo and PM;5) can find its way to the brain from the lungs *~*uugn the circulatory system or
from the nose via the olfactory tract (Chen and Samet, 201.) Air pollutants can induce oxidative
stress and generalized inflammation, leading to mental ih. =ss exacerbations including depression
and self-harm behaviors (Gtadka et al., 2018).

Several epidemiological studies have assec<ed .he suicide death resulting from long-term or
short-term exposure to air pollution. Lor-term exposure studies usually assess the association
between air pollution and suicide ir~id. n.e over months or years. On the other hand, in short-
term exposure, the event of air ., *llunon can occur on the same day of suicide or a day in a short
period (usually two weeks® nre~ding the suicide, representing respectively immediate and
lagged risk of air pollutiu™. Besides, it is plausible that air pollution acts cumulatively over a few
consecutive days. To estimate the cumulative risk of short-term exposure to air pollution,
epidemiological studies calculate the moving average concentrations of air pollutants measured
on the same day of suicide and several days before the suicide. Associations in short terms can
be quantified in time-series or case-crossover designs, while long-term exposure is assessed
using cohort, cross-sectional, or case-control designs (Braithwaite et al., 2019).

Air pollution has been shown to predict suicide in the general population in both short-term and



long-term exposure studies. In a cohort study, an interquartile range increase in PMo, NO,, and
SO, significantly increased the risk of suicide death (Min et al., 2018). A case-crossover study in
26 cities of South Korea (Lee et al., 2018) showed significant positive associations between
some air pollutants and completed suicide at various lag days and cumulative lags. However,
contrary results were observed in a recently published time-series analysis from Mexico
(Astudillo-Garcia et al., 2019). The associations between air pollution exposure and suicide may
be affected by the concentrations of air pollutants, their variations ir the study locations, and data
periods (Lin et al., 2016). Therefore, a meta-analysis of varior'z swez.es may be useful to estimate
the pooled effect from the published studies. In a search oi (e literature, only two meta-analysis
studies concerning the relationship between air pollution ~posure and suicide were found, both
of which focused only on the risk associated with \«rti culate matter (Braithwaite et al., 2019; Gu
et al., 2019). The study by Braithwaite et ¢ - (2J19) could locate only four eligible studies to
estimate the pooled effect and focused oi. cumulative lags 0-1 days and 0-2 days. Although
another study by Gu et al. (2019) p~nle “ne results of seven studies, they combined the results
of long-term and short-term eva. 'atiun studies and, thereby, failed to calculate the acute risk of
air pollution exposure at v=rioc< 1ag times. Therefore, the present study utilized a meta-analysis
approach to explore the «sociation between short-term exposure to both gaseous and particulate
pollutants and suicide death at various lag times and cumulative lags.

2. Methods
2.1 Study Protocol
We followed the Cochrane Handbook for Systematic Reviews of Interventions (Higgins and
Green, 2008) for the conduct of this study. We submitted the study protocol in the International

Prospective Register of Systematic Reviews ((PROSPERO ID CRD42020173506). The present



report is organized according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Moher et al., 2009).

2.2 Search Strategy

We carried out a systematic search for studies of the relationship between air pollution exposure
and suicide mortality in the general population. The search was conducted in Web of Knowledge
(1SI), PubMed, Scopus, and Embase by MeSH and non-MeSH terms in the full text of journal
articles published until 19 May 2020. The search strategy included u:= following keywords:
suicide, air pollution, air pollutant, and atmospheric pollutant

2.3 Eligibility Criteria

The inclusion criteria included original articles assessing ¢ association between short-term
exposure to criteria air pollutants and suicide meri>'itv in the general population. Based on the
United States Environmental Protection A_ency (USEPA), the criteria air pollutants include
NO,, SO,, O3, CO, PMyy, and PM, 5 ana >re known for their global adverse effects on public
health and the environment (Guxer- et 2., 2012). We focused on short-term exposure to assess
the immediate, delayed, and cur. 'tlative risks of air pollution in short periods. Therefore, we
selected only studies with **me <.ratified case-crossover designs or those using time-series
analyses. Based on Lu ai." zeger (2007), the case-crossover design can be considered equal to
time-series analysis when both refer to a common exposure, such as in air pollution
epidemiologic studies.

In this paper, suicide refers to the act of intentional self-poisoning and self-harm based on the
International Statistical Classification of Diseases and Related Health Problems (ICD). Eligible
studies were those that measured suicide mortality under ICD-9 codes E950.0-E958.9, ICD-10

codes X60-X69 (intentional self-poisoning), ICD-10 codes X70-X84 (intentional self-harm),



ICD-10 codes Y10-Y10.34 (undetermined intent), and ICD-10 code Y87.0 (sequelae of
intentional self-harm). Studies that did not report on ICD codes but asserted “suicide death” or
“complete suicide” in their methodology were also included in the study. However, we excluded
studies assessing suicide attempts, suicidality, or self-harm without suicide intent, as well as
studies without intended/extractable data.

2.4 Study Selection

The steps of study selection included the removal of duplicate reccu=. the examination of
titles/abstracts for possibly relevant studies, the examination of fu,! texts for eligibility criteria,
cross-checking between researchers to reach a consensus o.. study selection, quality assessment
of select studies, and data extraction. Two authors (M. D .=d F. BA) independently examined the
retrieved papers for the eligibility criteria. Disag-e. ne its were resolved by a third author (AH.
M). Furthermore, we manually screened tt - re’erence lists of the relevant studies to find possibly
missing papers from the electronic searc..

