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Abstract: The coronavirus disease 2019 (COVID-19) pandemic caused a crisis worldwide, due to both
its public health impact and socio-economic consequences. Mental health was consistently affected
by the pandemic, with the emergence of newly diagnosed psychiatric disorders and the exacerbation
of pre-existing ones. Urban areas were particularly affected by the virus spread. In this review, we
analyze how the urban environment may influence mental health during the COVID-19 pandemic,
considering two factors that profoundly characterize urbanization: air pollution and migration. Air
pollution serves as a possibly risk factor for higher viral spread and infection severity in the context
of urban areas and it has also been demonstrated to play a role in the development of serious mental
illnesses and their relapses. The urban environment also represents a complex social context where
minorities such as migrants may live in poor hygienic conditions and lack access to adequate mental
health care. A global rethinking of the urban environment is thus required to reduce the impact
of these factors on mental health. This should include actions aimed at reducing air pollution and
combating climate change, promoting at the same time a more inclusive society in a sustainable
development perspective.

Keywords: COVID-19; SARS-CoV-2; mental health; social determinants; air pollution; climate
change; migration; refugees; urban environment; urbanization

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection, re-
sulting in the coronavirus disease 2019 (COVID-19) pandemic, caused a public health
emergency not only due to the possible serious consequences of the infection itself, but
also in consideration of the subsequent socio-economic crisis [1]. The pandemic also de-
termined a high risk for developing negative emotions among the general population
resulting from different factors, such as fear of the contagion, economic burden, and social
isolation [2]. In fact, the global situation contributes to creating an environment of disrup-
tion and trauma, as it was already demonstrated during previous pandemics [3]. A higher
stress perception during pandemics and disasters can thus impair the overall wellbeing
of subjects, with effects on sleep, concentration, cognitive function, and behaviors [4].
Specific populations, including subjects affected by COVID-19 or having their relatives
affected, health professionals and subjects with pre-existing mental disorders, have been
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defined as presenting higher risk for developing psychiatric manifestations during the
pandemic [5–8]. The mental health effects of the present pandemic also arose from the
implementation of countermeasures such as lockdown and home quarantine. Concerning
these, psychiatric manifestations that have been described in the context of lockdown
measures mainly belong to the diagnostic categories of depression, anxiety, and psycho-
somatic disorders [2,9]. In consideration of what stated above and of the high prevalence
that mental health consequences of the virus spread demonstrated, mental health needs
were pointed out as a priority in the context of the response to the global crisis [10,11]. In
addition, SARS-CoV-2 was also demonstrated to exert a direct effect on the central nervous
system (CNS), possibly contributing to the occurrence of several neurological manifesta-
tions, among which the most frequently reported are hypo/anosmia, dysgeusia or ageusia,
dizziness, headache, paresthesia, dysphonia [12]. The neurotropism of COVID-19 may also
be directly responsible for behavioral disturbances and mood changes, such as depressive
and anxiety symptoms [13].

In this already complex scenario, it is to note that the countermeasures that were
established by countries and local governments to control the virus dissemination deter-
mined the loss of financial resources for many workers from different sectors [14], seriously
affecting employment possibilities [15]. Despite this crisis spread worldwide, the economic
consequences of the pandemic are more severe in low-income countries, confirming in-
equalities among different health systems and resources [16,17]. Furthermore, residents
that appear to be more seriously affected by such consequences are the vulnerable ones,
frequently presenting scarce economic resources and high rates of unemployment, together
with lack of access to health care and poor education about preventive measures [15]. Addi-
tionally, urban areas, namely densely populated areas where at least 50% of the inhabitants
live in high-density clusters [18], were particularly affected by the virus dissemination,
although several factors associated with COVID-19 vulnerability were also reported for
rural areas [19,20]. To note, living in urban centers was also found to be associated with
the development of psychiatric symptoms among different populations during the pan-
demic [21,22]. This could be connected with the fact that urbanicity (being born or raised
in cities) represents a possible risk factor for the development of serious mental illnesses,
such as schizophrenia spectrum disorders and other psychotic disorders [23,24]. Different
explanations were sought for this association, including not only social stressors such as
inequalities and low social cohesion [25,26], but also possible influences of urbanicity on
brain structure [27] and coping styles [28]. The lack of green spaces was also hypothesized
to be involved in this relationship, suggesting a higher exposure to pollution and toxins,
as confirmed by the evidence that contact with green spaces during the childhood may
protect from the later development of psychiatric disorders [29].

