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Abstract
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Introduction / Background: Converging results has suggested a link between increased
exposure to air pollution and acute exacerbation of mental disorders such as depression,
substance abuse, psychotic disorders and even suicide. However, what happens to this
association during a large societal change such as the COVID-19 pandemic, remains

unknown.

Aim(s) / Objective(s): The aim of this study is to investigate the association between
increased levels of particulate matter (PM) and number of visits to a psychiatric emergency
department before and during the COVID-19 pandemic. Further, this study aims to identify if
there are any specific risk groups who are more susceptible to the effects of air pollution by

studying sex, age, and outpatient status.

Methods: Data on number of visits to the psychiatric emergency unit at Sahlgrenska
University Hospital in Gothenburg was provided by hospital administration and compared to
daily levels of PM1o and PM2s. The data was analyzed statistically using a time-stratified

case-crossover design.

Results: A significant association between exposure to PMio and PM> 5 and increasing
number of visits to the psychiatric emergency department could be seen during the control
period for day 0-1 post exposure for females and for patients with ongoing outpatient contact.
Remaining results in this study did not reach statistical significance. However, a positive

association could be seen numerically for several of the analyses. For males, the age groups



18-24 and >65 years and individuals without ongoing psychiatric outpatient contact, this

association seemed to increase during the pandemic.

Conclusion(s) / Implication(s): Although not significant, several of the analyses indicate that
there might be a positive association between increased levels of air pollution and number of
visits to the psychiatric emergency department, and that this association changed during the
pandemic. Additional studies on a larger population and for a longer period are needed to
further explore how the pandemic has affected the suggested relationship between increased

air pollution and mental illness.

Pandemic
(COVID-19)

N

Mental health
Jenny Olsson

Figure 1. Schematic illustration of the suggested associations between air pollution, the COVID-19 pandemic and mental
health.



Introduction

The global magnitude of mental illness is immense. Even though commonly highlighted by
studies on the global burden of disease, research suggests that the overall burden of mental
health problems remain underestimated. Psychiatric disorders and mental distress may severely
influence individuals’ life quality, potential and ability to contribute to society, and are

important factors affecting our well-being (1).

Convergent evidence indicates possible associations between peoples’ mental health and outer
factors, such as environmental pollution and pandemics (like the ongoing Coronavirus disease
2019 (COVID-19) one). Recent research prior to the COVID-19 outbreak suggests a link
between air pollution exposure and acute exacerbation of mental disorders, consequently
leading to an increased number of visits to psychiatric emergency departments. However, how
this association is affected by a large societal change that uncovers fragilities and weaknesses

of our societal system, such as the COVID-19 pandemic, remains unknown.

Additional studies on the interactions between external environmental phenomena and mental
illness may contribute to an extend our knowledge about psychiatric well-being, and further
emphasize the need for global interventions to reduce environmental pollution and prevent
pandemics (2). This study focuses on the association between exposure to air pollution and

acute exacerbation of mental distress, with COVID-19 as a potential confounder.

Acute psychiatry

In recent decades, there has been an increased acknowledgement of the importance of mental
health for human wellbeing and global development. Globally, it is estimated that about 1 in 5
people have a mental health condition. People with severe mental health illness die prematurely,
and suicide is the second leading cause of death among 15-29-year-olds (3). The World Health
Organization (WHO) includes mental health in the Sustainable Development Goals as part of
Goal number 3, Good Health and Well-being (4). Despite progress in the understanding of
psychiatric illness, people with acute mental health conditions often experience stigma and
discrimination. Increased investment and research is required to increase our knowledge about

mental illness, reduce stigmas and increase the access to quality mental health care (5).



Acute psychiatric care in Sweden

The Swedish National Board of Health and Welfare estimates that about 7-8% of Swedish 16-
84-year-olds suffered from severe mental distress 2020 (6). In 2020, the total number of visits
to psychiatric emergency departments in Sweden was 123.986, a decrease with 9.8% compared

to 2019 when the number of total visits was 137.504 (7).

Psychiatric illness is more common among women than men in Sweden, and women are in
contact with psychiatric care to a greater extent compared to men. Immigrants and refugees in
Sweden suffer to a greater extent from mental illness, especially depression, sleep-related
disorders, post-traumatic stress disorder, and suicidality. However, immigrants are less likely
to seek acute psychiatric care (relatively to the proportion of individuals seeking psychiatric
emergency units), possibly due to lack of knowledge regarding procedures, language

difficulties or lack of faith in the healthcare system. (8)

External factors affecting mental health

Increasing evidence shows that external factors such as climate change, environmental pollution
and pandemics have a negative effect on mental health. Suggested pathophysiological
mechanisms include changes in the central nervous system (CNS) due to inflammatory
processes, activation of the immune system, oxidative stress, damage to blood vessels and
dysfunctions of neurotransmitters (9-12). Since the environment and human beings are
complicated systems interacting in complex ways, it is difficult to establish a specific cause-
effect relationship of these phenomena on mental health (13). Still, it seems that these naturally
occurring events have similar consequences on individuals as well as collectivity regarding both

health and socio-economic aspects (2).

Air pollution and mental health

Air pollution is one of the most common causes of morbidity and mortality in the world. In
2010, ambient particulate matter (PM) was considered the ninth leading risk factor to the global
burden of disease (14). About 91% of the world’s population live in places where the air quality

exceed WHO limits, and low- and middle- income countries experience the highest burden (15).



