N

N

PM2.5 and PM10 air pollution peaks are associated
with emergency department visits for psychotic and
mood disorders
Baptiste Pignon, Cynthia Borel, Mohamed Lajnef, Jean-Romain Richard,
Andrei Szoke, Frangois Hemery, Marion Leboyer, Gilles Foret, Franck
Schiirhoff

» To cite this version:

Baptiste Pignon, Cynthia Borel, Mohamed Lajnef, Jean-Romain Richard, Andrei Szoke, et al.. PM2.5
and PM10 air pollution peaks are associated with emergency department visits for psychotic and
mood disorders. Environmental Science and Pollution Research, 2022, 29 (59), pp.88577-88586.
10.1007/s11356-022-21964-7 . hal-04259480

HAL Id: hal-04259480
https://hal.science/hal-04259480v1

Submitted on 4 Sep 2024

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04259480v1
https://hal.archives-ouvertes.fr

Environmental Science and Pollution Research (2022) 29:88577-88586
https://doi.org/10.1007/5s11356-022-21964-7

RESEARCH ARTICLE q

Check for
updates

PM, : and PM,, air pollution peaks are associated with emergency
department visits for psychotic and mood disorders

Baptiste Pignon'® . Cynthia Borel' - Mohamed Lajnef’ - Jean-Romain Richard’ - Andrei Szoke' - Francois Hemery? -
Marion Leboyer' - Gilles Foret® - Franck Schiirhoff'

Received: 18 March 2022 / Accepted: 7 July 2022 / Published online: 14 July 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

Particulate matters with a diameter of less than 10 um (PM,,) or less than 2.5 um (PM, 5) are major air pollutants. Their
relationship to psychiatric disorders has not yet been extensively studied. We aimed to explore the relationship between PM,
and PM, 5 air pollution peaks and the daily number of emergency visits for psychotic and mood disorders. Clinical data were
collected from the Emergency Department of a Paris suburb (Créteil, France) from 2008 to 2018. Air pollution data were
measured by the Paris region air quality network (Airparif) and collected from public databases. Pollution peak periods
were defined as days for which the daily mean level of PM was above nationally predefined warning thresholds (20 pug/m?
for PM, 5, and 50 pg/m? for PM,,), and the 6 following days. Multivariable analyses compared the number of daily visits
for psychotic and mood (unipolar and bipolar) disorders according to pollution peak, using negative binomial regression.
After adjustment on meteorological variables (temperature, humidity, amount of sunshine in minutes), the daily number of
emergency visits for psychotic disorders was significantly higher during PM, 5 and PM,, air pollution peak periods; while
the number of visits for unipolar depressive disorders was higher only during PM,, peak periods (8=0.059, p-value =0.034).
There were no significant differences between peak and non-peak periods for bipolar disorders. Differences in the effects of
PM air pollution on psychotic and mood disorders should be analyzed in further studies.

Keywords Air pollution peak - Emergency department - Mood disorders - Particulate matter - Psychotic disorders

Abbreviations Introduction

95% CI  95% Confidence interval

OR Odds-ratio Ambient outdoor air pollution is presumed to cause 4.2 mil-

PM Particulate matter lion premature deaths worldwide yearly, particularly as it is

PM,, Particulate matter with diameter less than 10 pm related to cardiovascular and pulmonary diseases as well

PM, Particulate matter with diameter less than as cancer (estimate for 2016) (World Health Organization
2.5 ym (WHO), 2018). Exposure to particulate matter with a diam-