2.5 Quality Assessment

The Newcastle-Ottawa Qualitv ,” ssessment Scale (NOS) for cross-sectional studies (Aibibula et
al., 2017) was used for the ~c!*ative assessment of the studies selected. The NOS assesses the
methodology of cross-sec*ional studies in the domains of selection, comparability, and outcome.
It includes eight items, with a maximum attainable score of 10. A score of 50% or more suggests
that the study has enough quality to be included in the data synthesis (Halpin and Ford, 2012).
2.6 Data Extraction

The data were gathered from the selected articles by two authors independently. They included
authors’ names, publication year, study place, study design, statistical models, data periods, air

pollutants, lag times, suicide death numbers, and effect measure (Incidence Rate Ratio (IRR),



Relative Risk (RR), or Odds Ratio (RR) and Confidence Interval (Cl)).
2.7 Statistical Analysis
The comprehensive meta-analysis software (CMA,; version 2.2.064) was used to calculate an
effect size for each study, expressed as OR and 95%CI. The pooled estimate was computed
based on the random-effects model to account for the heterogeneity between the studies. The
publication bias was assessed based on the symmetry/asymmetry of funnel plots in Duval and
Tweedie’s Trim and Fill method. In this method, based on the funrie: nlot of the study measure
as a function of effect size, first, the missing studies were trim: 2y <. the plot and then they were
imputed to have a symmetric funnel plot. Finally, the meth. 1 re-computed the effect size in a
new, symmetric funnel plot. A leave-one-out sensitivity a. atysis was performed to check for the
robustness of the pooled estimate. The analysis fai'~d i/ the p-value of the pooled effect changed,
from significant to insignificant and vice v +rse, by removing any study. P-values of <0.05 were
acknowledged as statistically significant >ssociations.

3. Results
3.1 Flow and Characteristics ¢ ° Inciuded Studies
Figure 1 shows the PRISMA .279 flow diagram for the process of study selection. Briefly, the
search retrieved 1,436 jo.vnal articles (Web of Science, n=118; Pubmed, n=202; Scopus, n=730;
Embase, n=386); however, no additional studies were found in the manual search. Of the
retrieved studies, 11 studies (Astudillo-Garcia et al., 2019; Bakian et al., 2015; Casas et al., 2017;
Fernandez-Nifio et al., 2018; Kim et al., 2010; Kim et al., 2018; Lee et al., 2018; Li et al., 2018;
Linetal., 2016; Ng et al., 2016; Yang et al., 2019b) were eligible for qualitative assessment.
Table 1 summarizes the characteristics of the studies.

Insert Figure 1 and Table 1 here



The studies were published between 2010 and 2019 and they collected data on 283,550 complete
suicides. There were seven studies from Asia, two from North America, one from South
America, and one from Europe. The data periods ranged from one year (Kim et al., 2010) to 31
years (Kim et al., 2018). Nine out of 11 studies utilized time-stratified case-crossover designs
and two studies used time-series analyses. In all studies, the exposure was criteria air pollutants
(NO, SOy, O3, CO, PMyg, and PM,5) and the outcome was suicide mortality. The quality score
for the articles, obtained using the NOS, ranged from 60% to 90%. . “erefore, all the studies
were used for the quantitative analysis.

3.2 Lag times

All the selected studies assessed the associated risk of s'h.iue due to short-term exposure to air
pollution at different lag times. The lag times refei ~:d "0 the time intervals from exposure to the
outcome; that is, how many days elapsed f om an air pollution event to the suicide. In the
studies, Lag Days (LD) ranged from 0 to 7 days, assessing the suicide risk from air pollution on
the day of suicide (LDO) to seven d~vs ar:ceding the suicide (LD7). Thus, LDO represents the
immediate risk, and LD1 to LD indicates the delayed risk. Besides, the risks from Cumulative
Lag (CL) exposures were ~~se.~~d based on the moving average of air pollutant concentrations
on the suicide day and 0. to seven days before the suicide (CL1 to CL7, respectively). The
studies assessed the association of air pollution with suicide at LDO up to LD7 and/or CLO up to
CL7. One study (Kim et al., 2018) extended the cumulative lag period to CL9.

3.3 Overlap Resolving and Effect Measure

There were overlaps in data between studies that shared the same locations, the same data
periods, the same air pollutants, and the same lag times. This was a matter of concern between

Kim et al. (2010) and Lee et al. (2018) studies, Kim et al. (2018) and Lee et al. (2018) studies,



Kim et al. (2010) and Kim et al. (2018) studies, and between Kim et al. (2018) and Ng et al.
(2016) studies. In each paired comparison, we gave an advantage to the study that was extended
over a larger period and removed the other one. The detailed procedure is presented in Table S1
the Supplemental File.