In the context of the pandemic, urban environment was hypothesized to be extremely
affected by the virus dissemination because of higher population density, higher concen-
tration of air pollutants and specific risks associated with lifestyle [21]. Furthermore, the
mortality from COVID-19 was significantly higher in metropolitan areas where poorer
general health was associated with lower socio-economic and educational status [15].
Among social factors that may significantly influence the response to the pandemic in
urban areas, the presence of ethnic minorities and higher international migration rates
were listed among relevant factors, possibly being connected with inequalities in access
to health care and relevant socio-economic load [19]. Migration itself is as well connected
to mental health problems, since it has been demonstrated that different phases of the
migration process may cause a higher risk for developing serious psychiatric disorders,
particularly psychosis [30]. The above-mentioned social determinants also influence the
emergence of mental health problems, acting as mediators of the COVID-19 psychological
impact [31]. Furthermore, social determinants themselves are also expected to be seriously
influenced by the pandemic [32], with the risk of implementing a vicious cycle possible
leading to even more severe consequences of the present situation on mental health.
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In this narrative review, we analyze the role of urban environment as a possible
mediator of the effect that COVID-19 may exert on mental health. In particular, the
present review will be focused on air pollution and migration. These two apparently
different factors were chosen in consideration of the significant association that they already
demonstrated with mental health, as both were considered to present a causal relationship
with psychiatric disorders. Furthermore, air pollution and urbanicity are among the factors
that most represent the complexity of urban environment under different perspectives.
Indeed, the first is connected with anthropogenic activities that are typical of the urban
environment, i.e., industries, whilst the second profoundly affects the social texture of
urban societies and mirrors social inequalities in this context. We hypothesized that the
analyzed literature may support a stronger association between COVID-19 and mental
health in urban contexts as possibly mediated by these two phenomena, confirming their
importance as social and environmental determinants of mental health.

2. Methods

A comprehensive literature search was performed in the research databases PubMed/Index
Medicus/MEDLINE, Scopus and Web of Science, by variously combining the words
“COVID-19”, “SARS-CoV-2”, “mental health”, “urban*”, “air pollution”, “pollutant*”, “mi-
grant*”, “migration”, “refugee*”, “asylum seeker*” until 31 December 2020. We included
papers in English, French, Italian and Spanish that reported data concerning the impact of
the pandemic on mental health with particular attention to the considered determinants
related to the urban environment, namely air pollution and migration. In consideration
of the relatively recent emergence of the pandemic, papers that considered the possible
role of the above-mentioned factors in the occurrence and spread of the pandemic itself
were also included. Furthermore, due to the possible communication of preliminary data
concerning the considered aspects, we did not limit to the inclusion of full-length original
articles, but also included reviews, commentaries and letters to the editor. We excluded
papers that did not provide sufficient information concerning possible causal relationships
between air pollution and related phenomena, mental health, and COVID-19, as well as
papers providing only a theory or hypothesis not supported by sufficient data.

3. Results

The literature search yielded 663 records (226 PubMed/Index Medicus/MEDLINE,
278 Scopus, 159 Web of Science). After the whole screening process, including hand-
screening of references, was completed, 33 papers were included in this review. Among
these, 14 focused on air pollution and related phenomena, whilst 19 focused on migration.
For a list of the included papers concerning the two main topics of this review see Appendix A.

3.1. Urban Environment and Mental Health: The Role of Air Pollution

Air pollution has already been listed among the factors associated with higher viral
transmission and COVID-19 severity. This could be due to the proven role of atmospheric
particulate matter (PM) in creating an environment where the virus survival is facilitated
for hours, causing the widespread via airflows over large distances [33]. Additionally, air
pollutants such as nitrogen dioxide and carbon dioxide can contribute to the development
of a serious inflammatory response that mainly concerns the respiratory system, which
represents a possible reason for the higher severity of COVID-19 observed in highly pol-
luted regions in China and Northern Italy [34,35]. Noteworthy, high levels of air pollution
could also act synergistically with the virus in its already mentioned neurotrophic mecha-
nism [15]. Furthermore, air pollutants contribute to the phenomenon of global warming,
which seriously affects climate change. Modifications in meteorological parameters, such
as temperature, are also connected with climate change and were demonstrated to facilitate
the infection spread. Indeed, both higher and lower temperatures appeared to be beneficial
in decreasing COVID-19 transmission, whilst average temperatures were linked to higher
possibility of viral spread [36,37]. Nanoparticles that contribute to air pollution can reach
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the CNS via the olfactory-neural tract, activating several pathophysiological pathways
that include cerebrovascular dysfunction, oxidative stress, inflammatory processes, acti-
vation of the immune system, damage to blood vessels, alterations in neurotransmitter
concentrations, and alterations in the blood-brain barrier [38,39], possibly playing a role in
the pathophysiology of neuropsychiatric symptoms that are strictly connected with the
infection. Recently increasing literature is investigating negative impacts of air pollution
exposure on mental health. In particular, air pollutants exposure seems to be associated
with a higher risk of severe mental disorders [40–42], as well as with a higher number of
hospital admissions for psychiatric reasons [43,44]. Further phenomena that were linked
to air pollution are represented by suicidal ideation and suicidal behaviors [45–47]. To
note, urbanicity has been commonly described as one of the risk factors for the onset of
schizophrenia spectrum disorders, and air pollution exposure could be considered as a
potential mediator of the association between urbanicity and the risk of both psychotic
disorders and viral epidemics or pandemics [48–50]. Moreover, air pollution indirectly
affects mental health by causing climate change, that can be responsible for natural dis-
asters and extreme events, leading to mental distress and to psychiatric disorders such
as post-traumatic stress disorder (PTSD) [51,52]. Furthermore, gradual climate changes
could play and indirect role in the emergence of psychiatric symptoms, i.e., contributing to
social changes and migration phenomena, but also inducing negative emotional responses
such as anxiety and sense of guilt for the ongoing situation [53]. The association of both
air pollution and COVID-19 with mental health problems led to the hypothesis that these
phenomena may to some extent be all linked [48].

