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Abstract: Mental health is influenced by multiple complex and interacting genetic, psychological,
social, and environmental factors. As such, developing state-of-the-art mental health knowledge
requires collaboration across academic disciplines, including environmental science. To assess the
current contribution of environmental science to this field, a scoping review of the literature on
environmental influences on mental health (including conditions of cognitive development and de-
cline) was conducted. The review protocol was developed in consultation with experts working
across mental health and environmental science. The scoping review included 202 English-language
papers, published between 2010 and 2020 (prior to the COVID-19 pandemic), on environmental
themes that had not already been the subject of recent systematic reviews; 26 reviews on climate
change, flooding, air pollution, and urban green space were additionally considered. Studies largely
focused on populations in the USA, China, or Europe and involved limited environmental science
input. Environmental science research methods are primarily focused on quantitative approaches
utilising secondary datasets or field data. Mental health measurement was dominated by the use of
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self-report psychometric scales. Measures of environmental states or exposures were often lacking
in specificity (e.g., limited to the presence or absence of an environmental state). Based on the scop-
ing review findings and our synthesis of the recent reviews, a research agenda for environmental
science’s future contribution to mental health scholarship is set out. This includes recommendations

to expand the geographical scope and broaden the representation of different environmental science
areas, improve measurement of environmental exposure, prioritise experimental and longitudinal
research designs, and giving greater consideration to variation between and within communities
and the mediating pathways by which environment influences mental health. There is also consid-
erable opportunity to increase interdisciplinarity within the field via the integration of conceptual
models, the inclusion of mixed methods and qualitative approaches, as well as further consideration
of the socio-political context and the environmental states that can help support good mental health.
The findings were used to propose a conceptual model to parse contributions and connections be-
tween environmental science and mental health to inform future studies.

Keywords: mental wellbeing; cognitive development; cognitive decline; environmental
epidemiology; physical environment; chemical environment; biological environment

1. Introduction

Issues surrounding mental health and wellbeing are one of the major international
public health challenges of our time. It represents a “wicked problem” that necessitates
interdisciplinary collaboration across the biomedical, social, economic, and natural sci-
ences [1]. Prior to the COVID-19 global pandemic, around 16% of the world’s population
was estimated to be affected by mental or addictive disorders [2]. In Europe, the preva-
lence of mental health disorders increased by around 16% between 2005 and 2015 [3].
Concurrently, there has been growing international interest in the role individuals, com-
munities, and societies play in fostering positive mental health and wellbeing, as exem-
plified by the rise of “happiness economics” as a counterpoint to the reliance on traditional
metrics such as gross domestic product as a basis for public policy [4].

Building a fuller understanding of the impact of the environmental context on mental
health has become a priority for the global mental health research agenda [5,6]. Numerous
recent reviews evidence the importance of the environment for mental health through
impacts associated with, for example, climate change [7] and related flooding events [8,9],
air pollution [10] and access to urban green space [11-13]. In the social sciences, this im-
pact is often explored via frameworks that consider both the nature experience and nature
exposure pathways linking environments with health and wellbeing [14,15]. The interplay
between an individual’s subjective experience of nature and their physiological exposure
to environmental factors such as air pollutants or positive microbiomes has led to growing
recognition of the myriad environmental drivers of mental health and wellbeing, all of
which point to a significant potential role for environmental science to contribute to the
mental health research agenda. However, our understanding of the current role of envi-
ronmental science, as opposed to environmental factors or determinants, in mental health
research is limited. There is a need for clear agenda-setting for environmental science’s
future contribution to mental health scholarship.

2. Review Aim, Objectives and Research Questions (Step 1)

The aim of this scoping review was to improve our understanding of environmental
science’s role in mental health research, including mental disorders, positive wellbeing,
and conditions relating to cognitive development and decline (see Box 1 for definitions).
The objectives were to: map the existing literature addressing environmental influences
on mental health; assess the extent and form of environmental science’s contribution; and
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provide recommendations for both mental health- and environmental science-allied pro-

fessions to highlight how they may benefit from each other to further understanding of

the environment-mental health connection. A detailed review of environmental impacts
on specific mental health outcomes through a review of the results was beyond the scope
of this review because such impacts are better reviewed at a finer scale (e.g., a specific
region, environment, or mental health condition) and with different review methodolo-
gies (e.g., systematic reviews).

To achieve the aim and objectives, four questions guided the scoping review:

1.  What is the current contribution of environmental science to mental health research?
This includes consideration of the pathways by which the environment impacts men-
tal health and wellbeing, including conditions of cognitive development and decline,
and how environmental science has been leveraged to understand these pathways or
impacts;

2. What are the current research designs and methodological approaches being used in
environmental science and mental health research?

3. How does the relationship between environmental science and mental health re-
search relate to existing evidence linking mental health and wellbeing to demo-
graphic, social, economic, and genetic determinants?

4. What are the evidence gaps and opportunities for the contribution of environmental
science to mental health research?

Box 1. Concepts and definitions used for the scoping review.

Mental health

The World Health Organization (WHO) defines health as “a state of complete physical,
mental and social wellbeing and not merely the absence of disease or infirmity” [16]. In
this paper, mental health is therefore conceptualised as incorporating aspects of positive
wellbeing (see below) as well as the presence or absence of a mental illness or disorder.
We also expand the scope of mental health, for the purposes of the review, to encompass
conditions relating to cognitive development (e.g., autism, attention deficit hyperactivity
disorder) and decline (e.g., dementia) following, e.g., [5].

Wellbeing

Wellbeing is conceptualised here as a subjectively experienced positive mental state con-
sisting of two components, hedonic (i.e., pleasure, enjoyment) and eudaimonic (i.e., pur-
pose in life, personal growth) [17-19]. Definitions of wellbeing focused on the objective
indicators of quality of life, such as income (e.g., [20]), are excluded. Wellbeing is differ-
entiated from mood; mood pertains to short-lived and fluctuating affective states, whereas
wellbeing is assessed as a global state or aggregate of affective states over a given period
of time (e.g., a week, a month) [21].

Environmental science

This refers to scientific fields focusing on the study of physical, chemical, and biological
processes in the natural environment [22]. The term includes (but is not restricted to) dis-
ciplines such as ecology, geology, physical geography, hydrology, geomorphology, plant
science, soil science, zoology, environmental chemistry, oceanography, meteorology, and
climatology.

Determinants of (mental) health

In referring to determinants of health, we consider the broad range of biological (including
genetic), psychological, social, and environmental factors that may influence human
health, drawing on a number of conceptual models of health [23-26]. In relation to the role
of environmental science, the natural environment (comprising air, water, land, and
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habitats) and the global ecosystem (incorporating climate change and biodiversity) deter-
minants, as highlighted in Barton and Grant’s [25] Health Map, are our focus in this paper.

Pathways of impact

We conceptualise the pathways by which the environment impacts mental health accord-
ing to the DPSEEA (Drivers, Pressures, State, Exposure, Effect, and Actions) framework
([27], modified by [28,29] to include experiences). This framework elaborates a causal
chain by which an environmental state (e.g., natural resources, natural hazards, pollution)
results in an effect on health (in terms of wellbeing, morbidity, or mortality) via exposure
or experience by humans occurring within a wider social, economic, and environmental
context.

3. Methods
3.1. Querview

Varied evidence review methodologies exist, each with distinct aims and guidance
[30]. According to Munn and colleagues [31], these can range from systematic reviews, a
process for reviewing and appraising the evidence based on a limited, focused question,
to scoping reviews, which instead aim to address broad research question(s) with the pur-
pose of consolidating the evidence to determine types of available evidence, methodolog-
ical/conceptual trends, and knowledge gaps that should be addressed in future studies,
particularly where the topic is one that is interdisciplinary. As such, a scoping review was
the appropriate methodology to achieve the aims and objectives of this study [32]. Scoping
reviews do not include assessment of the quality of the evidence or risk of bias in pub-
lished findings [33,34], which are relevant to systematic reviews and are outside the pa-
rameters of this review.

Scoping reviews follow a rigorous 6-step process [32,35-37]. Step 1 involves identi-
fying the research question(s) and was presented in the introduction. Steps 2 (identifying
relevant studies), 3 (study selection), and 4 (charting the data) are presented in this section.
Step 5 (collating, summarizing, and reporting the results) follows in the results section,
which also involved Step 6 (consultation with experts on the summary findings).

3.2. Identification of Relevant Studies (Step 2)
3.2.1. Protocol

A scoping review protocol was developed with input from experts in mental health
and environmental science drawn from research, policy, and practice [32,33,35,37]. For the
full protocol, refer to the Supplementary Materials. Briefly, the protocol details the proce-
dures used to specify research questions (Step 1 detailed above) and the identification of
data sources, study selection and inclusion criteria, and data charting (Steps 2—4).