Among 11 selected studies, the effect measure was OR in seven studies, calculated with
conditional logistic regression models. Two studies reported RR and two other studies reported
IRR, all of which from conditional Poisson regression models. As su’cide mortality can be
considered a rare event, we assumed OR, RR, and IRR to be eZ''a, i1 calculations. The suicide
risk was assessed in association with an IQR increase in aii hollutant concentrations in seven
studies, 20% increases in the mean concentration in two s:dies, and 10 pg/m? increases in the
mean concentration in one study. Before calculatir.~ a yooled effect, we converted the measures
so as to indicate the odds of suicide per ea n 1, ug/m?® increase in the mean concentration of
pollutants NOs, SO,, Oz, PMyg, and PM,._ and 0.5 mg/m?® for CO.

3.4 Association Between Air Polli:*io,» ~nd Suicide

The associations of suicide with ~ir pollutants including NO,, SO,, O3, CO, PMg, and PM; 5
were assessed separately b~<ed ~n lag days (LD) and cumulative lags (CL). They were LDO to
LD7 and CL1 to CL7 (tu. NO,, SO,, O3, and PM10), LDO to LD7 and CL7 (for CO), and LDO to
LD7 and CL1 to CL3, as well as CL7 (for PM,s). Figure 2 shows only the significant
associations (P<0.05). The detailed results are presented in Figures S1 to S6 in the Supplemental
File.

As shown, the odds of suicide increase with each 10 pg/m?® increase in the mean atmospheric
concentration of NO, at CL1 (OR: 1.013; 95%CI: 1.006-1.021), CL2 (OR: 1.028; 95%Cl: 1.003-

1.053), CL3 (OR: 1.035; 95%CI: 1.001-1.070), and LD2 (OR: 1.011; 95%CI: 1.001-1.022).



Besides, suicide death increases with exposure to each 10 pg/m?® increase in the mean
concentration of SO, at CL1 (OR: 1.024; 95 %Cl: 1.014-1.034), CL2 (OR: 1.030; 95%Cl: 1.012-
1.048), CL3 (OR: 1.029; 95%CI: 1.009-1.049), and CL4 (OR: 1.027; 95%CI: 1.005-1.049).
Concerning the risk of suicide death due to exposure to ground-level Os, there was a significant
positive association at CL6 (OR: 1.008; 95%CI: 1.000-1.016) and a significant negative
association at LD3 (OR: 0.997; 95%CI: 0.994-1.000). The odds of suicide increase with every
0.5 mg/m? increase in the mean CO concentration in the atmospheie ~t LD6 (OR: 1.005; 95%Cl:
1.000-1.011). Finally, exposure to each 10 ug/m?® increase in t:~ concentration of PMyg at CL1
(OR: 1.004; 95%CI: 1.000-1.008) and PM, s at CL1 (OR: 1+.217; 95%CI: 1.003-1.031) increased
the risk of suicide death in the general population.

Insert Figui~ 2 ere
3.5 Sensitivity Analysis
The one-study remove sensitivity analys.> was applied to investigate the robustness of the
results. The findings are presented i~ F.2.res S7 to S12 in the Supplemental File. Concerning
NO; exposure, significant assoc. “tions with suicide are not robust at CL1, CL2, CL3, and LD2,
as the removal of any stud’ ~1.2mges the associations into insignificant. The association at LDO
turns significant if the sty by Astudillo-Garcia et al. (2019) is removed. However, the
insignificant associations at CL4, CL5, CL6, CL7, LD1, LD3, LD4, LD5, LD6, and LD7 are
robust. Concerning SO, exposure, significant associations were robust at CL1 and CL2 but not
CL3 and CL4 in the sensitivity analysis. On the other hand, the insignificant associations are
made significant by removing the study by Astudillo-Garcia et al. (2019) from LDO and LD1.
Besides, removing the study by Lin et al. (2016) from LD4 leads to a significant negative

association between SO, and suicide. The insignificant associations at CL5, CL6, CL7, LD2,



LD3, LD5, LD6, and LD7 are robust. Regarding O3 exposure, none of the significant
associations at CL6 and LD3 are robust. However, insignificant associations at CL1 to CL5 turn
significant if the study by Lee et al. (2018) is removed. The same is true if the study by
Astudillo-Garcia et al. (2019) is removed from LDO. The insignificant associations at CL7, LD1,
LD2, and LD4 to LD7 are robust. Regarding CO exposure, the only significant association at
LD6 is not robust. Besides, the insignificant associations at CL7, LDO, LD1, and LD2 turn
significant by the removal of the study by Ferndndez-Nifio et al. (2u:8). The same is true if the
study by Lee et al. (2018) is removed from LD4. However, the nsigaificant associations at LD3,
LD5, and LD7 are robust. Concerning PMj, exposure, the .1y significant association at CL1 is
not robust in the sensitivity analysis. However, the remov.* of the study by Lee et al. (2018)
from CL3, LD2, and LD7 and the study by Lin et .'. (7.016) from LDO turns the insignificant
associations into significant ones. Howeve  tb: insignificant associations are robust at CL2, CL4
to CL7, LD1, and LD3 to LD6. Regardi.> PM, 5 exposure, the only significant association at
CL1 is not robust. Besides, the insiznif.~znt association at LD4 turns to significant by removing
the study by Astudillo-Garcia eu °l. (.019). However, the insignificant associations at CL2 to
CL4, LDO to LD3, and LD= to '.O7 are robust.