RR Relative risk eter of less than 2.5 (PM, 5) and 10 um (PM, ) is assumed to

WHO  World Health Organization be among the main causal factors of this association (Risom

et al. 2005; Ling and van Eeden 2009; Cao et al. 2012).
Alongside these premature deaths, PM have also been linked
Responsible Editor: Lotfi Aleya to neurological diseases, such as multiple sclerosis and cer-
ebral stroke (Leiva et al. 2013; Palacios et al. 2017; Zhang
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ciated with the incidence of these psychiatric disorders, in
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a dose-response relationship. Air pollution has been men-
tioned as a factor that could (at least partly) explain these
associations. Moreover, in vitro animal studies are in favor
of a neuroinflammatory effect of exposure to PM (Block
and Calderdn-Garcidueias 2009), which could also have
implications for psychiatric disorders (Buoli et al. 2018).
PM could affect the brain directly by translocating along
the olfactory nerve and/or indirectly via systemic inflam-
mation. This translocation could be involved in the neuro-
inflammation and oxidative stress which have been shown to
be involved in the pathophysiology of psychotic and mood
disorders (Réus et al. 2015; Howes and McCutcheon 2017).

The potential associations between air pollution and
psychiatric conditions have been poorly studied thus far.
In 2004, a first study displayed associations between the
risk of schizophrenia and exposure to benzene and car-
bon monoxide (CO) — this study did not analyze the role
of PM (Pedersen et al. 2004). In the second study, Khan
et al. (2019) analyzed data from the USA and Denmark —
PM were included in a global air quality indicator. Their
results showed that the risk of several psychiatric disor-
ders, including psychotic and mood (unipolar and bipolar)
disorders, was associated with air quality. In addition, the
relationships of exposure to PM (PM, s and PM,,) with
the severity of the course of psychiatric disorders have
been studied in several studies and have recently been
summarized in a systematic review of literature (Ber-
nardini et al. 2020). These studies analyzed the associa-
tions between PM concentrations and the daily number of
emergency visits for several psychiatric disorders which
is believed to reflect the number of subjects with a first
episode or relapse of these psychiatric disorders. A puta-
tive association between PM pollution peaks and this daily
number would suggest an effect of PM on the course of
these disorders. With regard specifically to psychotic dis-
orders, different studies have found inconsistent results.
For instance, in Israel, among patients suffering from
schizophrenia, no association was found between the con-
centration of PM and the number of psychotic episodes;
only a trend toward a positive correlation during periods
with dominant eastern winds (which, according to the
authors, are associated with significant variations in the
level of air pollution) (Yackerson et al. 2014). In Beijing
(China), analyzing different lag periods after a 10 pg/m?
increase in concentrations of PM, Gao et al. (2017) found
a significant increase in the percentage of daily hospital
admissions for psychotic disorders only among women
with a lag of 0-6 days (1.74% increase for PM,,, 1.38%
for PM, 5, 2.20% for PM with diameters between 2.5 and
10 um). Similarly, in another area of China, Duan et al.
(2018) found a significant effect of PM,, concentration
(90th and 95th percentiles) at various single- and multi-
day periods and hospital admission for schizophrenia (e.g.,
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lag 3 days for the 95th percentile of PM10 concentration:
RR=1.97,95% CI [1.66-2.36], or lag 4 days: RR=1.92,
95% CI [1.57-2.36]).

With regard to mood disorders, the situation is quite simi-
lar: the published studies found conflicting results with non-
significant or only slightly significant associations (Braith-
waite et al. 2019; Bernardini et al. 2020). For instance, in
Edmonton (Canada), Szyszkowicz (2007) found significant
associations between PM concentration and emergency vis-
its for depression for women only and only during the cold
season (increase in daily visits: 7.2%, 95% CI [2.7-12.0] for
PM,, and 7.2%, 95% CI [2.0-12.8] for PM, 5). In 26 Chinese
cities, both PM, 5 and PM,, levels were positively associ-
ated with the number of hospital admissions for depres-
sion (PM, s: risk of hospitalization peaked 2.9% (95% CI
[1.37-4.50]) on the first day of the pollution peak (lag O day)
and 3.7% (95% CI [2.09-5.24]) for a lag of 5 days)) (Wang
et al. 2018). Interestingly, like with subthreshold psychotic
symptoms (Newbury et al. 2019), another study found a sim-
ilar pattern for subthreshold symptoms of depression among
older adults (lag 7 days: RR=1.09 95 CI% [1.01-1.17]) (Pun
et al. 2017).