3.2.2. Inclusion/exclusion criteria

English-language peer-reviewed and grey literature were reviewed. Publication
dates were limited to between January 2010 and August 2020 to capture current research
directions up to the emergence of the COVID-19 pandemic (allowing for some lag time in
publication). To ensure a focus on human mental health, only studies conducted with hu-
man participants were included; those reporting non-human findings were excluded.

3.2.3. Information sources and search strategy

Searches for the relevant literature were carried out in the Web of Science (all data-
bases, selected for the breadth of publications across the social sciences), PubMed (to tar-
get mental health-specific publications), and the British Library (to identify grey litera-
ture). To identify government reports, the research portals of the European Union (EU),
the United Kingdom (UK), and the devolved governments of England, Scotland, Wales,
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and Northern Ireland were also searched for the term “mental health”. Environmental
science was considered in terms of physical, chemical, and biological processes in the nat-
ural environment ([22]; Box 1). The WHO's [16] definition of mental health was used (see
Box 1). An initial set of keywords drawing on the various environmental domains (air,
water, land, habitats, biodiversity, climate change) that influence health were developed
by the project team (MR, KC, MC, AE, KNI). This process was guided by Barton and
Grant’s [25] Health Map of the wider determinants of human health. The initial set of
keywords was validated and refined in a series of interdisciplinary workshops with ex-
perts from mental health and environmental science disciplines and further refined
through preliminary searches on the Web of Science (see Supplementary Materials for full
details). Keywords (Table 1) were searched in the title, abstract, and author-assigned key-
words in the Web of Science (on 10 August 2020), in the title and abstract in PubMed (on 11
August 2020), and in the British Library (on 13 August 2020). We also searched the EU, UK,
and devolved government research portals for the term “mental health” (13 August 2020).

Table 1. Search strings used in the Web of Science and PubMed.

Mental Health Keywords.

Environmental Science Keywords Exclusions

flood* OR drought OR wildfire OR “bush
fire” OR “forest fire” OR landslide* OR “cli-

“mental health” OR “mental

illI*” OR “mental disorder” OR
“mental health and wellbeing”

mate change” OR “global warming” OR land-
scape OR noise OR soundscape OR pollut*

i R R
OR biodivers* OR tree* OR forest* OR wood* mice OR mouse OR rat

OR “mental wellbeing” OR ~ AND NOT *OR rodent * OR dro-

“cognitive development” OR
“cognitive decline” OR “psy-

chopatholog*”

OR wild* OR “natural environment” OR
“natural land” OR “natural space” OR “natu-
ral area” OR “air quality” OR “water quality”

OR ecosystem OR lake OR river OR coastal
OR erosion

sophila

* indicates truncation (wild-card) operator used (e.g., pollut* will identify all terms beginning with
the sequence “pollut”, including pollution, polluting etc.).

3.3. Study Selection (Step 3)

Paper titles were screened by a single researcher (MR). Study selection began with
the removal of duplicate papers. Papers that did not include mental health or environ-
mental science, were non-human animal studies, or were review, opinion, or descriptive
papers were excluded at this stage. To ensure papers were not excluded where they may
fit the review remit, a random sample of 10% of the titles were independently screened by
a second reviewer (MC). Agreement between reviewers was tested through the Kappa
statistic, with a score of 0.92 (confidence interval 0.84-0.99, 96% agreement). This indicates
a near-perfect agreement on the acceptance of papers [38]. Papers that were not agreed
upon were retained and included in the next stage of screening. Given the near-perfect
agreement on acceptance, duplicate screening was not carried out at any further stage.

The remaining papers were screened by the abstract (MR). The final assessment of
papers for eligibility occurred during the charting process (Step 4), and any remaining
ineligible papers were removed following discussion between the charting team (MR, KC,
MC, KNI).

Review Papers

To avoid duplicating the work of previous reviews, at the abstract screening stage
we further excluded papers reporting studies on topics sufficiently covered by “robust”
reviews published up to August 2020. These recently published reviews were identified
during the search stage but had been excluded from the main scoping review because they
were not primary research studies. The review papers therefore follow the same inclusion
criteria as the primary data papers, in addition to “robustness”. We considered a review
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“robust” if it reported a systematic search protocol and searched at least one scientific
database and one source of the grey literature. A topic was deemed sufficiently covered
(i.e., excluded from our current scoping review) if the combined reviews on the topic: (i)
covered at least 10 years with the latest date being no earlier than 2017 (allowing for real-
istic publishing delay); (ii) had global geographic coverage; (iii) included the entire popu-
lation (e.g., not only children); and (iv) covered multiple dimensions of mental health ra-
ther than a singular named condition. This resulted in primary studies that focused on the
following topics being excluded from the main scoping review: climate change, flooding,
air pollution, and urban green space. Subsequently, any insights into environmental sci-
ence and mental health research and future research opportunities related to these four
topics presented in the results and discussion are based on a separate charting of these
robust reviews, not the individual papers contributing to them.

3.4. Data Charting and Synthesis (Step 4)

Data were charted and extracted by four authors (MR, KC, MC, KNI) and entered
into a spreadsheet designed based on recommended guidance and organised to address
the research questions (Table 2) (e.g., [35]). Empirical findings related to the effective-
ness/impact of environmental factors on mental health outcomes were not extracted be-
cause the review’s aims and objectives were concerned with how environmental science
was incorporated into mental health research and how these disciplines may benefit from
each other. Thus, the focus was on furthering understandings of disciplinary connections
rather than the impacts of the environment on mental health per se.

With regards to the first research question presented in Table 2 (What is the current
contribution of environmental science to mental health research?) it is worthy to note that when
considering the “interaction between environmental science and mental health” we used
the four categories identified by Huutoniemi et al. [39]. These include and are defined as:
(i) Composite multidisciplinary —expertise in different fields combined, but research is
still modular, “outsourcing” of part of a research project to use methods from another
discipline but still framed within a single discipline; (ii) Empirical interdisciplinarity —
integration of empirical data from multiple disciplines to answer a question about the re-
lationship between both disciplines; (iii) Methodological interdisciplinarity —combining
and integrating methods to suit the interdisciplinary nature of the question; (iv) Theoret-
ical interdisciplinarity —synthesis of concepts, models, or theories from multiple disci-
plines, forming an interdisciplinary theory.

Table 2. Data charted by research question.

Research Question Data Extracted
Environmental science topic
Mental health area
Interaction between environmental science
What is the current contribution of envi- and mental health !

ronmental science to mental health re- Measures (e.g., mean temperature, presence
search? of oil spill, and prescription rates)

Geographic location of study

Study population characteristics (e.g., pop-
ulation, study sample size)

Methods (e.g., rainfall records, self-report

What are the current research designs and questionnaire)
methodological approaches being used in ~ Study design (lab, field, and secondary
environmental science-mental health re- data)
search? Analysis (e.g., regression, ANOVA, and

content analysis)
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How does the relationship between envi-
ronmental science and mental health re-
search relate to existing evidence linkin:
& . & Additional determinants/variables
mental health and wellbeing to demo-
graphic, social, economic, and genetic de-

terminants?

What are the evidence gaps and opportu-
nities for the contribution of environmen- Future research suggested by study authors

tal science to mental health research?
1. Categories for defining interactions between disciplines are based on [39].

The identified environmental science topics were grouped (MR) into broader themes
of similar topics within studies (e.g., “natural disaster” included hurricanes and earth-
quakes). Included studies were further clustered (MR) by similar methods. For example,
rainfall records and water pollution records became “secondary spatial data”, direct
measurements of ozone and noise became “environmental measurement”. Mental health
outcomes were grouped into the WHO's International Statistical Classification of Diseases
and Related Health Problems, 10th revision (ICD-10; [40]). This enabled the charted data
to be summarised and for patterns to be identified both within and between environmen-
tal science themes and mental health areas.

Reviews

Reviews of studies on climate change, flooding, air pollution, and urban green space
were charted and extracted separately after the synthesis of the scoping review papers.
As such, data from the review papers were extracted specifically regarding each research
question directly, utilising categories developed through the main scoping review (e.g.,
how the paper described mental health methods) and a narrative description. This ap-
proach recognises that review papers present data differently from those reporting pri-
mary results.

4. Results (Step 5) Including Expert Consultations (Step 6)

Results are presented beginning with overall search results and then by research
question. The main body of the results refers to the results found from our scoping review,
with further insights from the existing reviews on climate change, flooding, air pollution,
and green space included at the end.