A wealth of research has presented evidence of the negative effects of air pollution on somatic
well-being. Air pollution has been linked to several different type of somatic diseases, including
respiratory diseases (16) such as asthma (17), respiratory infections (18), lung cancer (19) and
chronic obstructive pulmonary disease (20), as well as cardiovascular diseases such as ischemic

heart disease and stroke (21, 22).

Air pollution defined

Air pollution is defined as a mixture of ambient particles, gases, organic compounds and metals.
The term PM is used to describe liquid or solid airborne particles, where the most widely studied
pollutants are PM» s and PMio. PM is categorized according to their aerodynamic diameter,
where PM> s includes particles smaller than 2,5 micrometers and PMio include particles smaller
than 10 micrometers (23). The main source of PM emissions in cities is motor vehicles,
contributing to more than 50% of total PM emissions (24). Other sources of PM emissions

include biomass burning and industrial activities (25).

Acute effects of air pollution on mental health

In addition to its effects on somatic health, multiple studies have now shown that air pollution
affects people’s mental health negatively as well. Converging data based on self-reported
measures reveals that air pollution decreases people’s subjective experienced physiological
health and life satisfaction (26). Associations between air pollution and increased annoyance
and anxiety has been shown, as well as more severe psychiatric disorders such as depression
(27), schizophrenia (28) and autism (29). Other studies indicates that air pollution may be a risk
factor for substance abuse (30), non-suicidal self-harm (31) and suicide (32). Chronically, air
pollution has even been shown to have a negative effect on cognitive function such as attention,

memory, visuo-construction and verbal intelligence (33).

Another environmental factor contributing to mental distress is cigarette smoking. Studies has
shown that cigarette smoking is associated to major depression, depressive symptoms and
anxiety (34, 35), and that adults with any type of mental illness are more likely to have smoked

than those with no mental illness (36).

A way of measuring the acute effects of air pollution on mental health is to compare fluctuations

the number of visits to psychiatric emergency units, in this study referred to as psychiatric
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emergency room visits (PEVs), with levels of environmental pollution. Converging results
indicates that an increase in air pollutants is associated with a significant increase in PEVs, and
the strongest evidence seems to be found for the association between the pollutants PM> s and
PMio and PEVs. (37). This association seems to apply to all types of psychiatric conditions,

including mood-related disorders, psychotic disorders (37), and substance use (30).

An epidemiological study on the acute effects of ambient air particle concentrations on mental
health was performed at SUH, Gothenburg, in 2018. Daily monitored data on PMo, ozone (O3)
and nitrogen dioxides (NO) were compared with PEVs using a case-crossover design. The
results showed that visits increased with increasing levels of PMo during the warmer season in
Sweden, implying that air pollution either exacerbates underlying psychiatric disorders or

increases mental distress (38).

A similar study was performed at SUH in 2021, with focus on identifying risk groups
susceptible to the acute psychological effects of air pollution. This study showed that exposure
to PM o and PM2 s may trigger acute exacerbating in mental health problems, results that aligned
with the ones from the study achieved in 2018. The association applied for both males and
females, with the distinction that females seemed to seek psychiatric care within the first days
following air pollution exposure while males tended to seek a few days post exposure. A
significant correlation between air pollution and acute exacerbation of mental illness could be
seen among the age group 35-65 years, but not among individuals above 65 years old.
Regarding outpatient status, it was noted that individuals with ongoing outpatient care tended
to seek care in the first few days after exposure while those without ongoing outpatient contact

care tended to seek care a few days after being exposed (39).

Pathophysiology

Several different pathophysiological pathways aiming to explain the correlation between air
pollution and mental health has been proposed. One theory is based on the thought that air
pollution leads to an accumulation of proinflammatory cytokines such AB42 and a-synuclein,
triggering neuroinflammation by causing an innate immune response in the brain (40). Another
study conducted on mice proposes that exposure to airborne particulate matter leads to elevation
of proinflammatory cytokines TNFa and IL1p, causing a decreased dendritic spine density and
dendritic branching in regions of the hippocampus (41). Further studies indicates that the effects

of air pollution on the brain is due to an activation of the immune system in other parts of the
10



body, causing inflammatory mediators to circulate in the blood system and penetrating the brain

tissue through the blood-brain barrier (42, 43).

Another theory suggests that the effects of air pollution on human behavior and well-being
could be due to an increased stimulation of hormones rather than an activation of the immune
system. This change in the hormonal balance is thought to be linked to activation of the
hypothalamic-pituitary-adrenal axis, causing increased levels of glucocorticoid corticosterone
and adrenocorticotropic hormone in plasma (44). An association between activation of the

hypothalamic-pituitary-adrenal axis and depressive behavior has been shown in several studies

(45).

Additionally, research has shown that fine particulate matter such as air pollution causes cell
cycle arrest and apoptosis among neurons and inhibits cell proliferation (46). The disruption of
the cell cycle can be linked to degeneration of brain tissue (47). Further, air pollution has been
shown to trigger oxidative stress and hydromethylation of DNA causing neurotoxicity, which

has been linked to mental illness (46).