The inconsistent results of the different studies on the
influence of PM concentration on the number of emergency
visits are probably related to the differing methodological
designs of these studies including the following: differ-
ent methods to estimate the impact of PM concentrations
(deciles, increase of 10 pg/m?’ in the concentrations), dif-
ferent risk periods (lag 0-6 days, lag 3 days, etc.), separate
analyses by gender (Bernardini et al. 2020). Further reliable
studies are necessary on this topic. Rather than the variety of
methods used to measure the influence of PM concentration
(increase, deciles, etc.), predefined PM air pollution peak
thresholds could be used; and rather than multiple analyses
(which are associated with an increase of the alpha risk), a
unique level of lag days should be predefined. In addition, as
pollution is closely linked to meteorological variables (tem-
perature, humidity, etc.), they should be considered in the
statistical analyses as adjustment factors. Finally, very few
of the studies that considered the links between air pollution
and psychiatric disorders took place in Europe, and none in
France, and to our best knowledge, no studies have specifi-
cally examined the relationships between PM concentrations
and emergency visits for bipolar disorders or whole mood
— unipolar and bipolar — disorders (Buoli et al. 2018; Ber-
nardini et al. 2020; Pignon et al. 2020b). If the association
with air pollution is demonstrated and we accept causality,
air pollution should be considered a population-level target
to improve the course of psychotic and mood disorders.

With these issues in mind, in the present study, we
explored the possible links between PM, 5 and PM,, air pol-
lution peaks and the daily number of visits for psychotic and
mood (unipolar and bipolar) disorders in one of the largest
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psychiatric emergency departments of the Paris suburbs. We
hypothesized that the 3 considered outcome (the daily num-
ber of emergency visits for psychotic and mood (unipolar
and bipolar)) disorders are associated with PM air pollution
peaks.

Materials and methods
Data collection
Psychiatric emergency department visits outcomes

Clinical data were collected from the Emergency Depart-
ment of the Centre Hospitalo-Universitaire Henri Mondor,
a university-affiliated hospital based in Créteil (a suburb of
Paris, France). It is the largest emergency department in the
county (Val-de-Marne). The daily number of emergency
visits for psychotic and mood disorders was extracted from
January 1st, 2008, to December 31st, 2018 (11 years). Infor-
mation about each case included the following: the date of
the visit, the sex and age of the patient, and their diagnosis
according to the International Classification of Diseases
(10th Revision, ICD-10) (recorded by a psychiatrist). The
selected diagnoses for the study were psychotic (F20-F29)
and mood — unipolar depressive (F32-F39) and bipolar
(F30-F31) — disorders.

Air pollution data

Air pollution data were collected and made available by the
Airparif air quality monitoring network (https://www.airpa
rif.asso.fr/). We selected the 5 measurement sites closest
to the emergency department in a 20 km radius: Vitry-sur-
Seine at 3.7 km, Nogent-sur-Marne at 5.5 km, Bobigny at
12.2 km, Lognes at 14.0 km, and Tremblay-en-France at
19.2 km. All of these sites are classified as urban, with the
exception of Tremblay-en-France which is considered sub-
urban. Airborne mass concentrations of PM were provided
hourly at 2 sites for PM, 5 (Vitry-sur-Seine, Bobigny), and
in all 5 sites for PM,,. French guidelines were used to define
the thresholds for a pollution peak: daily concentration of
20 ug/m? for PM, 5, and 50 ug/m? for PM,, (Haut Conseil de
la Santé Publique 2012). A daily mean concentration of PM
above the threshold, for any one of the measurement sites,
was used as the definition for the presence of a PM peak day.