It has also been demonstrated that urbanicity could represent a possible risk factor
for the spillover phenomenon, facilitating the virus transition from animals to humans via
intermediate hosts. Particularly, deforestation policies may facilitate this process, resulting
in the destruction of natural habitats of numerous species and reduction of biodiversity, as
well as in greater interaction between wildlife and human activity [54]. At the same time,
during the COVID-19 pandemic, deforestation registered an increasing trend, probably
due to socio-economic reasons that were exacerbated by the global situation [55]. This is
expected to facilitate the interaction between humans and wild animals, leading to a vicious
circle that may cause the emerge of new diseases. Furthermore, airborne particles may
result from forest fires, increasing pollutants level in surrounding areas, which suggests
that the current situation could also potentially increase the burden of pollution-related
medical conditions [33,56].

Anyway, the relationship between air pollution and COVID-19 presents a multi-facet
nature. In fact, the countermeasures adopted for containing the viral spread, such as
social distancing and home quarantine, led to several environmental changes, above all
the reduction of toxic emissions produced by industries and other anthropogenic activi-
ties [17,57]. On the other side, higher levels of household air pollution might be associated
with quarantine measures since indoor anthropological activities significantly increased
during this timeframe [58]. Noteworthy, depressive symptoms were associated with living
in small apartments characterized by poor housing, such as scarce air and lighting qual-
ity [59]. Higher risk for developing depression in the middle-aged and older population
was found to be associated with indoor air pollution caused by solid fuels (i.e., coal) when
compared to “clean” sustainable fuels (i.e., natural gas) [60]. Above all, being subjected
to lockdown measures was demonstrated to facilitate the emergence of psychiatric symp-
toms, that significantly increased with the persistence of such measures [11]. To this end,
future studies are expected to clarify to which extent these symptoms may be mediated
by indoor pollution. Additionally, the presence of green spaces in living environments
demonstrated a link with a reduction of perceived stress. This could be in part confirmed
by the evidence that interventions based on video-audio stimuli reduced anxiety levels in
subjects undergoing lockdown and quarantine measures, with a higher efficacy when forest
environments were displayed [61]. In addition, the access to green spaces was reported
as a crucial need during the pandemic, also connected with the possibility for physical
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exercise and relaxation. At this regard, citizens who underwent quarantine measures also
suggested to improve urban plans to project wider big areas in metropolitan centers, which
was hypothesized to determine an improved quality of life [62].

The sensibilization about green policies could also allow a better perception of actions
required for contrasting climate change [63]. This represents a relevant issue, especially in
countries where climate-induced natural disasters frequently occur, since food deficiency
and lack of medical assistance during such events is expected to be even more critical in
consideration of the ongoing pandemic situation [14]. Indeed, climate-related calamities,
i.e., heat waves, hurricanes, cyclones, still represent a global threat for under-resourced
health systems, that may not be able to guarantee an adequate response [64]. This could
particularly affect overloaded mental health professionals, which would be conversely
expected to implement different actions in order to face these disasters, providing psy-
chosocial treatments and improving technology-based interventions that could be spread
on large scale [65].

3.2. Urban Environment and Mental Health: Focus on Migrant Populations Mental Health during
the COVID-19 Pandemic

The public health needs of minorities such as migrants generally represent a relevant
issue in modern societies, which should be afforded by means of culturally competent
services. As stated above, the pandemic situation represents a factor which may potentially
increase the vulnerability of this population, since anxiety related to COVID-19 could
overlap with worries concerning the precariousness of their condition and the lack of a
regular working status [66].

In this context, undocumented migrants, asylum seekers, refugees and those living in
camps and detention centers may be subjected to a dramatic situation due to difficulties
in adhering to public health directives and to specific environmental conditions that may
result in higher risk for contracting the infection [67]. As for refugee camps, these were
particularly affected by the viral spread, as demonstrated by specific cases of COVID-19 out-
breaks, i.e., in European countries such as Greece [68] and Malta [69]. In these settings both
direct and indirect pathways of transmission should be considered. Indeed, overcrowding
is frequent and may hinder the implementation of social distancing measures [70]. At the
same time, adequate facilities for hygiene measures such as handwashing may not always
be available. Additionally, in settings with a heavy viral contamination, the contagion
could spread by fingertip contact with infected surfaces and it has also been hypothesized
that the transmission could be mediated by food [71].