4.1. Search Results

The flowchart in Figure 1 illustrates the screening process undertaken in the scoping
review. From the initial 2776 unique papers identified, 202 were included in the final main
scoping review. Twenty-six review papers were also considered on the topics of climate
change, flooding, air pollution, and urban green space.
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Initial search through databases:
PubMed = 2022

Web of Science = 1975

British Library =9

UK Government =4

Mo reports in EU, Scottish, Welsh, or
Morthern Ireland research portals
identified

Y

Records screened by title = 2776

h A

Y

Removed before screening:
Duplicates = 1234

Excluded based on title = 1274

{(mental health as context only = 328;
environmental science as context only = 1036;
non-human animal studies = 30; review,
opinion or descriptive = 156)

Records screened by abstract = 1502

Y

h 4

Excluded based on abstract =727

(mental health as context only = 174;
environmental science as context only = 548;
non-human animal studies = 2; conference
abstract = 2; historical = 3)

Records sought for retrieval = 265

L J

Excluded based on existing recent review =
181

(climate change = 35; flooding = 75; air
pollution = 98; urban green space = 121)

Y

Full text assessed for eligibility = 255

h A

Total studies included in scoping
review = 202

Y

Inaccessible records = 10

Excluded based on full text screening = 53
(Including 18 non-English documenis)

Review papers included = 26

Figure 1. Screening record of scoping review and review papers. Review papers were excluded from
the scoping review but retained for separate consideration where they concerned climate change,
flooding, air pollution, and urban green space.

4.2. What Is the Current Contribution of Environmental Science to Mental Health Research?

Five core environmental science themes related to mental health research were iden-
tified: natural disasters, noise, chemical pollution, natural environments, and meteorolog-
ical conditions (Table 3). There was high variability in the number of papers identified
between themes. Within some themes, there was a dominance of one sub-theme (e.g.,
wildfires were the most prevalent type of natural disaster). We have reported on these
sub-themes separately to prevent overshadowing the other papers within the core theme.
Table 3 also incorporates the four review themes: climate change, flooding, air pollution,

and urban green space.
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Table 3. Themes within which environmental science contributes to mental health research.

B 2 . of
Theme (Sub-Theme) arton and (-;rant[ Al Description No. 0
Domains Papers
From scoping review
Natural disasters Air, climate change, A catastrophic natural event (e.g., hurricane, drought, land- 50
(general) land, and water slide), excluding fire.
Natural disast Climate ch d
a 1(1;?1 d ;Z? ers tma elznznge an A specific type of natural disaster caused by fire. 20
Noise n/a Natural or anthropogenic noise. 36
Pollution (general) Air, land, and water Chemical additions to environment, excluding oil spills. 19
Pollution (oil spill) Water Chemical addition to environment in form of oil spill. 14
Natural environ-  Biodiversity, land, natu- Environr.nents containing natural f.eartures, although may
_ have varied levels of anthropogenic influences (e.g., agri- 32
ments ral habitats, and water

cultural land).

Typical weather conditions experienced seasonally,

hl il h as fl ions in humidi in-
Meteorological condi- Air, climate change, and monthly to daily such as fluctuations in humidity and rain

. fall, except temperature. More intensive storm and rainfall 7
tions (general) water

events (e.g., Typhoons, hurricanes) were covered in Natural
disasters ! (general).

Meteorological condi-
tions (temperature)

Typical temperature conditions experienced seasonally,

1
monthly to daily. 6

Air and climate change

From reviews

Climate Change Climate change Change in global or regional climate conditions n/a?

Water and climate

Flooding S

Inundation of normally dry land by large volumes of water n/a 2

Air pollution Air Chemical additions to the atmosphere n/a?

Land, natural habitats, Natural environments in urban areas, predominately pub-

el . . . n/a?
and biodiversity licly accessible spaces

Urban green space

Note. Papers may appear in more than one category if they study multiple themes (e.g., the impacts
of pollution and noise on general mental health). 1. We recognise that “natural disaster” may overshadow
the human element associated with these events [41] however, we have chosen to use the term “natural
disaster” throughout as we believe it to be widely recognised across disciplines. 2. n/a = Not applicable—
these themes were the subject of previously published review articles and so were not included in the
main scoping review (review papers are reported in Sections 4.2.1, 4.3.1 and 4.4.1).

The most basic contribution of environmental science to mental health research was
the identification of either the presence or absence of an environmental state (Figure 2).
This measurement of the presence of an environmental state itself, rather than an environ-
mental exposure to that state, arguably better demonstrates a lack, rather than an involve-
ment, of environmental science (i.e., the environment is simply present or not; it has not
been further measured). This presumption of exposure based on the presence of an envi-
ronmental state was the principal contribution of environmental science to research on
natural disasters” impacts on mental health and the only measure applied in the most
common natural disaster considered, wildfire. Presumed exposure based on environmen-
tal state was also applied in chemical pollution research, including oil spills.

In natural disaster research, studies quantifying exposure predominantly used self-
reported exposure with little environmental science input (Figure 2). Self-report measures
were also used to assess noise [42-49], chemical pollution including oil spills [50-57], and
temperature [58].

Several studies used secondary environmental data; these studies benefited from ex-
isting environmental science expertise despite the collection of environmental science data
not being part of the study itself. Secondary data were used in all studies of the effects of
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High level of

contribution from

meteorological conditions, including temperature, on mental health [59-61]. Secondary data
were also used in measuring exposure to natural environments, assessing proximity to an en-
vironment type identified using land cover or land use classifications [62-64] (Figure 2).
There was a lack of primary environmental science data incorporated into studies.
The few studies that did included drought impacts on mental health [65-68], in contrast
to the other natural disaster topics that considered only the presence or absence of disas-
ter. Another environmental measurement included was the impact of noise on mental
health [42,43,69-74]. In pollution studies, chemical agent exposures were estimated, and
oil spill characteristics have also been measured to quantify the extent of exposure. Expo-
sures to pollen have additionally been examined in relation to mental health [75].
Mathematical modelling of environmental states was directly produced in only a few
studies. These included studies modelling noise levels to estimate the impact on mental
health [76-80] and another that modelled the exposure to chemical pollutants [81].

Environmental science Themes
contribution

Noise

Environmental modelling Chemical pollution

environmental science

Natural disasters (general)

Primary environmental science Noise
data collection Chemical pollution (general and
oil spill)

Meteorological conditions
Secondary environmental data (general and temperature)
Natural environments

Natural disasters (general)
Noise

Chemical pollution (general and
oil spill)

Meteorological conditions
(temperature)

Self-reported exposure

Natural disasters (general and

Presence/Absence of wildfire)
Low level of environmental condition Chemical pollution (general and
contribution from oil spill)

environmental science

Figure 2. Varied levels of contributions of environmental science to mental health research. Arrow
indicating the extent to which the environmental part of the study had contributions from environ-
mental science.

We categorised the mental health aspects of papers into those considering general
mental health and wellbeing, those linked to mental health disorders classified in the ICD-
10 [40], and those related to cognitive development or decline (Table 4). The highest num-
ber of papers considered general mental health. The most studied disorders were mood
disorders (predominantly depression) and neurotic disorders (predominantly anxiety).
Cognitive development and cognitive decline were the subjects of few studies (Table 4).
Environmental science themes in relation to mental disorders were inconsistent, with dis-
orders often only studied in relation to a small number of the themes (Table 5). Cognitive
development and cognitive decline were most restricted in the themes within which they
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were studied, with papers on only noise and general pollution for development and nat-
ural disasters and meteorological conditions for decline (Table 5).

Table 4. Mental health research areas covered in our scoping review. Mental health disorders were
categorised and defined in accordance with the International Classification of Diseases and Related
Health Problems, 10th revision (ICD-10; [40]) and cognitive development and decline [82].

Mental Health 0y 10 Classification Definition No. of
Area Papers
G 1 tal
enijalirlllen @ NA Day-to-day mental health, not linked to specific disorder. 100
i e ctivel . o 1
Wellbeing NA Conceptualised as a subjectively experienced positive mental state o7
(see Box 1).
Schizophrenia . . . g
. Including chronic, acute, and transient psychotic disorders, of
and delusional F20-F29 ) . . ) . 3
. which schizophrenia is the most prominent disorder.
disorders
Disorders in which the fundamental disturbance is a change in af-
Mood disorders F30-F39 fect or mood to depression (with or without associated anxiety) or 56
to elation.
Neurotic disor- Include anxiety, stress, obsessive-compulsive disorder, and dissoci-
F40-F48 . . 30
ders ative disorders.
Conditions and behaviour patterns of clinical significance which
. F50-F69 . . 3 Res
Behavioural and tend to be persistent and appear to be the expression of the individ- 4
disorders F90_F98 ual’s characteristic lifestyle and mode of relating to themselves and
others. Including sleep, eating and sexual disorders.
Substance abuse F10-F19 Disorders attributable to the use of one or more psychoactive sub- 8
stances.
Disorders of
adult personal- Severe disturbances in the personality and behavioural tendencies
. F60-F69 o TRr 0
ity and behav- of the individual.
iour
Mental . . .
) F70-F79 A condition of arrested or incomplete development of the mind. 0
retardation

Disorders of
psychological
development

Disorder with onset during infancy or childhood involving impair-
F80-F89 ment or delay in development of functions that are strongly related 0
to biological maturation of the central nervous system.

Suicide or self-

harm X60-X84 Purposefully self-inflicted poisoning or injury. 7

Cognitive NA Development of knowledge acquisition and application. Including 7
development memory, problem solving, reasoning, and executive function.

Cognitive NA Decline of knowledge acquisition and application. Including 5
decline memory, problem solving, reasoning, and executive function.