Meteorological data

As the impact of air pollution on health is dependent on mete-
orological conditions (Niu et al. 2021), the following variables
were used as adjustment variables: temperature (T, °C), rela-
tive humidity (%), and daily duration of sunshine (in minutes)

for the nearest meteorological station (7.1 km distance from
the Henri-Mondor hospital). Meteorological data are freely
available from the internet site of Météo France (https://www.
meteofrance.com/) which is the official provider for meteoro-
logical and climate data in France.

Statistical analyses
Pollution peak day definition

This study compared the daily number of emergency visits
between “pollution-peak days” and “non-pollution-peak days.”
The “pollution-peak days” were defined as days during which
the pollution threshold was exceeded in at least one of the 5
measurement sites and the 6 following days.

Multivariable analyses

Multivariable analyses compared the number of daily visits
for psychotic and mood disorders according to the presence
of a PM pollution peak on a given day or in the 6 following
days. We used Poisson regression or, in the presence of an
over-dispersion, negative binomial regression. Adjustment fac-
tors were daily temperature, daily relative humidity, and daily
duration of sunshine.

Supplementary (correlation) analyses

To study the relationship between PM peaks and emergency
visits on an annual basis, correlation analyses (Spearman cor-
relation tests) were also conducted between the annual number
of emergency visits and the number of annual PM pollution
peaks.

Moreover, air pollution varies according to season, and
the association with psychiatric outcomes could be different
according to season (Kan et al. 2008). To test the hypothesis
of a differential effect of air pollution according to season, the
correlation between the number of episodes and the number of
PM, 5 peaks was also tested in each quarter of the year (Spear-
man correlation tests).

All analyses were conducted using R software version 3.6.0.

Results
Descriptive statistics

From January 1st, 2008, to December 31st, 2018, a daily
mean of 5.16 emergency visits (psychotic disorders: 2.16,
unipolar depressive disorders: 2.54, bipolar disorders:
0.70) for the diagnoses of interest was recorded. The soci-
odemographic characteristics (age, sex) of the sample are
available in Table 1.
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During the study, 1040 PM, 5 peaks and 234 PM,,
peaks were measured; 2355 (58.6% of the days in a cal-
endar year) days were considered to be PM, 5 peak days,
including 1550 without PM,, peaks (38.6% of the total
number of days), and 805 (20.0%) as both PM, 5 and PM,,
peak days. No PM,, peak was present in the absence of a
PM, 5 peak, while 65.8% of the PM, 5 peak days occur in
the absence of a PM,, peak (1550/2355, with a significant
association between PM,, and PM, 5 peaks, see Supple-
mentary Table 1). Thus, PM, 5 and PM,, peaks were not
included together in the multivariable analyses, but we
analyzed associations with PM, s peaks without a PM,,
peak. The number of days with and without PM peaks,
and the weather characteristics of the days according to
PM peak are available in Table 2.

Regarding the raw rates, the average daily number of
emergency visits for psychotic disorders was higher dur-
ing PM, 5 and PM,, pollution peak days than in non-peak
pollution days (PM, 5: 1.95 visits/day during peak vs. 1.87
visits/day without peak; PM,;,: 2.00 vs. 1.90), likewise
for mood disorders (unipolar: PM, 5: 2.58 vs. 2.48, PM,:
2.68 vs. 2.51; bipolar: PM, 5: 0.71 vs. 0.69, PM: 0.71 vs.
0.68). Details are available in the Table 3.

Association between PM pollution peaks and daily
number of emergency visits

For both psychotic and mood disorders, as the data dis-
played significant overdispersion, multivariable analyses
used negative binomial regression. The daily number of
emergency visits for psychotic disorders was not associated
with the presence of PM, s nor PM,, peaks in the univariate
analysis, while the multivariable analyses displayed a sig-
nificant positive association with PM, 5 (8=0.066, 95% CI
[0.013-0.119], p-value=0.014) and PM,, peaks (f=0.064,
95% CI [0.000-0.127], p-value =0.048). Details of these
analyses are available in Table 4.