3.6 Publication Bias

The results of the publication bias assessment are shown in Table S2 in the Supplemental File.
The test detected the number of trimmed studies ranging from 0 to 3. Publication bias existed if
trimmed studies >0. This condition was fulfilled in the majority of the assessments. However,
just a small number of the assessments (n=4) showed a substantial change in the 95% confidence
interval width (to encompass or exclude one) when the imputed studies were included. This

shows that if trimmed studies are added, insignificant associations will be made significant, or



vice versa. NO, exposure at CL1, SO, exposure at CL1, CL2, and CL3, O3 exposure at LD3, and
PM, 5 exposure at CL1 remained significantly associated with suicide death even if trimmed
studies, if any, were imputed. The publication bias with the Duval and Tweedie’s Trim and Fill
test was not applicable to lag times that had fewer than three studies for meta-analysis.

4. Discussion
To our knowledge, this is the most comprehensive analysis of the association of air pollution
exposure with suicide mortality risk, focusing on all criteria air poliu*ants at different lag times.
The analysis showed that the odds of suicide death increase wi~ £22n 10 pg/m? increase in the
mean atmospheric concentrations of NO, at cumulative lag. of 0-1 days (1.013: 1.006-1.021), O-
2 days (1.028: 1.003-1.053), 0-3 days (1.035: 1.001-1.07¢} and lag day of 2 (1.011: 1.001-
1.022), SO, at cumulative lags of 0-1 days (1.024: *.0".4-1.034), 0-2 days (1.030: 1.012-1.048),
0-3 days (1.029: 1.009-1.049), and 0-4 day = (1 327: 1.005-1.049), O3 at cumulative lag of 0-6
days (1.008: 1.000-1.016), PMjo at cumu!ative lag of 0-1 days (1.004: 1.000-1.008), and PM 5 at
cumulative lag of 0-1 days (1.017: * 0C?-1.031). Besides, the odds of suicide death increases
with each 0.5 mg/m? increase i *he n1ean concentration of CO at lag day of 6 (1.005: 1.000-
1.011). The only significar* i, *</se association was observed for O3 at lag day of 3 (0.997:
0.994-1.000). Therefore, t seems that air pollutants can exert their acute effects cumulatively on
complete suicide in the general population. This finding emphasizes the crucial need for
measures to avoid air pollution exposure on several consecutive days. However, we found no
immediate risk, as suicide death was not correlated with the increased concentrations of air
pollutants on the same day of suicide (LDO0). The possible lagged effects may provide the chance
of intervening in periods of air pollution to prevent the associated risk of suicide incidence. The

lagged effects can also be used to explain the involved mechanisms.



Air pollution exposure can lead people to commit suicide by deteriorating their physical and
mental health. Air pollutants can penetrate the thoracic airways and reduce respiratory function
(Roy and Goh, 2019). This, in turn, decreases the level of oxygen saturation and induces
oxidative stress and hypoxia (Lee et al., 2019). Hypoxia can result in a deficit in serotonin, a
neurotransmitter with a possible role in the neurobiology of suicide. In a cohort study, Riblet et
al. (2019 showed that patients who had the markers for hypoxia were four times more likely to
die of suicide. The central nervous system may also be affected by a.” pollution. This is
especially the case for neurotoxic particles such as lead, merc':v. 2=d manganese. In this
mechanism, air pollutants exert neuroinflammatory effects .''ie to the release of proinflammatory
cytokines, which, in turn, leads to changes in the brain, tc. example, altered levels of
neurotransmitter cytokines (Zhao et al., 2019). Thevefcre, some mental and behavioral changes
may appear, including depression, aggress’ve Fehaviors, and suicide. However, neurotoxicity
usually requires long-term exposures anu may not explain the acute effects of air pollutants as
measured in the current study. Ther~fo,~ the exact mechanisms remain to be elucidated.

Studies have also shown associa.'ons between air pollution exposure and the worsening of
chronic diseases such as c2=ic “uscular and respiratory disease, in addition to the increased risk
of suicide (Kye and Park, 2u17; Liu et al., 2017). Kim et al. (2010) reported an 18.9% increase in
suicide risk among cardiovascular disease patients, while such an association was not found
among their healthy peers. Some depression-inducing effects are also plausible for air pollutants
while depression is a strong predictor of suicide (Cummins et al., 2015). Research has shown
associations between ambient air pollution and emergency room visits for depressive symptoms
(Braithwaite et al., 2019; Brokamp et al., 2019). Depression can also develop as a reaction to the

adverse effect of air pollution on underlying diseases including cardiovascular and respiratory



disease (Novak et al., 2016).