Note. Papers may appear in more than one category if they studied multiple themes (e.g., the im-
pacts of pollution on general mental health and depression). Note that papers reporting studies on
climate change, flooding, air pollution, and urban green space were assessed via charting and ex-
traction of review articles considering these topics and are not included here (review papers are
reported in Sections 4.2.1, 4.3.1 and 4.4.1).
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Table 5. Number of papers identified through scoping review by environmental science theme and
mental health area.

g é s g L. B ~ = 2 ¢
= — = ) @ 8 »n v @ v
ss 3, Z3F 2.8, ZE f3 e ff i
Theme (Sub-Theme) -5 E 2 % 5 R 5 2 & 55 %3 - 2 & EE
EX 57 RAg B° g§° Eg2 S8 mI ®PT ET
c 5 % < A § = 2 ] n 3 o 5 ¥
3 S ® 5 Z 3 R O
1di -
Natural disasters (gen )8 0 0 16 19 4 3 4 0 1
eral)
Natural diéasters (wild- 9 3 1 1 15 1 3 5 0 0
fire)

Noise 19 1 0 12 9 3 0 3 1 0
Pollution (general) 5 1 1 5 3 1 1 2 7 0
Pollution (oil spill) 5 3 0 7 8 0 0 2 0 0

Natural environments 15 7 0 10 10 1 0 0 0 0
logical i-
Mete'oro ogical condi 5 0 5 5 1 0 0 1 0 0
tions (general)
Met logical condi-
eteorological condi 1 1 1 3 3 0 1 1 0 1

tions (temperature)

Note. Categories are not exclusive, and one paper may cover more than one environmental science
theme or mental health area. Review papers are reported in Sections 4.2.1, 4.3.1 and 4.4.1.

The regional geographic distribution of the scoping review studies showed that these
were mainly conducted in North America (predominantly the USA), Asia (predominantly
China), or Europe (not limited to the EU) (Figure 3), though again there is variation across
environmental science themes. The natural disasters papers had a wide geographic scope,
though study sites in Africa were notably lacking. When looking specifically at wildfires,
North American study sites dominated. Noise research has been focused on within Eu-
rope. Chemical pollutant studies cover both Asia and North America, with oil spill re-
search dominated by studies investigating the Deep Horizon spill in the USA. Studies on
natural environments were mainly situated in Europe. Meteorological conditions exclud-
ing temperature were studied mainly in North America and Asia, with temperature hav-
ing broad geographic coverage.
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Sources: Esri, HERE, Garmin, FAQ, NOAA, USGS, © OpenStreetMap contributors, and the GIS User Community

Figure 3. Study location by site of research. A single study may have sites in more than one location.
This map does not include review papers.

4.2.1. Evidence from Reviews (Climate Change, Flooding, Air Pollution, Urban Green Space)

Insight about the themes of climate change, flooding, air pollution, and urban green
space was drawn from our synthesis of recently published reviews (Table 6). Studies with
primary environmental data or created models of the environment were more common
in research on air pollution than research on climate change or flooding. Urban green
space research employed primary environmental data, but no modelling of the environ-
ment. The level of air pollution and the area of green space were often estimated directly,
for example, through air quality sensors and land measurement, respectively. In contrast,
research on climate change or flooding predominantly featured studies with data docu-
menting the presence or absence of environmental conditions. Most reviews define cli-
mate change as a constellation of phenomena, including global warming, rising sea levels,
and increased occurrences of extreme weather conditions, but the overall impact of cli-
mate change on mental health has not been quantified. The same is true for flooding. Most
reviews did not attempt to produce a quantitative effect measure except for Braithwaite
et al. [10], who included a meta-analysis of the effect of air pollution.

Reviews on the effect of climate change have mostly focused on general mental health
and wellbeing, possibly due to a lack of available evidence (Table 6). Reviews on the effect
of flooding were primarily concerned with PTSD and suicide, while reviews on the effect
of air pollution paid special attention to cognitive function. The reviews adopted a broad
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geographic scope, although reviews discussing climate change and flooding were more
likely to limit their discussion to environmental states in a particular country or region
(Table 6).

Table 6. Scope of research covered by review papers on climate change, flooding, air pollution, and
urban green space.

Including Geographic
Review Topic Paper Years Covered Grey Sfo I; Mental Health Areas
Literature P
Depression, anxiety, psy-
Berry et al., 2011 . chosis, Post-Traumatic
Not fied Y
(83] Ot specitie ©s Global o, ess Disorder (PTSD),
and suicide
Chan et al., 2019 General mental health
’ 2000-2018 Y hi
[54] * China and PTSD
van den Bosch and
Meyer-Linden- Not specified Yes Global Depression and suicide
berg, 2019 [85]
Veenema et al., .
2017 [9] Not specified No Global General mental health
Substance abuse, depres-
H L., 201
ayes et al., 2019 2000-2017 Yes Global  sion, anxiety, PTSD, and
) [86] C
Climate change suicide
substance abuse, depres-
H d Poland
ayes and roland, 2000-2017 Yes Global sion, anxiety, PTSD, and
2018 [8] C
suicide
Ki 1., 201
may ?;;] 2019 2000 onwards Yes China General mental health
Jaakkola et al., .
1990-2017 Y 1
2018 [88] 990-20 es Canada Mental wellbeing
Patz e{ 8a91]. , 2014 2009-2014 Yes Global General mental health
Dannenberg et al., Y
f Y lobal 1
2018 [90] Not specified es Globa General mental health
Y t al., 201
usa e[ 9611] , 2015 1993-2013 Yes Global Depression and suicide
Berry et al., 2011 - Depression, anxiety, psy-
Not fied Y
[83] ot specthe ©s Global chosis, PTSD, and suicide
Chan et al., 2019 General mental health
’ 2000-201 Y i
[84] 000-2018 es China and PTSD
Veenema et al., .
2017 [9] Not specified No Global General mental health
Flooding Garcia and
Sheehan, 2016 [92] to 2015 Yes Global General mental health
Burton et al., 2016 General mental health
’ 2005-2015 Y
[93] ©  Comda and PTSD
Du et al., 2010 [94] 1998 onwards Yes Global General mental health
M ietal
ousavi €t al, to 2017 Yes Iran General mental health

2020 [95]
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SChUIte[;ZTL' 2016 2008-2014 Yes Global General mental health
Verner [G;t;]ﬂ" 2016 1990-2014 No Global General mental health
k 1, 2012
Stanke [e9t 86]1 20 20042010 No Global General mental health
van den Bosch and
Meyer-Linden- Not specified Yes Global Depression and suicide
berg, 2019 [85]
Psychiatric disorder, de-
Braithwaite et al., pression, anxiety, bipolar
2019 [10] 1974-2017 No Global disorder, psychosis, and
suicide
Tzivian et al,, 2015 3 Anx1e.t}{, mood dlz‘sord?rs,
[99] Not specified Yes Global cognition, Alzheimer’s,
and cognitive decline
B 1., 2014 ..
s e[t 1?) 0] 0 2009-2013 No Global Cognition
Air pollution — —
Cipriani et al.. 2018 Cognition, cognitive de-
P v to 2017 Yes Global cline, Alzheimer’s, and
[101] .
dementia
de Prado Bert et
2017 Y lobal iti 1
al,, 2018 [102] to 20 es Globa Cognitive development
General mental health
schizophrenia and delu-
Buoli et al. 2018 sional disorders, depres-
N 1982- 2018 Yes Global sion, anxiety, Attention
[103] . . .
Deficit Hyperactive Disor-
der (ADHD), autism, and
suicide
van den Bosch and
Meyer-Linden- Not specified Yes Global Suicide and depression
berg, 2019 [85]
Gladkikh et al.,
Green space 2019 [104] to 2018 Yes Global General mental health
Hankey and Mar- - Depression, anxiety, and
shall, 2017 [105] Not specified Yes Global cognitive decline
Kabisch, 2019 [12] 2013 onwards No Global ~ Ceneralmental health

and wellbeing

4.3. What Are the Current Research Designs and Methodological Approaches Being Used in

Environmental Science-Mental Health Research?

Most studies were approached from the perspective of the mental health field. Inter-
action between environmental science and mental health was largely empirical (as defined
in [39]), with environmental science data incorporated alongside mental health data at an
aggregate level but without further integrating methods. Studies were predominantly ob-
servational and considered the negative impacts of environmental factors on mental
health. The exception was natural environments; these studies used interventions to ex-
amine the effect of forest activities [106,107]. The predominance of disaster literature may
also explain the higher number of cross-sectional study designs, due to the scarcity of
longitudinal data related to unpredictable natural events.



Int. J. Environ. Res. Public Health 2023, 20, 5278 16 of 38

Studies mainly used field or secondary data. Human lab-based studies such as bi-
omarker-based investigations were rare. Across all themes, a quantitative paradigm was
primarily applied (Table 7), and regression models were the most common analysis tech-
nique. In those studies that used qualitative approaches, a range of methods were applied,
including interviews and the review of documents using thematic analysis and grounded
theory. Ethnographic, autoethnographic, and participatory research methods were also
applied, though rarely.