COVID-19 and mental health

The COVID-19 pandemic

As a newly emerged subtype, the highly pathogenic Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) was first noted in November 2019 (48). The SARS-CoV-2
infection is transmitted by aerosols and/or droplets generated by sneezing and dry coughing by
the infected individual, and causes the serious disease known as COVID-19 (49, 50). The
clinical manifestations of COVID-19 are similar to other viral illnesses, and common symptoms
include fever, dry coughing, shortness of breath and fatigue (51). Elderly (>60 years) and those
with underlying medical conditions like hypertension, diabetes, obesity, malignancy, liver
disease, or chronic respiratory or cardiovascular disease are at the highest risk of severe and

critical disease (52).

SARS-CoV-2 was first noted in November 2019 in Wuhan, China. The WHO reported the first
case of COVID-19 on December 31, 2019, and the virus outbreak was declared a global
pandemic on March 11, 2020 (53). In May 2020, a total of almost 6.000.000 positive cases were
registered globally, including over 360.000 death cases (52). As of September 2, 2021, the

11



WHO has announced that over 217.000.000 people have been diagnosed with COVID-19 and
about 4.500.000 death cases has been caused by the disease (54).

Acute effects of COVID-19 on mental health

The rapid evolvement of the COVID-19 pandemic led to drastic alterations in people’s
everyday lives in multiple ways, including social life, work situation and private economy. The
mass lockdowns and economic recessions, along with the fear and uncertainties associated with
the virus outbreak, were predicted to lead to an increase in mental illness and number of suicides
(55). Several studies described an increase in mental distress among the general population, as
well as in health care workers (56). The prevalence of depressive symptoms was reported to
increase significantly (57-59), as well as anxiety symptoms (60-62). Regarding symptoms of
post-traumatic stress syndrome, the results in different studies varied remarkably from similar

prevalence rates (63) to a notable increase during the pandemic (64).

Despite all the data pointing out COVID-19 has had a negative effect on the mental health of
the population, reports from hospitals around the world shows a decrease in the number of PEVs
(65-71). Additionally, studies report a similar decrease in psychiatric admissions to inpatient
care during the pandemic (69, 72, 73). The underlying mechanisms explaining the decreased
rates remain widely unknown, but it has been suggested that limitations in mobility and physical
distancing due to fear of infection may have affected in which extent people seek acute

psychiatric care (74).

Contradictory to the earlier predictions that mental illness would increase during the COVID-
19 pandemic, another explanation to the decreasing number of visits to acute psychiatry
departments could be that psychological distress in general has not escalated during the
pandemic. Resent reports from The Public Health Agency of Sweden shows a decrease in the
number of people seeking acute psychiatric care due to anxiety, symptoms of depression and

stress, and fewer suicides in Sweden during the pandemic (75).
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Air pollution during COVID-19

In addition to its health-related and economic consequences, the lockdown during the COVID-
19 pandemic has had a notable impact on the environment (76). In spring and summer 2020,
when the disease was declared a global pandemic, governments around the world introduced
lockdown restrictions to ensure the safety of their citizens. Social distancing became a new

norm, and people were urged to avoid international travel (77).

These type of measures were initiated to limit the exposure of COVID-19, and as a consequence
reduced transportation, businesses, and industrial shutdowns led to a significant drop in
greenhouse gas emissions (78). Air quality improved significantly, mainly because of the lower
emissions of air pollutions such as carbon monoxide, nitrous oxide and carbon dioxide in
industrial economies. Especially in countries with severe air pollution, such as China and India,
it has been shown that the lockdown restrictions during COVID-19 led to a reduced
environmental pollution. Most notable was the reduced concentrations of NO; and PMa s, the

main pollutants related to traffic (79, 80).

In summary, increasing evidence indicates that air pollution has a notable impact on our mental
health. However, there is a lack of studies looking at this relationship during larger societal
changes, such as a global pandemic. Given the extensive consequences of both air pollution,
the COVID-19 pandemic and mental illness, further studies investigating the associations
between these are induced in order to broaden our knowledge about mental health and how to

prevent psychiatric illness.

Highlighting the mental consequences of air pollution and pandemics can contribute to
understanding the importance of global interventions to reduce climate change and air pollution,
and to prevent pandemics. This study mainly focuses on how variations in air pollution levels
affects physiological well-being, and if the earlier shown association between air pollution

exposure and increased PEVs has remained during the COVID-19 pandemic.
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Aim
This study aims to investigate the association between air pollution exposure and acute

exacerbation of mental distress, with the COVID-19 pandemic as a confounding factor. More

specifically, this study aims to answer the question:

“Can the association between fluctuations in concentrations of air pollution and daily visits to
the psychiatric emergency unit at Sahlgrenska University Hospital still be seen during the

COVID-19 pandemic?”

Based on this research question, the null-hypothesis hence is that there has not been any change

in the association between PM and PEV during the COVID-19 pandemic.

Furthermore, this study aims to compare the effects of air pollution on mental health among
different subgroups by studying the sex, age and whether there is an ongoing outpatient contact

with the psychiatric health care or not.

14



Material and Methods

Study design
This is an administrative register-based epidemiological study on the association between PEV's

and air pollution levels, statistically analyzed using a time-stratified case-crossover design.