Table2 Weather characteristics (mean) of days with and without
PM, ; and PM,, peak! pollution between 2008 and 2018

Daily temperature (°C) PM, 5 peak days 9.8
PM,, peak days 7.4
Without PM, 5 days 15.5
Without PM,, days 13.3

Daily relative humidity (%) PM, 5 peak days 1.7
PM,, peak days 71.5
Without PM, 5 days 71.9
Without PM,, days 74.7

Daily time of sunshine (min) PM, 5 peak days 259.5
PM,, peak days 256.3
Without PM, 5 days 343.7

Without PM,, days 305.5

With regard to unipolar depressive disorders, the daily
number of emergency visits was negatively associated with
PM, 5 peaks and positively associated with PM,, peaks in
univariate analyses, but only with PM,, peaks ($=0.059,
95% CI [0.004-0.114], p-value=0.034) in the multivari-
able analyses. Details of these analyses are available in the
Table 5.

No significant association was found where involving
bipolar mood disorders. Details of these analyses are avail-
able in the Table 6.

Supplementary (correlation) analyses

Correlation tests revealed a significant positive correla-
tion between annual PM, 5 pollution peaks and number of
emergency visits for psychotic disorders (correlation coef-
ficient=0.79, p-value =0.004), and non-significant corre-
lations for unipolar depressive and bipolar disorders (see
Supplementary Table 2 for details). The scatter plots of the
annual number of emergency visits for psychotic, bipolar,
and unipolar depressive disorders according to the annual

Table 1 Number of emergency
room visits for psychotic and
mood disorders from 2008 to
2018, and characteristics of

N (%) or mean
(standard-devi-

patients

ation)

Daily number of emergency visits for the diagnoses of interest 5.16 (2.4)

Total number of emergency visits for the diagnoses of interest 20,727

Daily number of emergency visits Psychotic disorders 1.92 (1.4)
Unipolar depressive disorders 2.54 (1.6)
Bipolar disorders 0.70 (0.8)

Sex (female) Psychotic disorders 2,838 (36.9%)
Unipolar depressive disorders 6,572 (64.4%)
Bipolar disorders 1,706 (60.6%)

Age (years) Psychotic disorders 40.11 (11)
Bipolar disorders 44.61 (14.7)
Unipolar depressive disorders 46.11 (12.5)
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number of pollution peaks of PM, 5 are available in the
Fig. 1.

Correlation analyses per quarter concerning psychotic
disorders revealed that correlations were similar in the first
quarter (from January to March), and not significant for the
other quarters, while for unipolar depressive disorders, the
correlations were significant (and negative) for the third
quarter, and not significant in the other quarters. With regard
to bipolar disorders, the correlations were not significant for
the four quarters (see Supplementary Table 3 for details).

Discussion

This 11-year cohort study analyzes the relationships between
PM air pollution and psychiatric outcomes, namely the
number of emergency department visits for psychotic and
mood (unipolar and bipolar) disorders for the first time in
France. The results show a significant association between
PM, 5 and PM,, air pollution peaks and the daily number
of emergency visits for psychotic disorders. The number of
daily emergency visits for unipolar depressive disorders was
also higher during PM,, peak. Finally, no associations were
found for bipolar disorders.