Int. ]. Environ. Res. Public Health 2023, 20, 5278

17 of 38

Table 7. Research approaches and analysis across environmental science themes and the mental health area. Colours indicate mental health area
groupings; dark grey squares indicate where designs and analysis have been used. Note that because they have been subject to recent reviews, climate
change, flooding, air pollution, and urban green space are not considered here but have been described in the text.
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The remainder of this section focuses on papers that used primary environmental
data or created direct models of the environment as examples of where environmental
science methods have been integrated with mental health research, thus demonstrating
methodological interdisciplinarity [39].

Direct measurements of environmental variables were the most common method for
environmental measurement and were found in drought, noise, and pollutant studies:

e Indrought studies, rainfall data were collected alone [66,67] or in combination with:
drought period [68], soil moisture [68], or water allocations [68]. These data could
also be combined to create Hutchinson’s Drought Index [65,108,109].

¢ Noise monitoring was carried out using static noise monitors at the neighbourhood
scale [69,71-74,78,110-113], recording peak and off-peak noise at varied locations to
map noise across the study sites. Participants in one study carried portable noise sen-
sors, enabling an individual noise map to be created [42].

e  Pollutant studies used standard procedures, including for water [114-116], air [117],
and chemical pollutants (e.g., arsenic, nitrate, uranium). Similar methods were used
to measure oil spill characteristics to quantify the extent of exposure, including haz-
ardous material, volume, surface area of the spill, magnitude, and dispersant volume
[118]. Only studies of chemical pollutants used biomarkers indicative of exposure level,
analysing parent compounds and their metabolites in hair and urine, to provide an
estimate of the biological dose [53,114,119-122].

Direct modelling of the environment was limited. We found modelling only of noise,
based on the physical forms of the environment and noise sources [76-80], and estimated
exposure to chemical pollutants (tetrachloroethylene) through drinking water using his-
torical maps along with leaching and transport models [81].

Regarding the mental health and wellbeing aspect of the identified research, there
was little variation in methods between those used for general mental health, wellbeing,
or identified disorders. To measure individual mental health (as opposed to population
level), self-report scales were most common and included short-form health status ques-
tionnaires such as the General Health Questionnaire-12 (GHQ-12) or the Strengths and
Difficulties Questionnaire, as well as author-developed scales. Self-report scales were also
employed for considering mental health disorders, including post-traumatic stress disor-
der, anxiety and depression, substance abuse, and suicidal thoughts. Parental reports of
children’s behaviour [43] or the Child Behaviour Checklist [123] have been used in studies
of the impacts of noise. Less common methods for measuring individual level mental
health included structured psychiatric interviews (noise: [71,124]; natural disasters: [50]),
ethnographic [125] or qualitative (oil spills: [56]) interviews.

Administrative records have been employed in population-level studies, including
hospital diagnoses, prescription data, and medical insurance data. Death records were
included in studies of suicide rates (noise: [126,127]; pollution: [117], and economic esti-
mations of disease burden have also been used in population-level studies [61,128].

Within the scoping review papers, one of the mental health research areas to which
environmental science has contributed the least is cognitive development and cognitive
decline. Cognitive development in children was investigated using clinical assessment of
cognitive functioning and motor development [53,81,114,116,120-122], or grade advance-
ment [116]. A single study of the effects of noise on cognitive development used electro-
cardiography to assess infants’ autonomic reactions to noise as a measure of cognitive
arousal [129]. Cognitive decline in elderly residents was monitored following a tsunami
in Japan through questions aimed at testing memory, orientation, and pattern recognition
[130].
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4.3.1. Evidence from Reviews (Climate Change, Flooding, Air Pollution, Urban Green
Space)

Most reviews considered studies that were empirically interdisciplinary, which is
consistent with the present scoping review. Papers included in the reviews also demon-
strated the primary collection of environmental data, particularly pollution data within
urban green spaces.

The measurement of mental health outcomes in climate change, flooding, air pollu-
tion, and urban green space varied depending on the type of the disorder. While depres-
sion and anxiety were commonly measured with self-report scales, substance abuse and
suicide were commonly measured with hospitalisation records. It was suggested that the
measurement of mental health needed to include more positive outcomes, for example
post-traumatic growth [8]. Unlike our own review, many reviews examined the effects of
environmental states on both physical health and mental health [84,90,93,94].

4.4. How Does the Relationship between Environmental Science and Mental Health Research
Relate to Existing Evidence Linking Mental Health and Wellbeing to Demographic, Social,
Economic, and Genetic Determinants?

The majority of the studies across the themes in our scoping review included one or
more demographic variables, such as gender, age, or education. The social determinants
(e.g., social class, community support) of mental health were assessed across themes, alt-
hough there was some variation in which aspects were included. Economic variables were
typically limited to employment or income, and inclusion of genetic determinants of men-
tal health was rare and considered only through family history (natural disasters: [131];
noise: [43,76,123]; pollution: [115,120]). Between themes, natural disasters and natural en-
vironments studies had the widest coverage of additional determinants, with the inclu-
sion of social, economic, demographic, and genetic determinants across studies. Pollution,
oil spills, and wildfires also include contributions from social, economic, and demo-
graphic determinants; however, the variety of variables was more limited. Meteorological
conditions, including temperature, are most limited in their consideration of additional
determinants, including only community resilience (general meteorological conditions)
and neighbourhood characteristics (temperature), in addition to demographic determi-
nants (Table 8).
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Table 8. Additional determinants are considered in studies by environmental science theme and mental health area. Colours indicate mental health
area groupings; dark grey squares indicate where determinants have been used. Note that because they have been subject to recent reviews, climate
change, flooding, air pollution, and urban green space are not considered here but have been described in the text.
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Social support (or lack thereof) can be an important determinant of mental health
[24]. Disaster research considered social support in terms of the impact of social networks
on general mental health, neurotic or mood disorders, and suicide or self-harm [109,132-
138]. Social support was also considered for noise [44] and oil spills [133]. Social cohesion
and contact [139-141] and group activities [142] were considered in studies of natural en-
vironments, often in relation to social spaces provided by natural environments. Social
support may also be relevant at a more personal level and include partner violence, as
considered in relation to natural disasters [108] and oil spills [55], or parental characteris-
tics, as considered in relation to pollution [53,122]. Professional support was also consid-
ered in one study of wildfire impacts [138].

Community-level variables can also be considered social determinants of mental
health, such as the presence of community support groups or organisations promoting
community cohesion or a sense of belonging [24]. Community-level variables were in-
cluded in a limited range of studies in this scoping review. Natural disasters typically
have an impact at the community scale, and these studies have included community re-
silience [143], community attachment [143], perceived control, and optimism [132]. Noise
research, which often involves the measuring or modelling of noise within the commu-
nity, also incorporates neighbourhood [42,45,110-112] or community [76,78,144] charac-
teristics. Village characteristics [116] and community variables [51] were also included.
Strategies for coping with environmental change can also occur at a community level and
impact individual mental health [56]. Studies focused on meteorological conditions rarely
incorporated social determinants of mental health, with only a single paper considering
community resilience [61].

Economic (or socio-economic) status can have an important influence on mental
health, including income and employment status [145,146], as well as the ability to man-
age income. Income was widely incorporated into studies, with some studies also includ-
ing more detailed measures such as changes in income [147-149], employment [149], or
the ability to manage income [108,132]. Socio-economic (dis)advantage was also consid-
ered [77,120,141,150-153].

4.4.1. Evidence from Review Studies (Climate Change, Flooding, Air Pollution, Urban
Green Space)

There was limited information about existing determinants of mental health from
previously published reviews. Review studies that were carried out at a global scale typ-
ically aimed to generate findings for policymakers and provided less detailed infor-
mation. Those studies that were carried out at the local scale were more likely to discuss
the existing socio-economic determinants of mental health, including young age [98], old
age [87], social support [89], and minority status [88]. Children and the elderly were par-
ticularly vulnerable to air pollution that could adversely affect cognitive functions, and
members of minority groups and people who lacked social support had a higher risk of
developing mental illness after natural disasters caused by climate change.

Regardless of scale, most review studies—across climate change, flooding, air pollu-
tion, and urban green space themes —agreed on the importance of future research contin-
ually monitoring the mental health conditions of vulnerable populations, including older
adults, children, and low-income workers [84,87,100]. The need to investigate mediating
factors was also acknowledged, especially in air pollution research [10,98].

5. Discussion

This scoping review and synthesis of previously published review papers identified
a large body of literature linking environmental science to mental health research; how-
ever, across the majority of studies, the direct contribution of environmental science was
limited. Two key areas of mental health research would particularly benefit from the in-
tegration of environmental science: (i) the contribution of environmental factors to the
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origins and progression of mental health diseases and disorders; and (ii) the role the en-
vironment plays in the treatment of mental health and the promotion of good public
health and mental wellbeing. A focus on both the positive and negative influences of the
environment on mental health would also be valuable.