Two different time periods of higher COVID-19 infection rates were defined as the first wave
(10™ of Mars to 14™ of June 2020) and the second wave (26™ of October to 31° of December
2020). Data from these periods were compared with data from corresponding time periods in

previous years (2018-2019).

The chosen time periods were based on the evolution of the passage of events and public
recommendations during the pandemic. The first cases of COVID-19 in Sweden were reported
in February 2020, but it was not until the beginning of March 2020 that the Swedish
Government and the Public Health Agency of Sweden decided to introduce suggested
restrictions and more extensive information spreading. The virus outbreak was declared a global
pandemic on 11" of March 2020 (81). During the set time periods, the Public Health Agency

of Sweden recommended to “avoid all unnecessary visits to health care” (82).

Study settings

The SUH is one of the largest hospitals in the Northern Europe, serving an area of
approximately a million adult inhabitants in the Gothenburg area. The Psychiatric emergency
unit at the SUH is located at Ostra Sjukhuset, Gothenburg. As part of the public welfare, any
individual can seek acute psychiatric care here for a set fee, and psychiatric health care can be
accessed by any person with a mental health problem. The psychiatric emergency room is open
24-hours all days, including holidays. The SUH Psychiatric Emergency Unit is available for

anyone to visit, and you don’t necessarily have to go through primary care first.

Upon arriving to the psychiatric emergency unit, the patient is initially evaluated by a
psychiatric nurse, and then, if needed, by a psychiatrist. If necessary, acute psychiatric care is

offered. The patient may then be referred to further outpatient care, either by primary care or

15



by specialized psychiatric clinics. Patients with milder mental health problems are offered
psychosocial support or psychopharmacological treatment provided by general practitioners in
primary care. More severe cases of psychiatric illness, such as bipolar disease, schizophrenia
and major depressive disorder, are referred to specialist psychiatric care. If necessary, inpatient

psychiatric care is given (83).

Changes at the psychiatric unit during the COVID-19 pandemic

The COVID-19 pandemic caused an abrupt change in the Swedish healthcare system, and the
way psychiatric care services were provided changed drastically. Based on oral communication
with clinically active staff at SUH, the pandemic had an extensive impact on both the

psychiatric emergency room and inpatient care units as well as outpatient care.

At the psychiatric unit at Ostra Sjukhuset, patients seeking acute psychiatric care were referred
to a container outside the hospital building. Here, the patients were asked about any symptoms
of COVID-19, and their body temperature was measured before they were allowed into the
psychiatric emergency room. These arrangements were done in order to identify patients who
could be infected with the SARS-Cov-2 virus, to prevent spreading of COVID-19 within the
hospital.

Patients receiving inpatient care were not allowed to receive visitors except for exceptional
cases. All health care workers had to wear protective equipment consisting of face masks and
visors when interacting with patients, and some of the patient activity rooms were closed. A
separate unit was implemented to provide care specifically for psychiatric patients that were

simultaneously infected with COVID-19.

Data collection

PEYV data

Data on PEVs was provided by management at SUH. All registered visits to the psychiatric
emergency room by inhabitants in the Gothenburg area over 18 years of age was collected via
an electronic patient file system (ELVIS) and provided by the hospital administration. Patients

who were not registered in the in the city of Gothenburg were excluded from the study.

16



PEVs were measured as all visits registered by the staff at the psychiatric emergency unit, and
hence some things are important to note. The same patient could seek care at the psychiatric
emergency unit multiple time a day, and by the used measurement each occasion would count
as a visit. There is also a possibility that some individuals entering the psychiatric emergency
unit are not registered by the staff for some reason, either by mistake or, for example, if the

staff immediately redirects the patient to another part of the healthcare system.

Air pollution data
Daily data on PMioand PM; s levels are available to the public via the Swedish Meteorological
and Hydrological Institute (SMHI) website (https://datavardluft.smhi.se/portal/concentrations-

in-air). Exposure data for any day can be downloaded as one hour mean values in pg/m>. This
study uses measurements from the main station in Gothenburg, “Femman Huset”, located in a
central urban part of the city (Figure 2). All available measurements during the set time period
were gathered. The data was aggregated into 24-hour values for each day from midnight to
midnight, and then the mean value for each day was calculated. Days where measurement was

missing for 25% of hours or more were excluded from the study.

Migry

[;_T;]
Gothewourg

T 0| a0
[ Maolnly
_1-<MdlIndal

ot

Figure 2. Map of the study area, Gothenburg Municipality. The locations of the air pollution measuring station (M) and the
SUH psychiatric emergency unit (P) are indicated (Google Maps).
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Statistical methods

The data were analyzed using a Distributed Lag Non-linear Model (DLNM) with a time-
stratified case-crossover design. A distributed lag model was fitted so that effects seen on the
day of the event (i.e., increased levels of PMio and PM: 5) could be investigated, and delayed
effects could be observed in the following days. The time stratified case crossover design (84)
is a method where a day with a certain exposure, in this case PM air pollution, is considered a
case, and days within the same strata (same weekday, same month, same year), but have
lower PM levels are used as controls. The model inherently adjusts for weekday, a potential
confounding factor, as number of emergency visits tend to be lower during weekends. The
model also adjusts for annual fluctuations. In the final models, a quasipoisson distribution was
considered more appropriate to account more unequal variance across the outcome variable

distribution.

