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PM2.5 and PM10 air pollution peaks are associated with emergency
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Abstract
Particulate matter with a diameter of less than 10 µm (PM 10 ) or less than 2.5 µm (PM 2.5 ) are major air pollutants poorly studies regarding psychiatric
disorders. We aimed to explore the association between PM 10 and PM 2.5 air pollution peaks and the daily number of emergency visits for psychotic and
mood disorders. Clinical data were collected from the Emergency department of the Centre Hospitalo-Universitaire Henri-Mondor (Créteil, France) from 2008
to 2018. Air pollution data were collected from public databases. Pollution peaks periods were de�ned as days for which the daily mean level of PM was
above nationally prede�ned warning thresholds (20 µg/m 3 for PM 2.5 , and 50 µg/m 3 for PM 10 ), and the 6 following days. Multivariable analyses
compared the number of daily visits for psychotic and mood disorders according to pollution peak period. After adjustment on meteorological variables, the
daily number of emergency visits for psychotic disorders was signi�cantly higher during with PM 2.5 and PM 10 air pollution peaks periods; while the
number of visits for unipolar depressive disorders was higher only during PM 10 peaks periods (β=0.059, p-value=0.034). There was no signi�cant
differences concerning bipolar disorders. Differences in the effects of PM air pollution on psychotic and mood disorders should be analyzed in further
studies.

Introduction
Ambient outdoor air pollution is presumed to cause 4.2 million premature deaths worldwide yearly, particularly related to cardiovascular diseases,
pulmonary diseases and cancer (estimation for 2016) (World Health Organization (WHO), 2018). Particulate matter with diameter less than 2.5 (PM2.5) and
10 micrometers (PM10) exposure are assumed to be among the main causal factors of this association (Cao, Xu, Xu, Chen, & Kan, 2012; Ling & van Eeden,
2009; Risom, Møller, & Loft, 2005). Alongside these premature deaths, PM have also been linked to neurological diseases, as multiple sclerosis or cerebral
stroke (Leiva, Santibañez, Ibarra, Matus, & Seguel, 2013; Palacios et al., 2017; Zhang, Chen, & Zhang, 2018). Regarding the link between air pollution and
psychiatric conditions (Buoli et al., 2018), PM are also assumed to be among the most toxic air pollutant (Bernardini, Trezzi, Quartesan, & Attademo, 2020).
Previous studies have for instance shown associations between PM2.5 and PM10 concentrations and increased risk of suicide (C. Kim et al., 2010;
Yackerson, Zilberman, Todder, & Kaplan, 2014), or autism spectrum disorders (Volk, Hertz-Picciotto, Delwiche, Lurmann, & McConnell, 2011). Moreover, in
vitro studies are in favor of a neuroin�ammatory effect of exposure to PM (Block & Calderón-Garcidueñas, 2009).

Concerning psychotic disorders, two studies have shown associations between chronic exposure to several air pollutants and risk of developing the disease
(Khan et al., 2019; Pedersen, Raaschou-Nielsen, Hertel, & Mortensen, 2004). Of note, in the Khan et al. study that analyzed data from USA and Denmark, PM
were included in a global air quality indicator. In addition, the relationships of exposure to PM (PM2.5 and PM10) with severity of the course of psychotic
disorders have been studied in three studies (Duan et al., 2018; Gao, Xu, Guo, Fan, & Zhu, 2017; Yackerson et al., 2014). These studies analyzed the
associations between PM concentrations and daily number of emergency visits for psychotic disorders, which are supposed to re�ect the number of
subjects with a �rst episode of psychosis or a psychotic relapse. A putative association between PM pollution peaks and this daily number would suggest
an effect of PM on severity of these disorders. These three different studies found inconsistent results, probably due to different methodological designs
(different percentile of the concentration of the PM, different risk periods, separate analyses per gender, etc.). In Israel, among patients suffering from
schizophrenia, no association was found between the concentration of PM and the number of psychotic episodes; only a trend toward a positive correlation
during the periods with dominant eastern winds (which, according to the authors, are associated with important variations of the level of air pollution)
(Yackerson et al., 2014). In Beijing (China), analyzing different lag periods after a 10 mg/m3 increase in concentrations of PM, Gao et al. (Gao et al., 2017)
found a signi�cant increase of percentage of daily hospital admissions for psychotic disorders only among women at lag 0-6 days (1.74 % increase for
PM10, 1.38 % for PM2.5, 2.20 % for PM between 2.5 and 10 micrometers). Similarly, in another area of China, Duan et al. (Duan et al., 2018) found a

signi�cant effect of PM10 concentration (90th and 95th percentiles) at various single- and multi-day periods and hospital admission for schizophrenia (e.g.,