In this section, we discuss the limitations of the current research in relation to each
research question. We develop a conceptual model to assist in addressing the final re-
search question, identifying gaps and opportunities for future research. We integrate in-
sight from our synthesis of reviews on climate change, flooding, air pollution, and urban
green space as relevant.

5.1. What Is the Current Contribution of Environmental Science to Mental Health Research?

Across the themes and sub-themes identified within the scoping review, the contri-
bution of environmental science to mental health research was limited, with studies often
only considering the presence or absence of an event/environmental state or otherwise
utilising crude measures of environmental exposure. Other previously published reviews
have found the same, calling for the precise pathways involved to be better understood,
as well as their relative importance across different timeframes [10]. Those environmental
states related to chronic exposures covered in our review (i.e., noise, drought, chemical
pollutant, oil spill) do provide some exceptions, with studies employing environmental
monitoring and modelling of the environment at different spatial scales to consider the
range of impacts (for example, see [76,77]).

Considering the studies reviewed and including those topics that have been the sub-
ject of recent reviews, the greatest opportunity for environmental science input is to de-
velop processes at the beginning of the impact pathway. While this includes the measure-
ment of environmental states and exposures that lead to mental health effects, environ-
mental science can also provide insight on the upstream drivers and pressures that lead
to changes in environmental states. Greater involvement of environmental science thus
offers the potential to embed a wider systems perspective within mental health research,
considering the drivers and pressures which lead to environmental change and shape rel-
evant policy, going beyond the narrow focus on exposure-effect relationships. Addition-
ally, greater integration of environmental science offers the opportunity to adopt more
nuanced measures of exposure to improve understanding of exposure-effect relation-
ships. We return to the issue of measurement in our discussion of methodological ap-
proaches below. There is also considerable opportunity for environmental scientists to
bring new insights through the application of existing conceptual models of socio-ecolog-
ical systems, such as the Intergovernmental Panel on Biodiversity and Ecosystem Services
(IPBES) conceptual framework [154,155] to environment-mental health research. There is
a need to move from the empirical interdisciplinarity demonstrated in the studies found
in the scoping review to methodological and theoretical interdisciplinarity [39] at this in-
terface to help inform interventions and solutions in terms of what works to address and
mitigate the negative effects identified, including a focus on how, in what contexts, and
for whom.

In light of the scoping review’s findings, we propose a conceptual model (Figure 4)
to help structure the future interdisciplinary research agenda for environmental science
and mental health. The model highlights the overlapping scope of environmental science
and the health and social sciences within an interdisciplinary socio-ecological systems ap-
proach to researching mental health. It highlights the opportunity to consider the up-
stream determinants of mental health more widely through the direct involvement of en-
vironmental scientists in research collaborations.
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Figure 4. Conceptual model of environmental science and mental health nexus, drawing on the
DPSEEA (Drivers, Pressures, State, Exposure, Effect, and Actions) framework ([27]; modified by
[28,29] to include experiences) and Barton and Grant’s [25] Health Map for the local human habitat.
This can be applied at the local to the global scale. Dotted lines indicate possible feedback loops,
which should be considered in future work.

5.1.1. Future Research Focus: Expand Geographical Scope

The contribution of environmental science to mental health research within English-
language publications in the past decade has largely occurred in North America, Europe,
and Australia, and, with the exception of China, there have been few studies conducted
elsewhere. Those themes in previously published reviews also identify geographic scope
as a limitation, including noting China as a site for further research in the case of climate
change [84]. Given the scale of ongoing environmental degradation and change globally
and differences in environmental regulations, relationships to the environment, effects of
environmental change, and cultural impacts (see, for example, reviews by [88,93], increas-
ing research funding and capacity outside of these locations provides a valuable oppor-
tunity to increase scientific understanding and develop context-relevant and appropriate
policy and innovation. Future reviews covering a wider range of languages, as well as
greater efforts to address barriers to publishing in high-impact English-language journals
(including publishing costs), would also be beneficial.

5.1.2. Future Research Focus: Increase Range of Environmental Science Areas

The results show that whilst there is a broad coverage of themes at the nexus between
the environment, environmental science, and mental health, research intensity is varied,
with natural disasters having received more focused study compared with other themes
identified in this scoping review. While there are myriad reviews of research on climate
change (e.g., but not limited to [7,8,83,87,89]), partly due to calls by the Intergovernmental
Panel on Climate Change stating that the link between climate change and mental health
has been an understudied topic of great importance [97], few of these provide guidance
on how to increase the contribution of environmental science, e.g., from presence/absence
to data-rich research. Within the natural disasters theme, studies on wildfires were prev-
alent, whereas there were few studies addressing the mental health impacts of earth-
quakes and landslides. Similarly, within the pollution theme, oil spills were a common
focus. The need to study the interconnected nature of environmental factors was also iden-
tified in previous reviews because environmental states are interconnected and do not
exist in isolation [85,105].
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5.2. What Are the Current Research Designs and Methodological Approaches Being Used in
Environmental Science-Mental Health Research?

Designs were largely observational and often used secondary data, although in some
themes (e.g., noise) field studies were also common. The analysis was predominantly
quantitative and most often involved regression analysis, though there were several qual-
itative studies. This mirrored previously published reviews on flooding [93] and air pol-
lution [10].

5.2.1. Future Research Focus: Greater Application of Experimental Research Design
Principles

A dominance of observational studies is perhaps not surprising, given that many of
the studies in which environmental science contributes to mental health research occurred
around natural disasters, oil spills, water contaminants, or meteorological conditions,
which are impossible and/or undesirable to manufacture, and focus on negative impacts
on mental health, which would be unethical to induce. Nevertheless, greater application
of the principles of experimental design (as opposed to correlational analysis) through
natural and quasi-experimental designs is necessary to improve the evidence base for
causal effects on mental health. Secondary data sources, such as large-scale social surveys
and administrative data, can prove highly valuable “before” data. There is also a signifi-
cant opportunity for more widespread inclusion of control/comparator groups not ex-
posed to environmental factors of interest, as many studies lacked appropriate counter-
factual evidence. One area where there is greater opportunity for the application of ran-
domised controlled experimental designs is in relation to the potential salutogenic effects
of nature-based interventions such as forest schools, particularly in relation to identifying
the attributes of environments that drive any observed mental health changes.

5.2.2. Future Research Focus: Draw on Environmental Science to Include Better
Measures of Exposure

Although natural disasters as a theme was most strongly represented in the scoping
review literature, this body of research was noted for having minimal environmental sci-
ence involvement. Measures of exposure were often limited (e.g., exposed vs. not ex-
posed), a result also reported in recent studies on climate change and mental health [7]. A
similar observation could be made for literature investigating pollution events such as oil
spills or water contaminants. A greater involvement of environmental scientists in devel-
oping/selecting and applying appropriate measures or indices of exposure would permit
a deeper understanding of “dose-response” relationships to be developed. “Dose-re-
sponse” relationships were first described to explain the way in which drugs interact with
the body to produce their effect at varied doses, with the understanding that this is often
non-linear [156]. Although designed originally to aid in the correct dosage of prescription
drugs, the same concept can be applied to environmental exposures and impacts on men-
tal health, that is, at what level of exposure do either positive or negative effects begin to
be seen, and how does this change as exposures are increased [157]. Such research would
improve our understanding of mental health responses to environmental change and
have practical implications for disaster recovery or the design of natural environments to
promote good mental health.

Although published after the review described here and thus not included in our
analysis, Merdjanoff and colleagues [158] provide one such suggestion for incorporating
exposures into the study of natural disasters and mental health. Studying the impacts of
Hurricane Sandy, their paper proposes a “Disaster Exposure Matrix”, which conceptual-
ises exposures as either individual or community-level, direct or indirect. Through under-
standing how individuals are exposed, the paper finds an increase in the likelihood of
developing PTSD with increasing levels of direct individual exposure but not for any level
of indirect individual or direct or indirect community exposure [158]. Examples of such
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efforts could also be drawn from studies investigating the effect of air pollution on mental
health (for a review, see [10]). There is also considerable potential for interdisciplinary
conversations drawing together environmental scientists and mental health researchers
to explore the constructs of exposure and experience (Figure 4) in their relation to mental
health. This might be particularly relevant in addressing the highlighted issues of expo-
sure measurement around natural disasters and extreme weather events, where experi-
ences of trauma and loss play an important mediating role in mental health outcomes.