Comparisons with previous studies

In a systematic review of studies focusing on associations
between air pollutants and daily hospital admissions and/
or emergency department admissions for psychiatric care,
Bernardini et al. (2020) identified 19 studies (including
9 that analyzed psychiatric disorders as a whole, without
specifying the diagnoses). Among the different analyzed air
pollutants, the strongest and most consistent evidence of an
association with psychiatric disorders was found with PM,:
regarding all the considered psychiatric disorders, 13 of the
16 studies that analyzed the influence of PM,, and 8 of the
12 studies for PM, 5 found significant associations. Inter-
estingly, these consistent results were found with different

Psychotic disorders

850
290

Bipolar disorders

methods: (i) analyzing the influence of PM with different lag
periods (e.g., lag 0 and lag 0—1 days (Lee et al. 2019), lag 0
to 3 (Kim et al., 2019), etc.) and (ii) most analyzed the influ-
ence of a 10 pg/m? increase of PM, whereas we analyzed the
number of visits according to the presence or not of a pol-
lution peak (i.e., above predefined official thresholds defin-
ing a risk to humans). Thus, our study using another design
(lag 7 days, and a binary PM peak variable according to
predefined air pollution thresholds) confirms an exarcerbat-
ing effect of air pollution on psychotic and unipolar depres-
sive episodes. A strength of our analyses is the adjustments
for daily temperature, daily relative humidity, and daily
sunshine (which are associated with the outcomes, cf. for
instance a negative association between daily temperature
and number of admissions for unipolar depressive disorders,
consistent with the literature (Wortzel et al. 2019)). The fact
that annual correlations were significant suggests that PM air
pollution could also have a cumulative effect. However, mul-
tivariable analyses are necessary to clarify this issue (that
were not possible in the present study, because of statistical
power issues, N=11 in the present study).

Regarding psychotic disorders specifically, as stated pre-
viously, the results of prior studies were inconsistent — with
some showing significant results (Duan et al. 2018), and
some that did not find any significant associations, or only
among subgroups (Yackerson et al. 2014; Gao et al. 2017,
Bernardini et al. 2020). Interestingly, only one study ana-
lyzed hospital admissions according to similar PM thresh-
olds (25 pg/m? for PM, 5 vs. 20 in the current study, and
50 ug/m? for PM,, in both studies) and found consistent
results (fraction of hospital admission for schizophrenia
attributable to exceeding PM, s threshold: 15.13%, 95% CI
[1.83-25.50%], PM,: 15.32%, 95% CI [3.49-24.56%]) (Qiu
et al. 2019).

Results concerning unipolar depressive disorders were
similar to those for psychotic disorders, with a significant
positive association between the number of daily emer-
gency visits and PM,, peak. The Qiu et al. (2019) study
that analyzed hospital admissions according to PM thresh-
old found consistent results (fraction of hospital admission

Unipolar depressive disorders
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Fig. 1 Scatter plots of annual number of emergency visits (y) and number of PM, 5 pollution peak days (x)
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for depression attributable to exceeding PM, 5 threshold:
12.07%, 95% CI [0.10-21.81%], PM,4: 6.10%, 95% CI
[1.40-10.32%]). Consistently, in their systematic review
focusing on the psychiatric consequences of exposures of
PM, Braithwaite et al. (2019) found that short-term increases
in PM exposures appeared to be globally positively asso-
ciated with emergency department visits for depression in
seven studies. Of note, the negative association between
PM, 5 peak and the number of emergency visits for unipo-
lar depressive disorders in univariate analysis was not con-
firmed in the multivariable analyses and could be related to
confounding factors, for instance weather conditions, which
are known to have a significant impact on mood disorders
(Geoffroy et al., 2017; Geoffroy et al., 2014).

An association between PM peaks and bipolar disorders
had never been studied before and thus our results could not
be compared with prior studies, but the absence of any sig-
nificant variations is still surprising, particularly with regard
to the fact that bipolar disorders share some (environmental
or genetic) risk factors and pathophysiology with psychotic
disorders (Demjaha et al. 2012; Bellivier et al. 2013; Pignon
et al. 2019) and unipolar depressive disorders (Arango et al.
2021).