In the modelling procedure, a cross-basis was first specified, a function which allows for non-
linear, and differentiated effects across values of the exposure, and the lagged values up to

seven days. In this case, we fitted separate cross-bases for the control and covid-wave period.

The cross-bases were then introduced into separate Poisson regression models along with an
indicator variable for covid-period and a variable indicating odd holidays. The model results
estimate the effect of PM on the number of visits across the time-stratified strata. Finally, the
model results were used to predict the relative risk (effect) associated with an increase in PM
by 10 units, including a 95% confidence interval in the control period and the covid-wave

respectively and these were plotted.

In the analysis, the study population was divided by different subgroups by sex, age and

outpatient status.

Student’s contribution

The background research and writing of the thesis paper has been conducted by the student.
The student has also, with guidance of the supervisors, compiled the provided data on daily
PEVs and PM. The student received help with the statistical analyzes from co-supervisor
Hanne Krage Carlsen. The results were evaluated and analyzed by the student together with

the supervisors.
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Results

Visits to the psychiatric emergency unit

The total number of PEVs for the control period was 27.779. For the total time period defined as
pandemic, including the first wave (10" of Mars 2020 to 14" of June 2020) and the second wave (26%
of October to 31% of December), there was a total of 4.105 PEVs. The mean value of daily registered
visits was 14.5 for the control period and 12.0 for the pandemic period, resulting in a decrease with

17.2% daily visits during the pandemic. Time series for daily counts of PEVs is plotted in figure 3.

Control period Pandemic period
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Figure 3. Daily visits to the SUH psychiatric emergency unit during the control period and the pandemic period.

In table 1, descriptive data with information about specific daily counts by sex, age and outpatient
status can be found. For both sexes, all age groups and both outpatient status categories, the number of
mean daily visits decreased during the pandemic compared to the control period. As the table shows,
the patients with no ongoing psychiatric outpatient contact showed most distinct decrease, with a

23.5% decrease in PEVs during the pandemic.
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Table 1. Descriptive statistics for daily number of visits to the psychiatric emergency unit for the different subgroups.

Control Pandemic p-value

(n =938 days) (n = 158 days)
Total <0.001
Mean (SD) 29.8 (6.7) 24.7 (6.6)
Range 12-50 11-41
Females <0.001
Mean (SD) 14.5 (4.3) 12.0 (4.1)
Range 3-28 2-26
Males <0.001
Mean (SD) 15.4 (4.3) 12.8 (4.0)
Range 3-31 4-25
Age: 18-24 years <0.001
Mean (SD) 4.7 (2.3) 3.7 (2.0)
Range 0-13 0-10
Age: 25-64 years <0.001
Mean (SD) 22.0 (5.5) 18.3 (5.3)
Range 6-45 7-35
Age: >65 years 0.001
Mean (SD) 32(1.9) 2.7 (1.6)
Range 0-9 0-8
Ongoing outpatient contact 0.011
Mean (SD) 12.7 (4.0) 11.7 (4.0)
Range 2-28 4-23
No ongoing outpatient <0.001
contact
Mean (SD) 17.0 (4.7) 13.0 (4.0)
Range 5-32 4-23

Air pollution data

In table 2, data on daily levels of PM;o and PM 5 during the control period and the pandemic period can
be seen, as well as on missed days and the highest and lowest measured values. The daily mean
concentration of PMjo was 12.8 during the control period, and 12.6 during the pandemic period.
Corresponding values for PM» s was 6.8 during the control period and 6.2 during the pandemic period.
In figure 4, daily mean values of PM;o and PM, s from the control period and the pandemic period are

plotted according to day of the year.

Table 2. Descriptive statistics for daily concentrations of PM 9 and PM: 5.

Control Pandemic p-value

PMio 0.677
Mean (SD) 12.8 12.6

Range 1.5-74.7 2.8-36.8

Days missed 44 3 0.758
PM:;s 0.125
Mean (SD) 6.8 6.2

Range 0.7-35.0 0.6-25.0

Days missed 44 3 0.758
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Figure 4. Time series plots for the daily mean concentrations of air pollutants PM10 and PMz.5 during 2018-2020, plotted as
7-day moving average by day-of-year. Control period is marked as black and COVID waves are marked as red.

PEVs correlated to air pollution

In figure 5, the total number of daily PEVs is plotted against measured levels of PMo and PM, s for the
same day, for both the control period and the pandemic period. From unadjusted regression analysis,
the estimated association between same-day values of PMs and PEV was 0.019 (p=0.904) during the
pandemic, and 0.022 (p=0.665) during the control period. The estimates for PM,o were 0.029
(p=0.756) during the pandemic and 0.058 (p=0.010) during the control period.
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Figure 5. Total daily visits to the psychiatric emergency room during the control period and the pandemic period, plotted
against measured levels of PM 9 and PM>.s with a best-fit line.

Total visits at the emergency unit
For the total count of PEVs, no statistically significant correlation between higher levels of PM; and

PM: s and an increased risk of seeking acute psychiatric care could be seen. The results in figure 6
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presents the total relative risk of seeking the psychiatric emergency unit with every 10 pg/m? increase

in PM;9 and PM> s on the same day and 1-7 days lagged exposures.
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Figure 6. Total relative risk of seeking the psychiatric emergency unit with every 10 ug/m?® increase in PMi0 and PM>.5 on the
same day as well as on 1-7 days lagged exposures, with a 95% confidence interval. Control period: black, pandemic period:

red.