5.2.3. Future Research Focus: Inclusion and Development of Mixed and Qualitative
Methods

The mixed methods paradigm offers a structured route through which to integrate
qualitative and quantitative approaches to generate a richer understanding of a research
area. Qualitative approaches help build depth and breadth of understanding, provide ho-
listic insight into an individual’s experience, and identify possible research directions for
quantitative research (e.g., [124]). These approaches can help give a holistic view of the
experiences of individuals and communities and the culturally specific aspects of mental
health and wellbeing. A mixed-methods approach could help address the challenges of
bringing different research traditions together. Such integration would call for interdisci-
plinary project teams that incorporate the social, environmental, and health sciences from
the project’s conception and the building of a shared understanding amongst team mem-
bers of the value of different types of evidence and research methods in contributing to
knowledge on the environment and mental health. On a wider scale, funders, career pro-
gression, and journal scope would also need to continue to be adapted to promote and
reward such interdisciplinary work. This type of research, alongside researchers in envi-
ronmental science and mental health domains, would allow “the key role social science
can play in a holistic and critical analysis of environment and health interactions” [159]
(p. 1) to be incorporated into studies of social-ecological interactions between the environ-
ment, environmental science, and mental health outcomes. This would enable studies to
move from empirical interdisciplinarity, which currently dominates, to theoretical inter-
disciplinarity [39].

5.2.4. Future Research Focus: Longitudinal Analysis

Most studies identified through the scoping review took a cross-sectional approach
to investigating the relationship between environment and mental health. Other previ-
ously published reviews also highlighted the predominance of cross-sectional designs in
this research area, confirming the need for more longitudinal analysis [7,60,93,102,105].
Longitudinal studies: (i) show the impact and consequences [8] of a change in environ-
mental states over time and before an exposure; (ii) allow a more nuanced understanding
of environmental exposure throughout the life course; (iii) recognise how different disor-
ders and vulnerabilities can manifest at different life stages; (iv) help understand causal
relationships and understand mental health outcomes; and (v) facilitate examination of
the complexities of multiple different types of environmental exposures and how they
interact [85]. Natural experiments offer opportunities for longitudinal studies to integrate
environmental science and mental health. The characteristics of many of the environment-
related issues considered within the identified literature (e.g., natural disasters, oil spills)
mean that understanding of pre-event mental health is limited. Investment in supporting
interaction between environmental scientists and mental health researchers in the devel-
opment of longitudinal datasets —including through improved data linkage supported by
the latest environmental science methods —may provide the opportunity to understand
the impacts of such events more fully.
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5.3. How Does the Relationship between Environmental Science and Mental Health Research
Relate to Existing Evidence Linking Mental Health and Wellbeing to Demographic, Social,
Economic, and Genetic Determinants?

In general, studies took little account of additional determinants of mental health or
the influence of wider socio-economic and political systems. The limited incorporation of
the wider context of mental health can silo the contribution of environmental science to
mental health research and restrict the applicability of findings, especially for policymak-
ers.

5.3.1. Future Research Focus: Integration of Multiple Conceptual Models

This scoping review highlighted that, overall, the range of potential confounding var-
iables included in models was somewhat limited (see also [7,10]). Related to this, there
was also limited evidence of environmental exposure perspectives being integrated with
other conceptual models of mental health (e.g., genetic or social determinants of mental
health). This highlights the scope to use conceptual models that include both environmen-
tal science and mental health theory explicitly to develop and improve our understanding
of the relationships between environmental science and mental health, the causal path-
ways involved, and to what extent these pathways interconnect [10]. For example, in the
theme of natural disasters and wildfires, greater incorporation of coping mechanisms and
other factors underpinning resilience, as well as a strengthening of the evidence base
around which interventions can help limit mental health impacts, would be valuable (also
found by [8]). Understanding would additionally be furthered by considering the physi-
ological pathways that link environmental exposures, in their broadest sense, to mental
health. The creation of conceptual models that bridge the disciplinary gap would enable
an informed consideration of the potential options for mitigation based on the physiolog-
ical adaptations achievable through mitigation of the environmental stressor and the time
and spatial scales over which impacts and adaptations occur.

5.3.2. Future Research Focus: Consideration of Socio-Economic (Political) Systems

The environmental and socio-economic (political) determinants of mental illness are
interrelated. For example, poorer neighbourhoods, whose inhabitants may have job inse-
curity or poor working conditions, are also often subjected to poor quality environments
(e.g., [124]), thereby increasing health injustice burdens. There may also be potential for
reverse causality, whereby those with worse mental health are marginalised to areas more
likely to have poorer resilience to climate change and poorer environmental states [7]. In
addition, mounting evidence suggests that neoliberal free market policies leading to,
amongst other things, income inequality, worker disempowerment, and inadequate social
systems, may be fueling increased levels of poor mental health in the United States [160].
Correlation studies demonstrate that unequal rich countries have higher prevalence of
poor mental health than more equal rich countries [161]. These same economic systems
and policies, prevalent in the global north and heavily reliant on high levels of consump-
tion and production, appear to not only negatively impact their own nation’s mental
health but also have wider environmental and social impacts (e.g., spillovers from tele-
coupling effects) on other nations, usually poorer ones in the global south [162]. This mul-
titude of wide-reaching environmental and social impacts, such as the loss of land rights
and associated livelihoods, increased flooding, wildfires, environmental pollution, and
sea-level rises, all exacerbate already existing social and environmental global injustices
and inequalities, negatively affecting human health and wellbeing. This necessitates con-
sidering the different spatial impacts on mental health and wellbeing within the nexus of en-
vironmental science and mental health research. It would also be prudent to investigate and
integrate spatial impacts with global systemic frameworks, for example, IPBES [162] and the
“doughnut of social and planetary boundaries” [163], to better incorporate societal values and
thresholds, including wellbeing, into environmental and planetary boundaries.
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5.4. What Are the Evidence Gaps and Opportunities for the Contribution of Environmental
Science to Mental Health Research?

There have been several recent reviews looking at specific aspects of environmental
science and mental health research. We have taken this work further by integrating the
findings of these theme-level reviews with an in-depth scoping review considering the
wide range of environmental science contributions to mental health, and we detail here
the recommendations for our final research question, identification of the gaps and op-
portunities for future research.

5.4.1. Future Research Focus: Considering ‘Good” Mental Health

The scoping review found limited attention paid to the ways in which environments
can support maintenance of “good” mental health or promote wellbeing as “more than
just the absence of mental disorders” [164]. There has been recent interest in maintaining
good mental wellbeing independent of or to prevent development of mental health disor-
ders [8,165,166]. The COVID-19 pandemic has highlighted the importance of maintaining
good mental health to provide resilience to personal or collective distressing events [167]
and the potential role of natural environments (e.g., [168]). Environmental science would
provide a valuable contribution in identifying environmental situations where good men-
tal health can be promoted and how the impacts of negative environmental states may be
mitigated. More work is required that focuses on specific policy objectives and interven-
tions that could help policymakers and practitioners (e.g., planners) operationalise find-
ings [105]. Such research can contribute to initiatives such as green prescribing. Research
is also needed that quantifies the costs and mental health benefits of these types of public
health strategies [93].

5.4.2. Future Research Focus: Exploring Variation between and within Communities

Different population groups include a range of socio-economic status, demographics,
and pre-existing illnesses [8,93]. This review and previous review papers have noted the
likely different mental health impacts of environmental factors on indigenous popula-
tions, displaced groups, and other marginalised populations with strong links to the land
[8,83,88,89,93], children [92], older people [98], and workers [96]. At the study level, the
often local but coarse scale of research (e.g., a single community with only minimal con-
sideration of variation in environments or exposure within the community) limits under-
standing of the impacts of exposures on different population groups (e.g., gender-dis-
aggregated analyses) and how socio-demographic factors might moderate the impact of
exposures. This limitation has also been recognised in a review of studies of climate
change and mental health [7]. Comparative, place-based analyses would help address this
gap, provide contextual understanding of results, and therefore improve the potential to
transfer results to different locations.

5.4.3. Future Research Focus: Review of Mediating Pathways

Although we have considered the broad range of environmental science, our review
has not been able to create a holistic overview of the mediating pathways by which vari-
ous environmental risks and protective factors might influence mental health. This has
been called for widely across the literature (e.g., [14,169], as well as [105]). While this
would be a significant undertaking, necessitating interdisciplinary working and substan-
tial resourcing, we anticipate that it would enable substantive advances in the contribu-
tions of environmental science to mental health research. Such research would addition-
ally promote a greater holistic understanding of health and wellbeing as proposed in Bar-
ton and Grant’s [25] Health Map, with the potential of integrating with global sustainabil-
ity “good life” conceptual models such as those developed by IPBES [155,162].
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6. Limitations

Although we searched both general (Web of Science) and health-specific (PubMed)
databases of the published literature and a range of grey literature sources, our review
may not have identified all mental health research that included environmental science,
particularly those within specialist databases (e.g., PsycInfo) or grey literature outside of
the EU. Due to the volume of literature and our desire to focus on the most up-to-date
sources of information, we limited our review to studies published after 2010 up to 2020.
Earlier work linking environmental science to mental health has therefore been excluded,
though it may provide insight into how the disciplines might interact and should be con-
sidered where specific environmental science and mental health linkages are being re-
searched. We similarly appreciate that there may be relevant insight in research published
after our census period. Given, however, the influence of the COVID-19 pandemic on the
discourse around links between the environment and mental health, we believe it is im-
portant to only include literature prior to the start of the pandemic. Our review makes an
important contribution by assessing the evidence base prior to this unprecedented natural
experiment in the environment and mental health research arena. Further, we used only
broad mental health terms and did not focus on specific disorders. While this enabled us
to map the breadth of environmental science contributions to mental health research, we
are not able to explore the details of specific disorders.