Refugee camps do not represent the only cause due to which these populations may be
exposed to high infectious risk. For example, asylum seekers whose request of international
protection has been rejected do not own regular documents and are most frequently
homeless, living in conditions of poverty due to lack of work [1]. In such cases, the COVID-
19 spread could also cause changes in the humanitarian corridors and asylum seekers may
be returned to their countries of origins, where they are at risk of being persecuted [72]. For
similar reasons, in some countries asylum seekers and undocumented migrants can avoid
seeking help for health matters due to fear of being repatriated [73,74]. Rescue operations in
the Mediterranean Sea were suspended as well due to logistic reasons, whilst the few that
were carried led to quarantine measures in refugee camps with subsequent organizational
concerns [72]. Furthermore, shortage of food and medicines that already affected refugee
camps in several parts of the world could be exacerbated during the pandemic, adding
further concerns to administrative, socio-economic, legal and language barriers in accessing
health care [72,75]. These conditions can foster feelings of uncertainty and loneliness that
often prelude to the onset of anxiety and depressive symptoms. Additionally, pre-existing
mental disorders that are particularly prevalent among this population may be exacerbated
during the pandemic, also representing an obstacle to the recognition of specific symptoms
and determining a higher risk for the infection spread [67].

Indeed, migrants and especially asylum seekers represent a vulnerable group of in-
dividuals, facing traumatic events during different phases of the migration process, i.e.,
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childhood abuse, armed violence, detention, and isolation [76], often leading to the devel-
opment of PTSD, adjustment disorders and depressive symptoms [1]. Such symptoms may
also be influenced by difficulties in adaptation to the culture of the host country, poverty,
and racism [77]. The pandemic can act as a trigger for the recall of traumatic experiences,
as demonstrated by a study conducted in a refugee camp in Iraq where different PTSD
symptoms measured by the Impact of Event Scale-Revised (IES-R) were more severe after
the COVID-19 outbreak than they were before [78]. Not only did fear of illness and death,
as well as concerns for safety of the loved ones cause symptom exacerbation, but also social
distancing might have contributed to more serious psychopathology by hindering the
creation of social networks that could help refugees to connect with the host culture and
society [79]. This could further be exacerbated by quarantine measure, which cause anger
and confusion and could evoke memories of restricted freedom to those who experienced
imprisonment in their past. Moreover, refugees often escaped oppressive regimens during
and can perceive the reinforcement of police and military presence to help respecting re-
strictions as a threat to personal security [79]. Symptom exacerbation during the pandemic,
together with limited access to mental health care and lack of adequate psychological
support, can lead to serious consequences and to a higher suicide risk [80]. Results from a
population of individuals in low socio-economic conditions, including migrants, detected
a significantly lower percentage of users after the adoption of lockdown measures, with
fewer subjects attending follow-up visits during the next months [1], demonstrating the
need for a reorganization of mental health services that are addressed to this population.
Tailored psychological aid programs for refugees were implemented, based on informative
materials about the virus spread and on mental health condition monitoring by means of
phone and, when possible, using telemedicine [81]. This latter resource, despite limitations
due to scarce internet access and setting variation, allowed in some cases to continue
treatment programs especially in young subjects [81].

Another population that may suffer from mental health problems related to the CoV-
Sars-2 spread is represented by international migrant workers [82], 95% of which are living
in regions affected by the pandemic [83]. Migrant workers, especially in urban areas, often
engage in occupations characterized by low wages and experiment a condition of global
uncertainty, facing social and cultural barriers [84]. Furthermore, these individuals are
prone to the development of psychiatric disorders [85–87] and are frequently affected by
comorbid medical illnesses, also due to poor hygienic conditions and chronic malnutri-
tion [82]. Factors that contribute to the development of mental health problems in this
population are loneliness, lack of familiar support [88], social exclusion [89], and difficulties
in accessing psychiatric care [82]. Due to the pandemic situation, these individuals are
expected to cope with serious economic load due to job loss in the next future, as already
demonstrated in some areas of the world [87], and could be subject to an inverse migration
phenomenon, thus returning to their native villages [90], which was also demonstrated to
be a risk factor for suicide [72]. Language barriers create further limitations to the acquisi-
tion of adequate information about the public health situation and personal protection [83],
with the latter becoming even more difficult to address for migrant workers living in
shelter and camps [84]. These issues, together with perceived and internalized stigma
and low education level, hinder the access of this population to specific psychological aid
services that were settled in some countries during the pandemic [87,91–93]. To note, the
stigmatization of minorities underpins a process through a specific human characteristic is
labeled as socially salient and is usually considered under a discrediting point of view [94].
This phenomenon, that has historically been associated with psychiatric illness in modern
societies, gains further relevance when considering mental health among minorities.

We should also consider that international migrant workers are also affected by worries
for their families of origin living in countries that are highly affected by the COVID-19
pandemic [95], expressing their struggle to travel to native countries and meet the loved
ones, despite adjunctive quarantine measures that they usually have to undergo [84,87].
This could further facilitate the virus transmission towards native villages and countries
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which could initially be less affected by the pandemic, since migrations was listed among
the main reasons for the long-distance viral spread [96].

In a cross-sectional study based on self-reports and interviews, migrant workers
reported a high rate of negative emotions including frustration, fear, and irritability [96].
In the same population, 75% of migrants screened positive for anxiety or depression, with
the first being more frequent than the latter [97]. In a research focusing on Italian foreign
workers, PTSD was detected among about 22% of them and was significantly predicted by
the development of anxiety and depression [95]. Another study where migrant workers
living in camps and shelters were interviewed, a high burden of substance abuse emerged,
determining further issues during the pandemic due to withdrawal symptoms and craving
for substances that could not be easily accessed [84].