Results by sex

In figure 7 and 8, the relative risk of females and males seeking acute psychiatric care when exposed to

increasing air pollution levels can be seen.

For females, a significant correlation could be seen day 1 after exposure for both PM ;9 and PM; s for the

control period. For the pandemic period, there was no significant correlation for any lag.
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Figure 7. Relative risk of females seeking the psychiatric emergency unit with every 10 ug/m’ increase in PM1o and PM2.5 on
the same day as well as on 1-7 days lagged exposures, with a 95% confidence interval. Control period: black, pandemic

period: red.

23



For males, no significant correlation could be seen for either PM;o and PM; s for both the control period

and the pandemic period.
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Figure 8. Relative risk of males seeking the psychiatric emergency unit with every 10 ug/m’ increase in PM1o and PM2.5 on
the same day as well as on 1-7 days lagged exposures, with a 95% confidence interval. Control period: black, pandemic

period.: red.

Results by age

The relative risk of seeking acute psychiatric care when exposed to increased levels of air pollution for
individuals aged 18-24, 25-64 and >65 years care can be seen in figure 9-11. No significant correlation
could be seen for PM ¢ and PM s for any of the age groups, for the control period as well as the

pandemic period.
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Figure 9. Relative risk of seeking the psychiatric emergency unit with every 10 ug/m® increase in PMio and PM>.5 on the

same day as well as on 1-7 days lagged exposures, for ages 18-24, with a 95% confidence interval. Control period: black,

pandemic period: red.
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Figure 10. Relative risk of seeking the psychiatric emergency unit with every 10 ug/m® increase in PMio and PM>.5 on the

same day as well as on 1-7 days lagged exposures, for ages 25-64, with a 95% confidence interval. Control period: black,

pandemic period: red.
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Figure 11. Relative risk of seeking the psychiatric emergency unit with every 10 ug/m? increase in PM19 and PM>.5 on the
same day as well as on 1-7 days lagged exposures for patients >65 years, with a 95% confidence interval. Control period.:

black, pandemic period: red.

Results by outpatient status
Patients with ongoing psychiatric outpatient contact showed a significant association on early lags for
both PM ¢ and PM; s during the control period, as can be seen in figure 12. For the pandemic period, no

significant correlation could be seen for either PM o or PM,3s.
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Figure 12. Relative risk of individuals with ongoing outpatient psychiatric contact seeking the psychiatric emergency unit
with every 10 ug/m? increase in PM 1o and PM2.5 on the same day as well as on 1-7 days lagged exposures, with a 95%

confidence interval. Control period: black, pandemic period: red.

As can be seen in figure 13, no significant correlation could be seen for either PM; or PM> 5 for

patients without ongoing psychiatric outpatient contact.
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Figure 13. Relative risk of individuals without ongoing outpatient psychiatric contact seeking the psychiatric emergency unit
with every 10 ug/m? increase in PM 1o and PM:2.5 on the same day as well as on 1-7 days lagged exposures, with a 95%

confidence interval. Control period: black, pandemic period: red.
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Discussion

Except for the significant association seen for day 0-1 post exposure for females and patients
with ongoing psychiatric outpatient care during the control period, the analyses in this study
did not reach significance. However, majority of the results implied that a positive relation
might exist, with varying distinctness among the different subgroups. These findings may
support the hypotheses from existing studies within the same area, suggesting that air pollution
exposure could cause an acute exacerbation of mental distress (38, 39). Since none of the results
for the pandemic period were significant, no sure conclusion can be drawn concerning if the
association between air pollution av PEVs changed during the pandemic. Hence, it is important

to bear in mind that all discussions regarding this are highly speculative.

For the total visits, no distinct change in seeking pattern correlated to air pollution levels could
be seen during the pandemic. When studying the specific subgroups however, variations could
be seen in the possible association for some of the categories. For example, the association for
females and patients with ongoing outpatient psychiatric contact seemed to rather go down than
up. For other subgroups, like the age groups 18-24 and >65 years and patients without ongoing
outpatient psychiatric contact, the association appeared to increase during the pandemic period.

The results for each subgroup are discussed more thoroughly in the paragraphs below.

Air pollution and sex

Previous studies evaluating the harmful consequences of increased air pollution rates has
reported that females seem to be more susceptible to the effects of air pollution exposure
compared to males (85-91). However, a study performed by Muhsin et al. at SUH, Gothenburg,
earlier in 2021 reported that both sexes had a significantly higher risk of seeking acute
psychiatric care when exposed to higher concentrations of air pollution with similar risk
estimates (39). The fact that ambient particles have a greater deposition in females compared
to men has been discussed a possible explanation to females being more susceptible to air
pollution than males (92). Another suggested explanation is that females have smaller airways
and slightly greater airway reactivity than males, why dose-response relations may be easier

detected in females (93).
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This study has been unable to demonstrate a significant correlation between air pollution
exposure and acute exacerbation of mental distress among both males and females for the
pandemic period. Still, a positive association can be seen in the early lags for both sexes,
especially for PMas. Even if not statistically significant in this study, one can still argue that

these results reflect the trends seen in earlier reports.