Although we found several significant associations between atmospheric air pollutants and
suicide death, only two of them (SO, at CL1 and CL2) were robust in the sensitivity analysis.
Besides, there was significant bias in the publication of studies. These show the need for more
reports based on well-designed studies. A limitation of the current research is that the majority of
the studies included in the meta-analysis were from non-temperate zone Asian countries.
Therefore, further research is needed to conduct in other regions of v>2 world. The small number
of studies restricted us to carry out subgroup analyses for possitle causes of heterogeneity
between the studies. Besides, the examined studies made s.me unique adjustments mostly for
meteorological factors including air pressure, temperature, riumidity, precipitation, duration of
sunlight, and dew point temperature. These adjucti ~enfs are very important, as meteorological
factors seem to be significant predictors of suiride (Kim et al., 2019; Qian et al., 2008).
Fernandez-Nifio et al. (2018) showed tha: controlling for temperature, precipitation, humidity,
and holidays turned significant neg~tive 2ssociations between air pollution exposure and suicide
into non-significant associations. Air pollutants can also play a confounding or modifying role in
the effect of other pollutar*~ "~ remove this effect, some studies (Kim et al., 2018; Lee et al.,
2018; Ng et al., 2016; Y«g et al., 2019a) utilized two-pollutant models versus single-pollutant
models. They showed that some associations weakened after adjusting for a second air pollutant.
For example, the significant positive association for PM;q disappeared after adding SO, and NO,
into the model (Kim et al., 2018). Therefore, the interactive effects of air pollutants merit more
investigation. Finally, as correlational studies are not appropriate to elucidate cause and effect,
we were limited in the adequate explanation of the results. It is also noteworthy that the possible

effects of air pollution on mental health aspects may be due to contaminants that emerge in the



atmosphere concurrently with criteria air pollutants but are not measured routinely.
Of the strengths of the study, we only selected case-crossover and time-series studies. This
allowed adjustments for confounders including day-of-week, public holidays, seasonality, and
long-term time trends. Therefore, the studies were homogenous in terms of some important
confounders. We also resolved the overlap of data that existed in some studies from the same
locations, including South Korea and Japan. We suggest exploring the relationship between
suicide and long-term exposure to air pollution in future meta-analy.~s. Besides, future studies
are encouraged to assessing the combinatory effects of air pol'=*ai.*z and aeroallergens, as
evidence supports that suicide is also triggered by aeroaller ans (Ragguett et al., 2017).

5. Conclusions
Overall, our meta-analysis supports the positive 35 sci ition between transient increases in air
pollutants and suicide mortality in the gen ral Jopulation. As an important finding, a 10 pg/m?®
increase in the average concentration of .'r pollutants NO,, SO, PM;o, and PM; 5 on the same
day of suicide and one day precedir2 tl = suicide (CL1) well explained the rates of suicide death.
These results are valuable as the  represent the data of completed suicides from various locations
with different geographic. ~nc.>2conomic, environmental, and cultural characteristics, as well as
emission sources. The fu.ings could be used for designing epidemiologic studies in the future.
Moreover, the study highlights the need for policies and programs to avoid consecutive days of
air pollution exposure to reduce the risk of suicide.
Acknowledgment
The authors would like to thank the authors of relevant papers who responded to emails and
provided us with additional information on their work.

Authors’ Contribution



AmirHossein Mahvi: Conceptualization, Critical revision, and editing of the manuscript
Fateme Barjasteh-Askari: Initial search, data extraction, manuscript drafting, data analysis, and
interpretation

Mojtaba Davoudi: Initial search, data extraction, manuscript drafting, data analysis, and
interpretation

Homayoun Amini: Critical revision and editing of the manuscript

David Lester: Critical revision and editing of the manuscript

Vahid Ghavami: Data analysis, interpretation, and critical revizini, <, the manuscript
Mohammad Rezvani Ghalhari: Manuscript preparation

Funding/Support

The study was funded by the Institute for Environr.ic ital Research, Tehran University of Medical
Sciences, Tehran, Iran (Grant# 48683). The “.nav had no role in study design, data collection,
and analysis, decision to publish, or preparatiu of the manuscript.

Conflicts of Interest

The authors declare that they have n0 known competing financial interests or personal
relationships that could have apy ~ared to influence the work reported in this paper.

References

Aibibula W, Cox J, Har..iin A-M, McLinden T, Klein MB, Brassard P. Association between
food insecurity and HIV viral suppression: a systematic review and meta-analysis. AIDS
BEHAV 2017; 21: 754-765.

Astudillo-Garcia Cl, Rodriguez-Villamizar LA, Cortez-Lugo M, Fernandez-Nifio JA. Air
Pollution and Suicide in Mexico City: A Time Series Analysis, 2000-2016. International
journal of environmental research and public health 2019; 16: 2971.

Bakian AV, Huber RS, Coon H, Gray D, Wilson P, McMahon WM, et al. Acute air pollution
exposure and risk of suicide completion. American journal of epidemiology 2015; 181.:
295-303.

Barjasteh-Askari F, Davoudi M, Amini H, Ghorbani M, Yaseri M, Yunesian M, et al.
Relationship between suicide mortality and lithium in drinking water: A systematic
review and meta-analysis. Journal of Affective Disorders 2020; 264: 234-241.

Bilén K, Ponzer S, Ottosson C, Castrén M, Owe-Larsson B, Ekdahl K, et al. Can repetition of



deliberate self-harm be predicted? A prospective multicenter study validating clinical
decision rules. Journal of affective disorders 2013; 149: 253-258.

Bozsonyi K, Lester D, Fulop A, Zonda T, Balint L. The effects of sunshine duration and ambient
temperature on suicides in Hungary. Neuropsychopharmacologia Hungarica: a Magyar
Pszichofarmakologiai Egyesulet Lapja= Official Journal of the Hungarian Association of
Psychopharmacology 2020; 22: 23-28.

Braithwaite I, Zhang S, Kirkbride JB, Osborn DP, Hayes JF. Air Pollution (Particulate Matter)
Exposure and Associations with Depression, Anxiety, Bipolar, Psychosis and Suicide
Risk: A Systematic Review and Meta-Analysis. Environmental Health Perspectives 2019;
127: 126002.