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]). Regarding
subthreshold outcomes, in England and Wales, in a prospective study, Newbury et al. found that adolescents with the higher (top quartile) level of annual
exposure to PM2.5 displayed higher risks of psychotic symptoms (OR = 1.45, 95 % CI [1.11-1.90]) (Newbury et al., 2019).

Concerning mood disorders, the situation is quite similar, i.e. the published studies found con�icting results – non-signi�cant or slightly signi�cant
associations (Bernardini et al., 2020; Braithwaite, Zhang, Kirkbride, Osborn, & Hayes, 2019). For instance, in Edmonton (Canada), Szyszkowicz found
signi�cant associations between PM concentration and emergency visits for depression only for women and only in the cold season (increments in daily
visits: 7.2 %, 95% CI [2.7-12.0] for PM10 and 7.2%, 95 % CI [2.0-12.8] for PM2.5) (Szyszkowicz, 2007). In 26 Chinese cities, both PM2.5 and PM10 levels were
positively associated with the number of hospital admissions for depression (PM2.5: risks of hospitalization peaked 2.9 % (95 % CI [1.37-4.50]) on the �rst
day of the pollution peak (lag 0 day) and 3.7 % (95 % CI [2.09-5.24]) for lag 5 days)) (Wang et al., 2018). Interestingly, as for subthreshold psychotic
symptoms (Newbury et al., 2019), a study found similar pattern for subthreshold symptoms of depression among older adults (lag 7 days : RR = 1.09 95
CI% [1.01-1.17]) (Pun, Manjourides, & Suh, 2017).

Considering both psychotic and mood disorders, very few studies took place in Europe, and none in France, and to our best knowledge, no studies have
examined speci�cally the relationships between PM concentrations and emergency visits for bipolar disorders or whole mood – unipolar and bipolar –
disorders (Bernardini et al., 2020; Buoli et al., 2018; Pignon et al., 2020).

Aims of the study
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Thus, in the present study, we explored the possible links between PM2.5 and PM10 air pollution peaks and the daily number of visits for psychotic and
mood (unipolar and bipolar) disorders in one of the most important psychiatric emergency department of Paris suburb.

Methods

Data collection

Psychiatric emergency department visits outcomes

Clinical data were collected from the Emergency department of the Centre Hospitalo-Universitaire Henri Mondor, an university-a�liated hospital based in
Créteil (Paris suburb, France). It is the biggest emergency department of 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). Information about each case included: the date of the visit, sex,
age of the patient and International Classi�cation of Diseases (10th Revision, ICD-10) diagnosis (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.airparif.asso.fr/). We considered 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, Tremblay-en-France at 19.2 km. All these sites are classi�ed as urban background, except Tremblay-en-France which is considered as a
suburban site. Airborne PM mass concentrations were provided at hourly frequencies, in 2 sites for PM2.5 (Vitry-sur-Seine, Bobigny), and in all 5 sites for

PM10. French guidelines were used to de�ne the thresholds which de�ned a pollution peak: 20 µg/m3 for PM2.5, and 50 µg/m3 for PM10 (Haut Conseil de la
Santé Publique, 2012). A daily mean concentration of PM above the threshold, for one of the measurement sites, was used as de�nition for the presence of
a PM peak day.

Meteorological data

As the impact of air pollution on health is dependent of meteorological conditions (Niu et al., 2021), the following variables were used as adjustment
variables: temperature (T, °C), relative humidity (%) and daily time of sunshine (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 o�cial
provider for meteorologic and climate data in France.

Statistical analyses

Pollution peak day de�nition

This study compared the daily number of emergency visits between “pollution-peak days” and “non-pollution-peak days”. The “pollution-peak days” were
de�ned as the days in which the pollution threshold was exceeded at least in 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 PM pollution peak in the 7
precedent days. We used Poisson regression or, in case of the presence of an over-dispersion, negative binomial regression. Adjustment factors 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 correlation 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 also be different according to season (Kan Haidong
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 PM2.5 peaks was also tested in each quarter of the year (Spearman correlation tests).