In contrast to earlier findings, however, the association to both PM> s and PMio seemed to be
more distinct among males than females. Since this difference has not been found elsewhere,
and since the results in this study has not shown significance, caution must be applied when
interpreting these findings. Additional studies with a larger sample size are needed in order to
further investigate possible gender-based differences in vulnerability to air pollution in this

geographical area.

Mubhsin et al. (2021) reports in their study that females seemed to seek psychiatric care within
the first days after air pollution exposure, while males tended to seek help a few days after
exposure. In contrast to this, this study found no obvious difference in lagging in the seek

pattern between the sexes.

When comparing the association between air pollution and PEVs before and during the
COVID-19 pandemic, the seeking pattern seemed to remain consistent for both males and
females. Based on figure 7 and 8, the association on females seem to have been less during the
pandemic for PMo and not very dramatically changed for PM2s. For males, the association

rather increased during the pandemic, similarly for both PMioand PM; s.

These results need to be interpreted with caution since they are not significant, but one can still
speculate in why the numerical results suggests that the association for females seemed to
reduce while the associations for males tended towards not being changed. There is an infinite
number of possible explanations to this, but one participating factor could be that women due
to traditional gender roles stayed at home taking care of the home, children and sick relatives
to a greater extent than men during the pandemic (94), and therefore were less exposed to

ambient air pollution.
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Air pollution and age

Several previous studies have reported that elderly (>65 years) seem to be more susceptible to
the effects of air pollution on somatic and mental health compared to younger age groups (85,
86, 95-98). One suggested theory to explain this is that there are differences in pharmacokinetics
between older and younger adults, and that older people often have an increased particle
deposition in their airways due to age-related and pathological changes in the respiratory system
(99). Another explanation could be that older people have a decreased capacity of compensating

for the negative effects of environmental pollutants on their bodies (100).

In contrast to the earlier reports, Muhsin et al. (2021) only found a significant correlation
between exposure to air pollution and increased visits to the psychiatric emergency among 35-
65 years old. No significant association could be seen for individuals above the age of 65.
However, this study points out that this could be due to a type 2 error, considering the

particularly low number of visits to the psychiatric emergency department for that specific age

group.

In this study, no significant correlation could be seen for any of the age groups. However, some
differences in trends could be noted. For individuals aged 18-24 years, a positive association
could be seen for the earlier lags for both PMig and PM> 5, with similar numerical values for
both the control period and the pandemic period. Contrary to what was described by Mushin et
al. (2021), no obvious positive association was found in this study for the age group 25-64, for
either period. For individuals >65 years however, a positive trend in the association could be
seen on lag 2-4 for both PM;jo and PM;s. This association seemed to increase numerically

during the pandemic period, especially for PMa 5.

Apart from the physiological differences, the amount of air pollution exposure could explain
the difference in risk during the pandemic. It has been shown that older people spend more
time outdoors, increasing the time they are exposed to ambient particles in the air (101, 102).
It is possible that elderly, bound by stricter social restrictions during the pandemic, spent even
more taking walks and being outdoors. This, among with other factors, could influence the

extent of the effects of air pollution.
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Air pollution and outpatient status

In earlier studies, the difference between how rising air pollution levels affects patients with
ongoing psychiatric outpatient contacts compared to patients without ongoing contact has not
been as widely studied as differences in sex and age. Previous research has rather focused on
how the effects of air pollution varies within specific diagnoses, a factor that this study did not
investigate. However, Muhsin et al. (2021) showed that patients with an ongoing psychiatric
outpatient contact tended to seek acute psychiatric care on the first few days post air pollution
exposure, while patients without ongoing outpatient contact seemed to show an increased

search pattern on later lags.

In this study, patients with ongoing outpatient contact showed a significant association during
the control period on day zero and one after exposure for both PMioand PM: 5. For the pandemic
period, the association seemed to follow a similair pattern, but none of the lags during this
period reached significance. The association rather seemed to go down than up during the

pandemic period compared to the control period, a finding that could have multiple explanation.

One possible reason could be that patients with ongoing outpatient status avoided going to the
psychiatric emergency room at the hospital because of the pandemic situation, and chose to
make contact with their existing psychiatric contact in non-physical ways. For example, the
alternative to talk to medical staff over telephone or video link were more widespread during
the pandemic period than before, an option that could be more accessible to individuals that

already had an ongoing contact with the helth care system.

For patients with no ongoing psychiatric outpatient contact, no distinct association between air
pollution exposure and risk of seeking the pscyhiatric emergency could be seen for PMio. For
PMb> s however, the relationship differed between the control period and the pandemic period.
During the control period no association could be identified, but for the pandemic period the
results numerically tended to increase for the early lags as well as the later lags. Even if these
results did not show significance, this distinction could point towards a possible change in

seeking pattern correlated to air pollution exposure during the pandemic.
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Strengths and weaknesses

A major limitation of this study is the length of the studied periods. By the time this study was
performed, data on air pollution was only available until 31*' of December 2020. Optimally
the pandemic period would include periods of restrictions during 2021 as well but had to be
limited to 2020 due to lack of available data. Further, the time chosen as control period was
longer than the pandemic period, which could affect the results. Another factor limiting the
study is that data only was collected from one hospital. Further studies with longer studied
periods and data from different hospitals within the region are needed to provide more reliable

results.