Brokamp C, Strawn JR, Beck AF, Ryan P. Pediatric Psychiatric Emergency Department
Utilization and Fine Particulate Matter: A Case-Crossover Study. Environmental health
perspectives 2019; 127: 097006.

Casas L, Cox B, Bauwelinck M, Nemery B, Deboosere P, Nawrt ‘1 3. Does air pollution trigger
suicide? A case-crossover analysis of suicide deaths o¥2v v fife span. European journal
of epidemiology 2017; 32: 973-981.

Chen J-C, Samet JM. Air pollution and suicide risk: anothe. adverse effect of air pollution?
European journal of epidemiology 2017; 32: 947-945,

Cummins N, Scherer S, Krajewski J, Schnieder S, Epps v, uatieri TF. A review of depression
and suicide risk assessment using speech ar.u:sis. Speech Communication 2015; 71: 10-
49,

Dehghani M, Fazlzadeh M, Sorooshian A, T-hawhaee HR, Miri M, Baghani AN, et al.
Characteristics and health effects ¢ BT X In a hot spot for urban pollution.
Ecotoxicology and Environmental Sa. >ty 2018; 155: 133-143.

Dobaradaran S, Fazelinia F, Mahvi AH, :‘osseini SS. Particulate airborne fluoride from an
aluminium production plant ir 2.k, Iran. Fluoride 2009; 42: 228.

Dominici F, Peng RD, Bell ML, Ph~m  McDermott A, Zeger SL, et al. Fine particulate air
pollution and hospital adn. ssio. for cardiovascular and respiratory diseases. Jama 2006;
295: 1127-1134.

Durkheim E. Le suicide: étude u~ sociologie: Alcan, 1897.

Fernandez-Nifio JA, Asturi'lo ~arcia Cl, Rodriguez-Villamizar LA, Florez-Garcia VA.
Association betwe en a:r pollution and suicide: a time series analysis in four Colombian
cities. Environme.~tal health 2018; 17: 47.

Gtadka A, Rymaszewsk~ o, Zatonski T. Impact of air pollution on depression and suicide. Int J
Occup Med Environ Health 2018; 31: 711-721.

Gu X, Liu Q, Deng F, Wang X, Lin H, Guo X, et al. Association between particulate matter air
pollution and risk of depression and suicide: systematic review and meta-analysis. The
British Journal of Psychiatry 2019; 215: 456-467.

Guxens M, Aguilera I, Ballester F, Estarlich M, Fernandez-Somoano A, Lertxundi A, et al.
Prenatal exposure to residential air pollution and infant mental development: modulation
by antioxidants and detoxification factors. Environmental health perspectives 2012; 120:
144-149.

Halpin SJ, Ford AC. Prevalence of symptoms meeting criteria for irritable bowel syndrome in
inflammatory bowel disease: systematic review and meta-analysis. AM J
GASTROENTEROL 2012; 107: 1474.

Higgins JP, Green S. Cochrane handbook for systematic reviews of interventions. 2008.



Keramati A, Nabizadeh Nodehi R, Rezaei Kalantary R, Nazmara S, Zahed A, Azari A, et al.
TVOCs and BTEX Concentrations in the Air of South Pars Special Economic Energy
Zone. Journal of Mazandaran University of Medical Sciences 2016; 25: 236-244.

Kim C, Jung SH, Kang DR, Kim HC, Moon KT, Hur NW, et al. Ambient particulate matter as a
risk factor for suicide. American journal of psychiatry 2010; 167: 1100-1107.

Kim Y, Kim H, Gasparrini A, Armstrong B, Honda Y, Chung Y, et al. Suicide and ambient
temperature: a multi-country multi-city study. Environmental health perspectives 2019;
127:117007.

Kim Y, Ng CFS, Chung Y, Kim H, Honda Y, Guo YL, et al. Air pollution and suicide in 10
cities in Northeast Asia: a time-stratified case-crossover analysis. Environmental health
perspectives 2018; 126: 037002.

Kye S-Y, Park K. Suicidal ideation and suicidal attempts among a“iults with chronic diseases: a
cross-sectional study. Comprehensive psychiatry 2017; 73: L30-167.

Lee H, Myung W, Kim SE, Kim DK, Kim H. Ambient air pollution nd completed suicide in 26
South Korean cities: Effect modification by demograp:~ w4 socioeconomic factors.
Science of the total environment 2018; 639: 944-951..

Lee K-E, Ryu JJ, Jo YK, Yeo H, Kang S. 2'-Fucosyllactose Attenuates Particulate Matter-
Induced Inflammation via Inhibition of Hypoxia-Inu icible Factor in Keratinocytes.
Biological and Pharmaceutical Bulletin 2019; 42: 2520-1627.

Lester D. Temporal variation in suicide and homic’a>. American Journal of Epidemiology 1979;
109: 517-520.

Li T, Yan M, Sun Q, Anderson GB. Mortalit’ ris!“s from a spectrum of causes associated with
wide-ranging exposure to fine part’ ‘ulz.e matter: a case-crossover study in Beijing,
China. Environment international 2012 111: 52-59.