All the 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 diagnosis of interest were conducted. The sociodemographic characteristics (age, sex) of the sample are available in the
Table 1.
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During the study, 1040 PM2.5 peaks and 234 PM10 peaks were measured; 2,355 (58.6 % of days of a calendar year) days were considered as PM2.5 peak
day, including 1,550 without PM10 peak (38.6 % of the total number of days), and 805 (20.0 %) as both PM2.5 and PM10 peak day. No PM10 peak was
present in the absence of PM2.5 peak, while 65.8 % of the PM2.5 peak days occur in absence of PM10 peak (1,550 /2408, with a signi�cant association
between PM10 and PM2.5 peaks, see Supplementary Table 1). Thus, PM2.5 and PM10 peaks were not included together in the multivariable analyses, but we
analyzed associations with PM2.5 peak without PM10 peak. The number of days with and without PM peak, and the weather characteristics of the days
according to PM peak are available in the Table 2.

Regarding the raw rates, the average daily number of emergency visits for psychotic disorders was higher during PM2.5 and PM10 pollution peak days than
in non-peak pollution days (PM2.5: 1.95 visits/day during peak vs. 1.87 visits/day without peak; PM10: 2.00 vs. 1.90), likewise for mood disorders (unipolar:
PM2.5: 2.58 vs. 2.48, PM10: 2.68 vs. 2.51; bipolar: PM2.5: 0.71 vs. 0.69, PM10: 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, the data displayed signi�cant overdispersion, multivariable analyses used negative binomial regression. The daily
number of emergency visits for psychotic disorders was not associated with the presence of PM2.5 nor PM10 peaks in the univariate analysis, while the
multivariable analyses displayed a signi�cant positive association with PM2.5 (b = 0.066, 95 % CI [0.013-0.119], p-value = 0.014) and PM10 peaks (b = 0.064,
95 % CI [0.000-0.127], p-value = 0.048). Considering the meteorological adjustment variables, the daily number of emergency visits for psychotic disorders
was slightly associated with the daily temperature in the multivariable analyses concerning PM2.5 (b = 0.005, 95 % CI [0.000-0.001], p-value = 0.039).

Concerning unipolar depressive disorders, the daily number of emergency visits was negatively associated with PM2.5 peaks and positively with PM10 peaks
in univariate analyses, but only with PM10 peaks (b = 0.059, 95 % CI [0.004-0.114], p-value = 0.034) in the multivariable analyses. Considering the
meteorological adjustment variables, the daily number of emergency visits for unipolar depressive disorders was slightly associated with the daily
temperature in the multivariable analyses concerning PM2.5 without PM10 (b = -0.004, 95 % CI [-0.008--0.000], p-value = 0.035).

There was no signi�cant association concerning bipolar mood disorders. Details of these analyses are available in the Table 4.

Supplementary (correlation) analyses
Correlation tests revealed a signi�cant positive correlation between annual PM2.5 pollution peak and number of emergency visits for psychotic disorders
(correlation coe�cient = 0.79, p-value = 0.004), and non-signi�cant correlations 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
number of pollution peak of PM2.5 are available in the Figure 1.

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

Discussion
This 11-year cohort study analyses for the �rst time in France the relationships between PM air pollution and psychiatric outcomes, namely the number of
emergency department visits for psychotic and mood (unipolar and bipolar) disorders. The results show a signi�cant association between PM2.5 and PM10