4. Conclusions

In this narrative review, we underlined how different aspects that characterize the
urban environment can contribute to the SARS-CoV-2 spread and increase the COVID-19
pandemic complexity. Indeed, the current situation seriously affects public health, but
it also presents relevant implications under a socio-economic point of view. The overall
severity of the emergency was demonstrated to present relevant implications for mental
health as well. Noteworthy, several factors connected with the urbanization process are
associated with such implications. Among these, air pollution represents a potential link
between COVID-19 and mental health, since it was proved to be a risk factor for the
development of both conditions. Furthermore, this phenomenon is also connected with
major issues that have relevant societal consequences and particularly, but not only, climate
change. Additionally, the urban environment presents a social structure that often leads to
inequalities and hampers the access to adequate health care for specific populations.

This was particularly demonstrated for minorities such as refugees, asylum seekers
and migrant workers, that can be subjected to major issues concerning the maintenance of
adequate hygienic conditions, determining a higher risk of contagion in the pandemic era.
Additionally, during the pandemic access to health facilities may be even more difficult,
with relevant influence on general health and particularly on mental health. Several
factors connected with the migrant condition, as well as the high prevalence of pre-existing
psychiatric disorders, contribute to the significant burden that mental health issues cause
in this population during the COVID-19 pandemic. Possible causal relationships between
COVID-19, mental health, and urbanization are described in Figure 1.

Although we considered only some among the possible determinants of mental health,
the evidence we summarized suggests the need for a comprehensive rethinking of the ur-
ban environment. This represents a crucial topic since fifty per cent of the world population
lives in densely populated urban areas and further urbanization is expected during the
next decades. The promotion of human behaviors aimed at reducing air pollution and con-
trasting climate change, together with a more sustainable exploitation of natural resources
in populated areas, represent unique possibilities to improve human health, with signifi-
cant influence on mental health as well. Specific initiatives focused on the maintenance
of biodiversity, the improvement of urban green cover and the promotion of agriculture
activities in adjacent areas may help reaching these goals. Greater attention should also be
dedicated to indoor environments, as suggested by some of the reported literature.

Noteworthily, the COVID-19 pandemic led to a global change concerning the pos-
sibility for long-distance working, as well as to a redefinition of activities that may be
held in the context of households. Furthermore, the reduction of inequalities that could
be exacerbated in urban environments should also be considered as a priority. Migration
phenomena are not expected to decrease in the next decades, and most of the global popu-
lation will be living in urban areas. In this context, policies aimed at social and economic
inclusion could significantly affect the burden of mental health problems related with a
distressing marginalization condition. The promotion of access to health care, with partic-
ular attention to mental health care, should be strongly implemented among minorities.
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Noteworthy, mental health and well-being were also included in the United Nations Sus-
tainable Development Goals, together with the implementation of sustainable cities and
communities, inequalities reduction and climate change-related issues, suggesting that
these are all aspects of a multi-facet global change program. In order to address these goals,
a multidisciplinary approach is required, involving the participations of professionals
working in public health and specialists in different medical fields, as well as experts in
sociology, engineering, architecture, and environmental sciences.
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taking into account general health and socio-economic determinants. Future prospective
studies targeting mental health in urban areas in the COVID-19 era may better address the
issues raised in this paper.

In conclusion, the COVID-19 pandemic and the related mental health problems raise
several issues that lay the foundations for future strategies oriented towards a more
sustainable and inclusive planning of urban environments. This also depends on higher
awareness concerning social determinants of mental health, as well as an overall reduction
of social stigma that affects both mental health and minorities.
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Appendix A

Table A1. Papers evaluating the relationship between air pollution and related phenomena, the
COVID-19 pandemic and mental health.

Author (Year) [Reference] Article Type Study Design (for Studies with
Human Sample)

Bodrud-Doza et al. (2020) [14] (pp. 2, 6) Original research Cross-sectional survey
Chakraborty et al. (2020) [17] (pp. 2, 5) Review Not applicable

Wu et al. (2020) [34] (p. 4) Original research Cross-sectional study
Conticini et al. (2020) [35] (p. 4) Commentary Not applicable
Tosepu et al. (2020) [36] (p. 5) Original research Retrospective study

Li et al. (2021) [37] (p. 4) Original research Not applicable (no human sample)
Marazziti et al. (2021) [48] (p. 5) Review Not applicable
Brancalion et al. (2020) [55] (p. 5) Policy Forum Not applicable

Venter et al. (2020) [57] (p. 5) Original study Not applicable (no human sample)
Sharma et al. (2020) [58] (p. 5) Letter to the editor Not applicable
Amerio et al. (2020) [59] (p. 6) Original research Cross-sectional survey
Zabini et al. (2020) [61] (p. 6) Original research Interventional study
Ugolini et al. (2020) [62] (p. 6) Original research Cross-sectional survey
Barouki et al. (2020) [64] (p. 6) Review Not applicable

Table A2. Papers evaluating the relationship between migration, the COVID-19 pandemic and
mental health.