Lin G-Z, Li L, Song Y-F, Zhou Y-X, Shcn S-Q, Ou C-Q. The impact of ambient air pollution on
suicide mortality: a case-crossJv.” wdy in Guangzhou, China. Environmental health
2016; 15: 90.

Liu S, Yan Z, Liu Y, Yin Q, Kuai. ¥ L. ,;Association between air pollution and chronic diseases
among the elderly in Chi.a. Natural Hazards 2017; 89: 79-91.

Lu Y, Zeger SL. On the equivai.nce of case-crossover and time series methods in environmental
epidemiology. Bioctati ot cs 2007; 8: 337-344.

Min J-y, Kim H-J, Min K -b. L ong-term exposure to air pollution and the risk of suicide death: A
population-basea ~onort study. Science of The Total Environment 2018; 628-629: 573-
579.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLOS MED 2009; 6: e1000097.

Ng CFS, Stickley A, Konishi S, Watanabe C. Ambient air pollution and suicide in Tokyo, 2001
2011. Journal of affective disorders 2016; 201: 194-202.

Novak M, Mucsi I, Rhee CM, Streja E, Lu JL, Kalantar-Zadeh K, et al. Increased risk of incident
chronic kidney disease, cardiovascular disease, and mortality in patients with diabetes
with comorbid depression. Diabetes care 2016; 39: 1940-1947.

Qian Z, He Q, Lin H-M, Kong L, Bentley CM, Liu W, et al. High temperatures enhanced acute
mortality effects of ambient particle pollution in the “oven” city of Wuhan, China.
Environmental Health Perspectives 2008; 116: 1172-1178.

Ragguett R-M, Cha DS, Subramaniapillai M, Carmona NE, Lee Y, Yuan D, et al. Air pollution,
aeroallergens and suicidality: a review of the effects of air pollution and aeroallergens on



suicidal behavior and an exploration of possible mechanisms. Reviews on Environmental
Health 2017; 32: 343-359.

Riblet NB, Gottlieb DJ, Watts BV, Cornelius SL, Fan VS, Shi X, et al. Hypoxia-related risk
factors for death by suicide in a national clinical sample. Psychiatry research 2019; 273:
247-251.

Roy B, Goh N. A review on smoke haze in Southeast Asia: Deadly impact on health and
economy. Quest International Journal of Medical and Health Sciences 2019; 2: 23-28.

Sarkhosh M, Mahvi AH, Yunesian M, Nabizadeh R, Borji SH, Bajgirani AG. Source
apportionment of volatile organic compounds in Tehran, Iran. Bulletin of environmental
contamination and toxicology 2013; 90: 440-445.

Sarkhosh M, Mahvi AH, Zare MR, Fakhri Y, Shamsolahi HR. Indoor contaminants from
hardcopy devices: characteristics of VOCSs in photocopy centers. Atmospheric
environment 2012; 63: 307-312.

Szyszkowicz M, Kousha T, Kingsbury M, Colman I. Air pollutirin a.d emergency department
visits for depression: a multicity case-crossover study. Znv:ronmental health insights
2016; 10: EHI. S40493.

Szyszkowicz M, Willey JB, Grafstein E, Rowe BH, Colma. |. Air pollution and emergency
department visits for suicide attempts in VVancoriver, Canada. Environmental health
insights 2010; 4: EHI. S5662.

Yang C-Y, Huang Y-T, Chiu H-F. Does ambient oZc"e air pollution trigger suicide attempts? A
case cross-over analysis in Taipei. Journal >% Toxicology and Environmental Health, Part
A 2019a; 82: 638-644.

Yang C-Y, Weng Y-H, Chiu Y-W. Relatic 1sh’p between ozone air pollution and daily suicide
mortality: a time-stratified case-crossc ‘er study in Taipei. Journal of Toxicology and
Environmental Health, Part A 2029b; 82: 261-267.

Zhao C-N, Xu Z, Wu G-C, Mao Y-M L. '1_-N, Dan Y-L, et al. Emerging role of air pollution in
autoimmune diseases. Auto*mn ity reviews 2019.

Table 1. Characteristics of Stua.>s Assessing Association between Suicide Death and Air
Pollution in Total Populaficn

N | Study Suici o
_ L Significa
0. | Jesign/m Criteri de Qual
Data ] Lag Effect | nt )
Author | Study | odel _ | aAir _ Deat ) ity
Peri Tim meas | Associat
, Year | Place Polluta h ) Scor
od es ure ions
nts Num es
(p<0.05)
ber
1 ] Seven Case- LDO OR PMjgat
Kim et o
cities, crossover PMjy, |10 per LD1,
al. 2004 4341 80%
South / PM,s | LD3 IQR LD2,
2010 o )
Korea Conditio ; increa | CL1,




nal CL1 sesin | CL2,
logistic to Mean | CL3
regressio CL3 PM, s at
n LD1
Case-
LDO
crossover ) OR NO, at
0
. / NO,, per LD2,
Bakian . 2000 LD3
Utah, Conditio SO,, 1546 | IQR LD3,
etal. - ; ) 90%
USA nal PMio, increa | CL3
2015 o 2010 CL1 )
logistic PM; 5 ) sesin | PM;sat
0
regressio Mean | LD2
CL?
n
Case- ~ NO, at
crossover | LDO,
/ LDO CL1,
Conditio to OR CL2,
_ nal 200 | NOy, LD7 per CL3
Linet | Guangz o
logistic - SO, ; IQR SO, at
al. hou, ) 1550 | 90%
) regressic \zOlZ PMyo CL1 increa | LDO,
2016 China .
n to sesin | CL1
CL7 Mean | PMgat
LDO,
CL1,
CL2
Case- LDO
crossover o OR
/ o NO;, per
Ng et Conditio | 2001 LD3
Tokyo, | nal SO, IQR
al. logisti - ; 29939 | None 80%
Japan ogistic PM,s increa
2016 regressio | 2011 CL1 )
n ses in
to
Mean
CL3