Pathophysiological considerations

Several pathophysiological hypotheses have been formed to
explain the role of PM pollution in the etiology and severity
of psychiatric disorders. The central nervous system may be
affected by inflammatory and oxidative processes — par-
ticularly due to increased levels of inflammatory cytokines
(Block and Calderén-Garciduedias 2009; Buoli et al. 2018)
that are considered to be causal mechanisms of psychiatric
disorders (Leboyer et al. 2012, 2016; Howes and McCutch-
eon 2017; Miiller 2018). Increased stress cortisol production
and hypothalamo-pituitary-adrenal axis dysregulation —
which are also involved in the etiology of psychiatric disor-
ders (Zorn et al. 2017; Cherian et al. 2019) — may also play
arole (Li et al. 2017; Miller et al. 2020). A body of evidence
is in favor of global blood vessel pollution-related damage
affecting white matter, cortical gray matter, and basal gan-
glia (de Prado Bert et al. 2018). PM may also affect cogni-
tive development (Zhang et al. 2018), or global psychologi-
cal well-being (Orru et al. 2016; Nakao et al. 2017). Of note,
these alterations may reflect chronic more than acute (e.g.,
recent PM peak) exposure. Research remains to be done on
the specific pathways and neurobiological impact of short
and long-term PM exposures, and their relationships with
specific psychiatric disorders, such as mood and psychotic
disorders, that have specific pathophysiology. This research
could address the issue of the observed differences in asso-
ciations between air pollution and the different psychiatric
disorders.

@ Springer

Limitations

Several limitations to our study should be acknowledged.
First, individual factors related to mood or psychotic exac-
erbation, such as stressful-life events, socioeconomic status,
cannabis consumption, or inflammatory events and physical
comorbidities, could not be analyzed within the scope of our
study. Environmental factors such as noise levels, or access
to and use of green space, were also not within the scope of
our study (Gascon et al. 2018; Engemann et al. 2020). More-
over, indoor pollution, daily exposure to other air pollutants
(such as nitrogen dioxide or ozone) automobile traffic, and/
or tobacco use, which may have a large impact on the level
of PM exposure, could also not be analyzed. Finally, in the
analyses, as the data was anonymous, we were unable to
remove duplicate subjects.

Unfortunately, the lockdown period linked to the COVID-
19 pandemic was not included in our study. This period
could be very interesting to study. In a prior study, we
showed that the number of emergency visits for psychiatric
disorders dramatically decreased during the 4 first weeks
of lockdown, in comparison to the corresponding weeks
of 2019 (more than 50% decrease) (Pignon et al. 2020a).
During the same time, the level of air pollution decreased,
potentially explaining (at least in part) the decrease in the
number of emergency visits (Hamzaoui et al. 2021). How-
ever, several other factors were modified during this period
and could also be involved, such as diet and/or sleep habits
and the use of alcohol and other substances (Rolland et al.
2020; Bennett et al. 2021; Bertrand et al. 2022).

Conclusions

For the first time in France, we analyzed the relationships
between recent exposure to a PM air pollution peak (according
to predefined thresholds) and emergency department visits for
psychotic, unipolar, and bipolar mood disorders. After adjust-
ment on meteorological data, multivariable analyses show a
significant association between PM,, and PM, 5 air pollution
peak and the daily number of visits for psychotic disorders, and
between PM,, air pollution peak and the daily number of visits
for unipolar depressive disorders. These analyses were con-
firmed by a significant correlation between the annual number
of PM, s air pollution peaks and the number of visits for psy-
chotic disorders. The major strengths of this study are the long
period of data collection, the ecological design, the adjustment
on weather variables, and the study of three psychiatric out-
comes using the same methodology. Moreover, contrary to
similar prior studies (Gao et al. 2017; Duan et al. 2018), we
did not use a large number of statistical analyses. These results
move us toward a better understanding of the pathophysiology
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of psychotic disorders and reinforce arguments for reducing
PM emissions, especially in densely populated areas. Other
studies — particularly prospective studies — are necessary to
understand the relationships between air pollution (including
PM and their sources or other air pollutants, such as nitrogen
dioxide) and the severity and course of psychiatric disorders.
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