peaks air pollution and the daily number of emergency visits for psychotic disorders. The number of daily emergency visits for unipolar depressive disorders
were also higher during PM10 peak. Finally, no association was 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. (Bernardini et al., 2020) identi�ed 19 studies (including 9 that analyzed psychiatric disorders as a whole without
specifying the diagnoses). Among the different analyzed air pollutants, the strongest and more consistent evidence of an association with psychiatric
disorders concerned PM10: 13 of the 16 studies that analyzed the in�uence of PM10 and 8 of the 12 studies for PM2.5 found signi�cant associations.
Interestingly, these consistent results were found with different methods: (i) these studies analyzed the in�uence of PM with different lag periods (e.g., lag 0
and lag 0-1 days (Lee et al., 2019), lag 0 to 3 (S. H. Kim et al., 2019), etc.), and (ii) most of these studies analyzed the in�uence of 10 mg/m3 increase of PM,
whereas we analyzed the number of visits according to the presence of a pollution peak (i.e., above prede�ned o�cial French thresholds for de�ning a risk
to human). Thus, our study using another design (lag 7 days, and binary peak variable according to air pollution thresholds) con�rms the in�uence of air
pollution on psychotic episode and exacerbation. Another strength of our analyzes is the fact that they were adjusted for daily temperature, daily relative
humidity and daily sunshine (with for instance a negative association between the daily temperature and the number of admissions for unipolar depressive
disorders, which is consistent with literature (Wortzel et al., 2019)). The fact that annual correlation analyzes suggest these associations show that PM air
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pollution could also have a cumulative effect. However, multivariable analyses are necessary concerning this issue (that were not possible in the present
study, because of statistical powerful issue, as N = 11 in the present study). 

Results concerning unipolar depressive disorders were similar to psychotic disorders, with a signi�cant positive association between number of daily
emergency visits and PM10 peak. Consistently, in their systematic review focusing on the psychiatric consequences of exposures of PM, Braithwaite et al.
(Braithwaite et al., 2019) found that short-term increases in PM exposures appeared to be globally positively associated with emergency department visits
for depression in seven studies. To our knowledge, only one study analyzed hospital admissions according to similar PM thresholds (25 µg/m3 for PM2.5

vs. 20 in the current study, and 50 µg/m3 for PM10 in both studies) and found signi�cant positive associations with both schizophrenia and depression
(fraction of hospital admission for depression attributable to exceeding PM2.5 threshold: 12.07 %, 95 % CI [0.10-21.81], PM10: 6.10 %, 95% CI
[1.40%-10.32%]) (Qiu et al., 2019). Finally, in our analyses, the negative association between PM2.5 peak and the number of emergency visits for unipolar
depressive disorders was inconsistent with the hypothesis of a negative effect of PM peak on depressive disorders. However, this negative association was
not con�rmed in the multivariable analyses, and could be related to confounding factors, for instance according to the weather, that is known to have a
signi�cant impact on the mood disorders (Pierre A. Geoffroy et al., 2017; Pierre Alexis Geoffroy, Bellivier, Scott, & Etain, 2014). Correlation analyses per
quarter, that showed differences of the associations between PM2.5 peak and the number of emergency visits for unipolar depressive disorders according to
the quarter, are consistent with this hypothesis.  

Association between PM peak and bipolar disorders had never been studied and thus could not be compared to precedent studies, but the absence of any
signi�cant variations is still surprising, particularly regarding the fact that they share some (environmental or genetic) risk factors and pathophysiology with
psychotic disorders (Bellivier et al., 2013; Demjaha, MacCabe, & Murray, 2012; Pignon, Geoffroy, Thomas, Roelandt, & Amad, 2019) and unipolar depressive
disorders (Arango et al., 2021). 

Pathophysiological considerations
Several pathophysiological hypotheses have been made to explain the role of PM pollution in the etiology and the severity of psychiatric disorders. The
central nervous system (CNS) may be affected by in�ammatory and oxidative processes – particularly due to increased levels of in�ammatory cytokines
(Block & Calderón-Garcidueñas, 2009; Buoli et al., 2018), that have been considered as causal mechanisms of psychiatric disorders (Howes & McCutcheon,
2017; Leboyer et al., 2012, 2016; Müller, 2018). Increased stress cortisol production and hypothalamo-pituitary-adrenal axis (HPA) dysregulation – which are
also involved in psychiatric disorders etiology (Cherian, Schatzberg, & Keller, 2019; Zorn et al., 2017) – may also play a role (Li et al., 2017; Miller, Gillette,
Kircanski, LeMoult, & Gotlib, 2020). A body of evidence are in favor of white matter, cortical gray matter, basal ganglia and global blood vessels pollution-
related damages (de Prado Bert, Mercader, Pujol, Sunyer, & Mortamais, 2018). Relatively, PM may also affect cognitive development (Zhang et al., 2018), or
whole psychological well-being (Nakao et al., 2017; Orru, Orru, Maasikmets, Hendrikson, & Ainsaar, 2016). Of note, these alterations may re�ect more chronic
than acute (e.g., recent PM peak) exposure. Research remains to be done on the speci�c pathways and neurobiological impact of the PM short and long-
term exposures, and its relationships with speci�c psychiatric disorders, such as mood and psychotic disorders, that have speci�c pathophysiology. This
research could address the issue of the observed differences in the associations between air pollution and different psychiatric disorders. 