Further, a limitation of this study is how the number of PEVs was measured. All registered
visits to the psychiatric emergency room were counted as a PEV, meaning that the same
person could seek multiple times a day and each visit would be counted as a separate visit. It
is also possible that some patients visiting the psychiatric emergency were not correctly
registered for some reason, leading to a misleading result for the total PEVs. Another
limitation is that this study did not consider the diagnosis registered for each patient. It is
therefore possible that not all the registered PEVs were actual psychiatric emergency patients,

and that some none-acute or somatic issues could have been included in the analyses.

Another source of weakness is that this study did not measure individual exposure to air
pollution. The measured values of PM were all taken from Femman Huset in the central part
of Gothenburg, and all individuals were assumed to be exposed to the same levels. In
addition, individuals suffering from mental illness tend to isolate and stay inside, and
therefore may not be as exposed to ambient air pollution as others. However, to use central

measuring stations are standard in many studies on the effects of air pollution.

Even if further studies including multiple hospitals is needed to fully explore the effects of air
pollution on mental health, one of the strengths of this study is that is conducted at one of

Scandinavia’s largest psychiatric emergency departments with an average of 13.000 visits per
year. Since Gothenburg is an urban area and the second largest city in Sweden, it is a valuable

location to study the effects of air pollution.

Another strength is the choice of statistical method. In a case-crossover study design, each

individual serves as his or her own control, reducing the risk of confounding factors affecting
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the results. Further, this statistical design allows controlling for holidays, seasonality and day

of the week, factors that otherwise influence the number of visits to psychiatric emergencies.
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Conclusions

Air pollution and pandemics are naturally occurring phenomena facing the world, with
consequences for both individuals and collectivity. The main aim of this study was to examine
the earlier observed association between exposure to air pollution and acute exacerbation of
mental distress, and to see if this association changed during the COVID-19 pandemic.
Majority of the analyses in this study did not reach statistically significant results, which is
important to bear in mind when drawing any type of conclusions from the findings.
Additional studies are needed to further investigate the relations between air pollution,

pandemics and mental illness.

Although not significant, several of the analyses point towards that there might be a positive
relationship between increased levels of air pollution and a higher number of visits to the
psychiatric emergency department. This association did not change distinctly during the
pandemic period for the total count of visits, but for some of the studied subgroups the
relationship seems to have altered. For females and patients with ongoing outpatient
psychiatric contact the association seemed to decrease, while it seemed to increase for
individuals between 18-24 years and >65 years, and for patients without ongoing outpatient

contact.

Even though far from reaching a clear conclusion, these observations may help us understand
how external factors as air pollution and pandemics affect mental health, and how these
factors interfere with each other. Increased knowledge of the various effects of air pollution
exposure and viral outbreaks can contribute to highlighting the importance of eco-health and
planetary health on human well-being, and emphasizes the need to coordinate actions to

achieve better human health and environmental outcomes.
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Att luftfororeningar ér farligt for hilsan dr vilkant, men pa senare tid har forskning pekat mot
att luftfororeningar dven kan paverka vart psykiska vilmaende. Studier som gjorts runt om 1
varlden har kunnat visa att 6kade halter av luftféroreningar leder till att fler ménniskor soker
till psykiatriska akutmottagningar, ndgot som kan ses som ett métt pd akut psykisk ohélsa.
Aven i Géteborg har liknande studier gjorts, dir forskare kunnat visa att sambandet mellan

luftféroreningar och 6kat antal besok till psykiatriakuten finns dven dar.

Nyligen gjordes ytterligare en studie vid Ostra sjukhuset i Géteborg, denna gang for att se om
sambandet mellan luftféroreningar och psykisk ohilsa d@ndrats under den pagaende COVID-
19-pandemin. Halten av fororeningar i luften for varje dag samlades in frdin SMHI och
jamfordes med antalet besok till psykiatriakuten for en period fore och en period under

pandemin.

Resultaten som framkom 1 studien var inte tillrackligt starka for att kunna ses som
vetenskapligt bevisade, men pekade dndé mot att luftféroreningar kan paverka var psykiska
hilsa. Om det skett ndgon fordndring i1 detta samband under pandemin var inte heller helt
klarlagt, men vissa tendenser tycktes kunna ses. Nar man kollade pé det totala antalet besok
till psykiatriakuten verkade sambandet inte ha &dndrats ndgot ndmnvért, men for vissa grupper
kunde en antydan till fordndring ses. Det verkade framfor allt som att patienter utan pagaende
kontakt med psykiatrin sedan tidigare blev mer benédgna att soka psykiatriakuten nér det var

mer fororeningar i luften under pandemin, liksom individer dver 65 ar och de av manligt kon.

Luftféroreningars negativa paverkan pa psykisk hélsa kan bidra till att uppméirksamma vikten
av att minska luftféroreningarna i vérlden. Kunskapen om hur vi paverkas psykiskt av

miljofororeningar och pandemier &r dven viktig for att oka forstaelsen om vilka faktorer som
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kan paverka psykisk ohélsa, och kan bidra till framtida forskning inom &mnet. Forfattarna till
studien ar dock tydliga med att fler studier under léngre perioder behdvs innan man kan dra

ndgra sdkra slutsatser utifran resultaten.
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