Author (Year) [Reference] Article Type Study Design (for Studies
with Human Sample)

Aragona et al. (2020) [1] (pp. 1, 6, 7) Research article Naturalistic study
Liu et al. (2020) [60] (p. 5) Commentary Not applicable

Bhopal et al. (2020) [66] (p. 6) Letter to the editor Not applicable
Ralli et al. (2020) [67] (pp. 6, 7) Review Not applicable

Kluge et al. (2020) [72] (pp. 6, 7) Letter to the editor Not applicable
Mukumbang et al. (2020) [73] (p. 6) Review Not applicable

Page et al. (2020) [74] (p. 6) Commentary Not applicable
Dalexis and Cenat (2020) [76] (p. 7) Letter to the editor Not applicable

Kizilhan and Noll-Hussong [78] (2020) (p. 7) Letter to the editor Naturalistic study
Rees et al. (2020) [79] (p. 7) Review Not applicable

Endale et al. (2020) [81] (p. 7) Experiential account Experiential account
Choudhari (2020) [82] (p. 7) Review Not applicable
Liem et al. (2020) [83] (p. 7) Letter to the editor Not applicable

Chander et al. (2020) [84] (pp. 7, 8) Experiential account Experiential account
Espinel et al. (2020) [90] (p. 7) Commentary Not applicable

Chan and Kuan (2020) [93] (p. 7) Research article Naturalistic study
Barbato and Thomas (2020) [95] (pp. 7, 8) Letter to the editor Cross-sectional survey

Fan et al. (2020) [96] (p. 8) Research article Retrospective study
Kumar et al. (2020) [97] (p. 8) Letter to the editor Cross-sectional survey
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H.; Šaulienė, I.; et al. Effects of the COVID-19 pandemic on the use and perceptions of urban green space: An international
exploratory study. Urban For. Urban Green. 2020, 56, 126888. [CrossRef]

63. Ebi, K.L.; Vanos, J.; Baldwin, J.W.; Bell, J.E.; Hondula, D.M.; Errett, N.A.; Hayes, K.; Reid, C.E.; Saha, S.; Spector, J.; et al. Extreme
Weather and Climate Change: Population Health and Health System Implications. Annu. Rev. Public Health 2021, 42. [CrossRef]

64. Barouki, R.; Kogevinas, M.; Audouze, K.; Belesova, K.; Bergman, A.; Birnbaum, L.; Boekhold, S.; Denys, S.; Desseille, C.; Drakvik,
E.; et al. HERA-COVID-19 working group. The COVID-19 pandemic and global environmental change: Emerging research needs.
Environ. Int. 2021, 146, 106272. [CrossRef] [PubMed]

65. Newnham, E.A.; Dzidic, P.L.; Mergelsberg, E.L.P.; Guragain, B.; Chan, E.Y.Y.; Kim, Y.; Leaning, J.; Kayano, R.; Wright, M.;
Kaththiriarachchi, L.; et al. The Asia Pacific Disaster Mental Health Network: Setting a Mental Health Agenda for the Region.
Int. J. Environ. Res. Public Health 2020, 17, 6144. [CrossRef]

66. Bhopal, R.S. COVID-19: Immense necessity and challenges in meeting the needs of minorities, especially asylum seekers and
undocumented migrants. Public Health 2020, 182, 161–162. [CrossRef]

67. Ralli, M.; Cedola, C.; Urbano, S.; Morrone, A.; Ercoli, L. Homeless persons and migrants in precarious housing conditions and
COVID-19 pandemic: Peculiarities and prevention strategies. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 9765–9767. [CrossRef]

68. Hellenic National Public Health Organization (HNPHO). Epidemiological Surveillance in Points of Care for Refugees/Migrants.
Available online: https://eody.gov.gr (accessed on 18 February 2021).

69. The Health System Response Monitor (HSRM). COVID-19: Health System Response Monitor-Malta. Available online: https:
//www.covid19healthsystem.org/countries/malta/countrypage.aspx (accessed on 18 February 2021).

70. European Centre for Disease Prevention and Control Guidance on Infection Prevention and Control of COVID-19 in Migrant
and Refugee Reception and Detention Centres in the EU/EEA and the UK. Available online: https://www.ecdc.europa.eu/en/
publications-data/covid-19-guidance-prevention-control-migrant-refugee-centres (accessed on 18 February 2021).

71. Duda-Chodak, A.; Lukasiewicz, M.; Zięć, G.; Florkiewicz, A.; Filipiak-Florkiewicz, A. Covid-19 pandemic and food: Present
knowledge, risks, consumers fears and safety. Trends Food Sci. Technol. 2020, 105, 145–160. [CrossRef] [PubMed]

72. Kluge, H.H.P.; Jakab, Z.; Bartovic, J.; D’Anna, V.; Severoni, S. Refugee and migrant health in the COVID-19 response. Lancet 2020,
395, 1237–1239. [CrossRef]

73. Mukumbang, F.C.; Ambe, A.N.; Adebiyi, B.O. Unspoken inequality: How COVID-19 has exacerbated existing vulnerabilities of
asylum-seekers, refugees, and undocumented migrants in South Africa. Int. J. Equity Health 2020, 19, 141. [CrossRef]