Strengths and limitations
The major strengths of this study are the long duration of the data, the ecological design, and the adjustment on weather variables. Moreover, contrary to
precedent similar studies (Duan et al., 2018; Gao et al., 2017), we did not use a large number of statistical analyses. However, several limitations should be
acknowledged. First, individual factors related to mood or psychotic exacerbation, as stressful-life events, socioeconomic status, cannabis consumption, or
in�ammatory event and physical comorbidity, could not been analyzed. Second, the level of noise, or the level of green space frequentation, are in the same
situation (Engemann et al., 2020; Gascon et al., 2018). Moreover, indoor pollution, daily exposure to other air pollutants (as nitrogen dioxide or ozone)
automobile tra�c, or tobacco use, that may have a large impact on the level of PM exposure, could also not been analyzed. Third, in the analyses, as the
data was anonymous, we could not remove the duplicate. 

Conclusions
For the �rst time in France, this study analyzed the relationships between recent exposure to PM air pollution peak and emergency departments visits for
psychotic, and unipolar and bipolar mood disorders. Multivariable analyzes show a signi�cant association between PM10 and PM2.5 air pollution peak and
the daily number of visits for psychotic disorders, and between PM10 air pollution peak and the daily number of visits for unipolar depressive disorders.
These analyzes were con�rmed by a signi�cant correlation between the annual number of PM2.5 air pollution peak and the number of visits for psychotic
disorders. Other studies – especially prospective – are necessary to understand the relationships between air pollution (including PM or other air pollutants,
as nitrogen dioxide) and the severity and the course of psychiatric disorders.
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Tables
Table 1. Number of emergency room visits for psychotic and mood disorders from 2008 to 2018, and characteristics of patients

  N (%) or Mean (standard-deviation)

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

Unipolar depressive disorders

Bipolar disorders

1.92 (1.4)

2.54 (1.6)

0.70 (0.8)

Sex (Female) Psychotic disorders

Unipolar depressive disorders

Bipolar disorders

2,838 (36.9 %)

6,572 (64.4 %)

1,706 (60.6 %)

Age (years) Psychotic disorders                            

Bipolar disorders

Unipolar depressive disorders

40.11 (11)

44.61 (14.7)

46.11 (12.5)

Table 2. Weather characteristics (mean) of days with and without PM2.5 and PM10 peak1 pollution between 2008 and 2018.
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Daily temperature (°C)                 PM2.5 peak days

                                                         PM10 peak days

                                                         Without PM2.5 days

                                                         Without PM10 days

9.8

7.4

15.5

13.3

Daily relative humidity (%)         PM2.5 peak days

                                                         PM10 peak days

                                                         Without PM2.5 days

                                                         Without PM10 days

77.7

77.5

71.9

74.7

Daily time of sunshine (min)           PM2.5 peak days

                                                         PM10 peak days

                                                         Without PM2.5 days

                                                         Without PM10 days

259.5

256.3

343.7

305.5

Table 3. Daily number of emergency visits for psychotic disorders according to the presence of PM2.5 or PM10 peak

  Psychotic disorders Unipolar depressive disorders Bipolar disorders

PM2.5
peak
days1

No
PM2.5
peak
day

PM10
peak
days

No
PM10
peak
day

PM2.5
peak
days

No
PM2.5
peak
day

PM10
peak
days

No
PM10
peak
day

PM2.5
peak
days

No
PM2.5
peak
day

PM10
peak
days

No
PM10
peak
day

Total number of
visits

4,601 3,113 1,612 6,102 6,082 4,118 2,154 8,046 1,629 1,184 548 2,265

Proportion (%) 59.6 40.4 20.9 79.1 59.6 40.4 21.1 78.9 57.9 42.1 19.5 80.5

Mean daily
number of
consultations

1.95 1.87 2.00   1.90 2.58 2.48 2.68 2.51 0.71 0.69 0.71 0.68

Standard-
deviation

1.4 1.4 1.4 1.4 1.7 1.7 1.7 1.7 0.9 0.8 0.8 0.8

Table 4. Relationships between the daily number of emergency visits for psychotic and mood disorders and the presence of an PM2.5 and/or PM10 air
pollution peak
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  Univariate analysis Multivariable
analyses concerning PM10