Case-

OR Oz at
crossover
) LDO per 10 | LDO,
Casas - 2002 | Og, ; pg/m | CL1,
) Conditio
et al. Belgium | - PMio CL1 | 20533 | 3 CL2, 90%
na
2017 o 2011 to increa | CL3,
logistic .
) CL6 sein | CL4,
regressio
mean | CL5
n
Time- ~ |]IRR
series/ per
Conditio 20%
nal increa | NO, at
) NO,. )
Poisson LDO se in LD4
Fernan ) SO,
g Four regressio | 2011 . to mean; | CO at
ez- '3y
_ cities, | n ; ’ LD7 | 1942 |10 |LD4
Nifo et O, 70%
Colomb 20:1 ; pg/m | PMypat
al. ) PMyy,
ia CL7 3for | LD4
2018 PM2s
PMig; | PMysat
5 LD4
Hg/m
3 for
PM2s
Case- Kore NO, at
crossover | a LDO RR LDO
NO,,
) 10 / 2001 ; per SO, at
Kim et o . SOy, 13481
Cities, Conditio | - CL1 IQR LDO,
al. PMj, 1 ) 90%
Northea | nal 2010 to increa | CL1,
2018 PM:s
st Asia | Poisson ; CL9 sesin | CL2,
regressio | Japa Mean | CL3,
n n CL4




1979

2009

Taiw

an

1994

2007

PMyp at
LDO,
CL1,
CL2,
CL3

Lee et
al.
2018

26
cities,
South

Korea

Case-
crossover
/
Conditio
nal
logistic
regressio

n

2002

2013

NO,
SOz,
Os,
CO,
PMyg

LDO
to
LD7

CL1
to
CL7

73445

OR
per
IQR
increa
ses in

Mean

NO;at
LDO,
LD1,
CL1,
CL2,
CL3
SO at
LDo,
CL1,
CL2,
CL3
Ozat
LDO,
LD5
CO at
LDo,
LD1,
CL1,
CL2,
CL3,
CL4,
CLS,

80%




CL7

9 Case-
RR
crossover
per 10
/ 2009 CL1
: . Hg/m
Lietal. | Beijing, | Conditio |- , 1148 PM, s at
. PM2s 3 60%
2018 China nal 2011 CL7 ) CL1
_ increa
Poisson .
. sein
regressio
mean
n
10 Time- IRR
. NO, at
series/ per
- LDO*,
Conditio 20%
) LD7*
nal increa
. | ] SO, at
) Poisson NO, sein
Astudil ) LD3*,
) regressio | 2000 K S0, LDO mean;
lo- Mexico LD4,
] _ n - I3, to 12294 | 10
Garcia | City, LD7* 70%
) 20:8 | PMy, | LD7 pg/m
et al. Mexico Oszat
PM2s 3 for
2019 LD3*,
PMyyo;
LD6*,
5
| LD7*
Hg/m
PMjgat
3 for
LD7*
PM2s
11 Case-
crossover OR
/ 2004 per
Yang et o .
Taipei, | Conditio |- O3 CL2 | 2001 |IQR Osat
al. _ ) 4 60%
Taiwan | nal 2008 increa | CL2
2019A o )
logistic sesin
regressio Mean

n




* significant negative associations (otherwise, significant positive associations); # calculated in
top groups by the current authors; NO,: Nitrogen dioxide; SO,: Sulfur dioxide; Oz: Ozone; CO:
Carbon monoxide; PM,: Particulate matter <10 um; PM,s: Particulate matter <2.5 um; LD: Lag
day; CL: Cumulative lag; OR: Odds ratio; IRR: Incidence rate ratio; RR: Risk ratio; IQR:
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Fig. 1. PRISMA 2009 flow diagram of the study

Fig. 2. Suicide risks significantly associated with criteria air pollu? ants at various lag times in the
general population. The values are OR with 95%Cl per 10 pg/m? i.~rease in NO,, SO, Os,
PM1o, and PM, 5 and 0.5 mg/m3 increase in CO; NOy: Nitroge.: Juaide; SO,: Sulfur dioxide; Os:
Ozone; CO: Carbon monoxide; PMjo: Particulate matter <*0 ..., PM,5: Particulate matter <2.5
pm; LD: Lag day; CL: Cumulative lag



Graphical abstract

Highlights
e Air pollution is associated with an increased risk of suicide death in the general
population.
e The possible effects of air pollutants seem to be exerted on suicide cumulatively.
NO;, SO,, PMyg, and PM 5 at the cumulative lag of 0-1 days increase the risk of suicide.
e |t seems that air pollution possesses no immediate risk of suicide mortality.
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