74. Page, K.R.; Venkataramani, M.; Beyrer, C.; Polk, S.; Undocumented, U.S. Immigrants and Covid-19. N. Engl. J. Med. 2020, 382, e62.
[CrossRef] [PubMed]

75. Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of
quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912–920. [CrossRef]

76. Dalexis, R.D.; Cénat, J.M. Asylum seekers working in Quebec (Canada) during the COVID-19 pandemic: Risk of deportation, and
threats to physical and mental health. Psychiatry Res. 2020, 292, 113299. [CrossRef]

77. Triantafyllou, K.; Othiti, I.; Xylouris, G.; Moulla, V.; Ntre, V.; Kovani, P.; Gertsou, I.; Anagnostopoulos, D. Mental health and
psychosocial factors in young refugees, immigrants and Greeks: A retrospective study. Psychiatrike 2018, 29, 231–239. [CrossRef]
[PubMed]

78. Kizilhan, J.I.; Noll-Hussong, M. Psychological impact of COVID-19 in a refugee camp in Iraq. Psychiatry Clin. Neurosci. 2020,
74, 659–660. [CrossRef] [PubMed]

79. Rees, S.; Fisher, J. COVID-19 and the Mental Health of People from Refugee Backgrounds. Int. J. Health Serv. 2020, 50, 415–417.
[CrossRef] [PubMed]

80. Gunnell, D.; Appleby, L.; Arensman, E.; Hawton, K.; John, A.; Kapur, N.; Khan, M.; O’Connor, R.C.; Pirkis, J.; Caine, E.D.; et al.
Suicide risk and prevention during the COVID-19 pandemic. Lancet Psychiatry 2020, 7, 468–471. [CrossRef]

81. Endale, T.; St Jean, N.; Birman, D. COVID-19 and Refugee and Immigrant Youth: A Community-Based Mental Health Perspective.
Psychol. Trauma Theory Res. Pract. Policy 2020, 12, S225–S227. [CrossRef]

82. Choudhari, R. COVID 19 pandemic: Mental health challenges of internal migrant workers of India. Asian J. Psychiatry 2020,
54, 102254. [CrossRef] [PubMed]

83. Liem, A.; Wang, C.; Wariyanti, Y.; Latkin, C.A.; Hall, B.J. The neglected health of international migrant workers in the COVID-19
epidemic. Lancet Psychiatry 2020, 7, e20. [CrossRef]

84. Chander, R.; Murugesan, M.; Ritish, D.; Damodharan, D.; Arunachalam, V.; Parthasarathy, R.; Raj, A.; Sharma, M.K.; Manju-
natha, N.; Bada Math, S.; et al. Addressing the mental health concerns of migrant workers during the COVID-19 pandemic:
An experiential account. Int. J. Soc. Psychiatry 2020. [CrossRef]

85. Firdaus, G. Mental well-being of migrants in urban center of India: Analyzing the role of social environment. Indian J. Psychiatry
2017, 59, 164–169. [CrossRef]

http://doi.org/10.1016/j.scitotenv.2019.134706
http://www.ncbi.nlm.nih.gov/pubmed/31731156
http://doi.org/10.3390/ijerph17218011
http://www.ncbi.nlm.nih.gov/pubmed/33143327
http://doi.org/10.1016/j.ufug.2020.126888
http://doi.org/10.1146/annurev-publhealth-012420-105026
http://doi.org/10.1016/j.envint.2020.106272
http://www.ncbi.nlm.nih.gov/pubmed/33238229
http://doi.org/10.3390/ijerph17176144
http://doi.org/10.1016/j.puhe.2020.04.010
http://doi.org/10.26355/eurrev_202009_23071
https://eody.gov.gr
https://www.covid19healthsystem.org/countries/malta/countrypage.aspx
https://www.covid19healthsystem.org/countries/malta/countrypage.aspx
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-prevention-control-migrant-refugee-centres
https://www.ecdc.europa.eu/en/publications-data/covid-19-guidance-prevention-control-migrant-refugee-centres
http://doi.org/10.1016/j.tifs.2020.08.020
http://www.ncbi.nlm.nih.gov/pubmed/32921922
http://doi.org/10.1016/S0140-6736(20)30791-1
http://doi.org/10.1186/s12939-020-01259-4
http://doi.org/10.1056/NEJMp2005953
http://www.ncbi.nlm.nih.gov/pubmed/32220207
http://doi.org/10.1016/S0140-6736(20)30460-8
http://doi.org/10.1016/j.psychres.2020.113299
http://doi.org/10.22365/jpsych.2018.293.231
http://www.ncbi.nlm.nih.gov/pubmed/30605427
http://doi.org/10.1111/pcn.13142
http://www.ncbi.nlm.nih.gov/pubmed/32885552
http://doi.org/10.1177/0020731420942475
http://www.ncbi.nlm.nih.gov/pubmed/32669034
http://doi.org/10.1016/S2215-0366(20)30171-1
http://doi.org/10.1037/tra0000875
http://doi.org/10.1016/j.ajp.2020.102254
http://www.ncbi.nlm.nih.gov/pubmed/32593122
http://doi.org/10.1016/S2215-0366(20)30076-6
http://doi.org/10.1177/0020764020937736
http://doi.org/10.4103/psychiatry.IndianJPsychiatry_272_15