Multivariable
analyses concerning PM2.5

Multivariable
analyses concerning only
PM2.5

1

b 95 % CI p-
value

b 95 % CI p-
value

b 95 % CI p-
value

b 95 % CI p-
value

Psychotic disorders

PM10 0.052 -0.00283-
0.10695

0.062 0.06433 0.00036 –
 0.12773

0.048 - - - - - -

PM2.5 0.0415 -0.00385-
0.08712

0.073       0.06592 0.01332 –
 0.11858

0.014 0.02001 -0.02941 –
 0.06924

0.427

Daily
temperature

0.0024 -0.00095-
0.00577

0.160 0.00427 -0.00021 –
 0.00877

0.062 0.00473 0.00024 –
 0.00923

0.039 0.00272 -0.00144 –
 0.00691

0.201

Daily
relative
humidity

-0.0010 -0.00274-
0.00084

0.299 -0.00009 -0.00322 –
 0.00306

0.956 -0.00055 -0.00367 –
 0.00259

0.731 -0.00051 -0.00366 –
 0.00265

0.750

Daily time
of sunshine

0.0001 -0.00004-
0.00015

0.231 0.00001 -0.00014 –
 0.00016

0.893 -0.00000 -0.00015 –
 0.00015

0.999 0.00001 -0.00014 –
 0.00016

0.913

Unipolar depressive disorders

PM10 0.0409 0.01788-
0.11298

0.007 0.0594 0.0042 –
 0.1142

0.034 - - - - - -

PM2.5 -0.0034 0.00134-
0.08045

0.043 - - - 0.0205 -0.0255 –
 0.0665

0.382 -0.0180 -0.0612 –
 0.0251

0.413

Daily
temperature

-0.0011 -0.00633-
-0.00049

0.022 -0.0022 -0.0061 –
 0.0017

0.269 -0.0031 -0.0070 –
 0.0008

0.120 -0.0039 -0.0075 –
 -0.0003

0.035

Daily
relative
humidity

0.0005 -0.00104-
0.00209

0.513 0.0007 -0.0020 –
 0.0035

0.609 0.0004 -0.0023 –
 0.0031

0.776 0.0006 -0.0022 –
 0.0033

0.680

Daily time
of sunshine

0.0000 -0.00007-
0.00009

0.762 0.0001 -0.0001 –
 0.0002

0.268 0.0001 -0.0001 –
 0.0002

0.284 0.0001 -0.0001 –
 0.0002

0.244

Bipolar disorders

PM10 -0.0356 -0.12977-
0.05688

0.455 -0.0081 -0.1144 –
 0.0965

0.880 - - - - - -

PM2.5 -0.0301 -0.10476-
0.04495

0.431 - - - -0.0192 -0.1052 –
 0.0670

0.662 -0.0122 -0.0935 –
 0.0686

0.769

Daily
temperature

0.0016 -0.00394-
0.00719

0.568 -0.0013 -0.0086 –
 0.0060

0.724 -0.0017 -0.0091 –
 0.0056

0.643 -0.0012 -0.0080 –
 0.0056

0.732

Daily
relative
humidity

-0.0018 -0.00475-
0.00116

0.233 0.0001 -0.0050 –
 0.0053

0.960 0.0002 -0.0049 –
 0.0054

0.934 0.0003 -0.0049 –
 0.0054

0.924

Daily time
of sunshine

0.0001 -0.00005-
0.00025

0.173 0.0001 -0.0001 –
 0.0004

0.315 0.0001 -0.0001 –
 0.0004

0.304 0.0001 -0.0001 –
 0.0004

0.309

Legends:

Abbreviations: PM2.5 and PM10: Particulate matter less than 2.5 and 10 micrometers.

1PM2.5 pollution peak without PM10 pollution peak.

Figures
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Figure 1

Scatter plots of annual number of emergency visits (y) and number of PM2.5 pollution peak days (x)
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