Int. J. Environ. Res. Public Health 2021, 18, 3920 13 of 13

86. Hargreaves, S.; Rustage, K.; Nellums, L.B.; McAlpine, A.; Pocock, N.; Devakumar, D.; Aldridge, R.W.; Abubakar, I.; Kristensen,
K.L.; Himmels, J.W.; et al. Occupational health outcomes among international migrant workers: A systematic review and
meta-analysis. Lancet Glob. Health 2019, 7, e872–e882. [CrossRef]

87. Ren, F.; Yu, X.; Dang, W.; Niu, W.; Zhou, T.; Lin, Y.; Wu, Z.; Lin, L.; Zhong, B.; Chu, H.; et al. Depressive symptoms in Chinese
assembly-line migrant workers: A case study in the shoe-making industry. Asia Pac. Psychiatry 2019, 11, e12332. [CrossRef]

88. Zhou, Y.; Li, Z.; Wang, Y.; Huang, H.; Chen, W.; Dong, L.; Wu, J.; Chen, J.; Miao, Y.; Qi, L.; et al. Prevalence and clinical correlates
of psychotic depression in first-episode and drug-naïve outpatients with major depressive disorder in a Chinese Han population.
J. Affect. Disord. 2019, 263, 500–506. [CrossRef] [PubMed]

89. Li, J.; Rose, N. Urban social exclusion and mental health of China’s rural-urban migrants–A review and call for research.
Health Place 2017, 48, 20–30. [CrossRef] [PubMed]

90. Espinel, Z.; Chaskel, R.; Berg, R.C.; Florez, H.J.; Gaviria, S.L.; Bernal, O.; Berg, K.; Muñoz, C.; Larkin, M.G.; Shultz, J.M. Venezuelan
migrants in Colombia: COVID-19 and mental health. Lancet Psychiatry 2020, 7, 653–655. [CrossRef]

91. Li, Z.; Ge, J.; Yang, M.; Feng, J.; Qiao, M.; Jiang, R.; Bi, J.; Zhan, G.; Xu, X.; Wang, L.; et al. Vicarious traumatization in the
general public, members, and non-members of medical teams aiding in COVID-19 control. Brain Behav. Immun. 2020, 88, 916–919.
[CrossRef]

92. Li, W.; Yang, Y.; Liu, Z.H.; Zhao, Y.J.; Zhang, Q.; Zhang, L.; Cheung, T.; Xiang, Y.T. Progression of Mental Health Services during
the COVID-19 Outbreak in China. Int. J. Biol. Sci. 2020, 16, 1732–1738. [CrossRef]

93. Chan, L.G.; Kuan, B. Mental health and holistic care of migrant workers in Singapore during the COVID-19 pandemic.
J. Glob. Health 2020, 10, 020332. [CrossRef]

94. Stuart, H. Reducing the stigma of mental illness. Glob. Ment. Health Camb. 2016, 3, e17. [CrossRef] [PubMed]
95. Barbato, M.; Thomas, J. Far from the eyes, close to the heart: Psychological Impact of COVID-19 in a Sample of Italian foreign

workers. Psychiatry Res. 2020, 290, 113113. [CrossRef]
96. Fan, C.; Cai, T.; Gai, Z.; Wu, Y. The Relationship between the Migrant Population’s Migration Network and the Risk of COVID-19

Transmission in China—Empirical Analysis and Prediction in Prefecture-Level Cities. Int. J. Environ. Res. Public Health 2020,
17, 2630. [CrossRef] [PubMed]

97. Kumar, K.; Mehra, A.; Sahoo, S.; Nehra, R.; Grover, S. The psychological impact of COVID-19 pandemic and lockdown on the
migrant workers: A cross-sectional survey. Asian J. Psychiatry 2020, 53, 102252. [CrossRef] [PubMed]

http://doi.org/10.1016/S2214-109X(19)30204-9
http://doi.org/10.1111/appy.12332
http://doi.org/10.1016/j.jad.2019.10.051
http://www.ncbi.nlm.nih.gov/pubmed/31759662
http://doi.org/10.1016/j.healthplace.2017.08.009
http://www.ncbi.nlm.nih.gov/pubmed/28892746
http://doi.org/10.1016/S2215-0366(20)30242-X
http://doi.org/10.1016/j.bbi.2020.03.007
http://doi.org/10.7150/ijbs.45120
http://doi.org/10.7189/jogh.10.020332
http://doi.org/10.1017/gmh.2016.11
http://www.ncbi.nlm.nih.gov/pubmed/28596886
http://doi.org/10.1016/j.psychres.2020.113113
http://doi.org/10.3390/ijerph17082630
http://www.ncbi.nlm.nih.gov/pubmed/32290445
http://doi.org/10.1016/j.ajp.2020.102252
http://www.ncbi.nlm.nih.gov/pubmed/32593970

	Introduction 
	Methods 
	Results 
	Urban Environment and Mental Health: The Role of Air Pollution 
	Urban Environment and Mental Health: Focus on Migrant Populations Mental Health during the COVID-19 Pandemic 

	Conclusions 
	
	References