We also limited our review by excluding primary papers on environmental science
topics that had been the subject of recent reviews linked to mental health. Although sum-
maries of those review topics have been included throughout, they may contain exemplar
studies that have not been identified and may provide valuable insight into how environmen-
tal science can contribute to mental health research. An additional limitation in relation to
summarising reviews is that these did not always have the depth of information we were able
to extract from the empirical studies that formed part of the main scoping review.

7. Conclusions

The intersection of environmental science and mental health research is clearly fun-
damental, as evidenced by the over 200 papers included in this scoping review. Most of
the papers, however, had a stronger mental health focus than an environmental science
focus. One of the original contributions of this paper is the development of a conceptual
model, which provides a framework for the more substantive involvement of environ-
mental science to strengthen measurement (e.g., moving towards dose-response relation-
ships and beyond simple presence/absence of an environmental state) and facilitate a
deeper understanding of potential causal relationships. Over the past decade, there has
been a greater focus on poor mental health than on maintaining or improving good mental
health and wellbeing, with most studies limited to a single point in time. This continued
emphasis on the environmental risks and hazards for mental health is relevant for ad-
dressing global challenges, yet this focus leaves out critical insights around the benefits of
our everyday relationships with our surrounding environments. These insights are
needed to generate and evaluate environmentally focused solutions. This review has
demonstrated that environmental science indeed makes varied contributions to mental
health research. We suggest that further gains would be made through the development
of a community of practice between researchers of these specific disciplines, which in turn
could benefit mental health across populations.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ijerph20075278/s1.

Author Contributions: Conceptualization, KN.I, M.R,, A.E., K.C. and M.C.; methodology, K.N.I.,
M.R. and A.E,; validation, M.R., K.C,, M.C,, A.E.,, K.-HL,, LM.A.,, L.CB,, LB, M.D,, Z.G.D., HLF,,
CJ.G,AM,LSM, LAN, SR, PS,S.AS, SW. and KN.I; formal analysis, M.R., K.C, M.C,, K.-
H.L. and K.N.L; investigation, M.R.; resources, K.N.L; data curation, M.R.; writing —original draft



Int. J. Environ. Res. Public Health 2023, 20, 5278 31 of 38

References

preparation, M.R,, K.C,, M.C,, AE,, K.-H.L. and K.N.I; writing—review and editing, M.R., K.C.,
M.C, AE,K-HL,LMA,LCB,1B,MD., ZGD., HLF, CJ].G., AM, 1LSM., L AN, SR, P.S.,
S.A.S.,, SW. and K.N.L; visualization, M.R., K.C., M.C,, AEE.,, K.-H.L.,, LM.A,, L.C.B,, LB, M.D,,
Z.G.D, HLF, CJ.G, AM, ISM,, L.AN, SR, P.S, S.AS,, SW. and K.N.I; supervision, K.N.L;
project administration, K.N.I; funding acquisition, KN.I, M.R.,, A.E., K.C. and M.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This scoping review was funded through a project commissioned by the UK’s Natural
Environment Research Council (NERC; NE/M005410/2), as part of UK Research and Innovation
(UKRI), and managed under the Valuing Nature Programme. The funders commented on an initial
draft of the study protocol but had no role in data collection and analysis, decision on where to
publish, or preparation of the manuscript. Manuscript development and publication was further
supported by Scottish Government Rural and Environment Science and Analytical Services Divi-
sion, Strategic Research Programmes 2016-2121 (RD3.4.3 Landscapes and Wellbeing) and 20222027
(JHI-Cé6: Reciprocal Care for Nature and Wellbeing; JHI-D4-1: People and Nature). The contribution
of L.M.A. was supported by the Scottish Government Rural and Environment Science and Analyti-
cal Services Division, Strategic Research Programme 2016-21 (Theme 2: Sustainable Land Manage-
ment and Rural Economies). L.B. was funded by UKRI Engineering and Physical Sciences Research
Council Water Resilient Cities project (grant number EP/N030419/1). I.B. was supported by a Na-
tional Institute for Health Research (NIHR) Academic Clinical Fellowship and a Doctoral Clinical
Fellowship (DRF no. 302216). M.D. and Z.G.D. were funded by the European Research Council
(ERC) under the European Union’s Horizon 2020 research and innovation programme (Consolida-
tor Grant No. 726104). H.L.F. was supported by the Economic and Social Research Council (ESRC)
Centre for Society and Mental Health at King’s College London (ES/S012567/1). 1.S.M. was sup-
ported by the NIHR Health Protection Research Units in Environmental Exposures and Health, and
Chemical and Radiation Threats and Hazards, a partnership between the UK Health Security
Agency and Imperial College London. L.A.N. was supported by NERC (NE/R009236/1). The work
of S.R. was supported by NERC award number NE/R016429/1 as part of the UK-SCAPE programme
delivering National Capability. The views, interpretations, and conclusions in the article are those
of the authors and not necessarily those of NERC or other funders supporting author’s involvement
or entities with whom authors are affiliated.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Research Ethics Committee (REC) of the James Hutton Insti-
tute (REC Reference 12/2020, 20 July 2020).

Informed Consent Statement: Informed consent was obtained from all individuals involved in the
expert workshops associated with this review.

Data Availability Statement: Data associated with this review are available in the Supplementary
Materials.

Conflicts of Interest: The authors declare no conflict of interest.

Acknowledgments: We wish to acknowledge the two reviewers for their thoughtful comments. We
wish to thank the following individuals for their contribution to the expert workshop: Scott Mac-
Pherson, George Morris, Lisa Page, Tara Quinn, Melody Rhydderch, Ben Wheeler, Zulin Zhang.

1. Bache, I; Reardon, L.; Anand, P. Wellbeing as a Wicked Problem: Navigating the Arguments for the Role of Government. .
Happiness Stud. 2015, 17, 893-912. https://doi.org/10.1007/s10902-015-9623-y.

2. Rehm, J,; Shield, K.D. Global Burden of Disease and the Impact of Mental and Addictive Disorders. Curr. Psychiatry Rep. 2019,
21, 10. https://doi.org/10.1007/s11920-019-0997-0.

3. World Health Organization. Green and Blue Spaces and Mental Health: New Evidence and Perspectives for Action. Copenha-
gen, WHO Regional Office for Europe. 2021. Available online: https://www.euro.who.int/en/publications/abstracts/green-and-
blue-spaces-and-mental-health-new-evidence-and-perspectives-for-action-2021 (accessed on 27 July 2021).

4. Jain, M.; Sharma, G.D.; Mahendru, M. Can I Sustain My Happiness? A Review, Critique and Research Agenda for Economics
of Happiness. Sustainability 2019, 11, 6375. https://doi.org/10.3390/su11226375.

5.  Collins, P.Y.; Patel, V.; Joest], S.S.; March, D.; Insel, T.R.; Daar, A.S.; Bordin, I.A.; Costello, E.J.; Durkin, M.; Fairburn, C.G; et al.
Grand challenges in global mental health. Nature 2011, 475, 27-30. https://doi.org/10.1038/475027a.



Int. J. Environ. Res. Public Health 2023, 20, 5278 32 of 38

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Patel, V.; Saxena, S.; Lund, C.; Thornicroft, G.; Baingana, F.; Bolton, P.; Chisholm, D.; Collins, P.Y.; Cooper, ].L.; Eaton, J.; et al.
The Lancet Commission on global mental health and sustainable development. Lancet 2018, 392, 1553-1598.
https://doi.org/10.1016/s0140-6736(18)31612-x.

Massazza, A.; Teyton, A.; Charlson, F.; Benmarhnia, T.; Augustinavicius, J.L. Quantitative methods for climate change and
mental health research: Current trends and future directions. Lancet Planet. Health 2022, 6, e613—e627.
https://doi.org/10.1016/s2542-5196(22)00120-6.

Hayes, K.; Poland, B. Addressing Mental Health in a Changing Climate: Incorporating Mental Health Indicators into Climate
Change and Health Vulnerability and Adaptation Assessments. Int. ]. Environ. Res. Public Health 2018, 15, 1806.
https://doi.org/10.3390/ijerph15091806.

Veenema, T.; Thornton, C.; Lavin, R.P.; Bender, A K;; Seal, S.; Corley, A. Climate Change-Related Water Disasters’ Impact on
Population Health. J. Nurs. Sch. 2017, 49, 625-634. https://doi.org/10.1111/jnu.12328.

Braithwaite, I.; Zhang, S.; Kirkbride, J.B.; Osborn, D.P.; Hayes, J.F. Air pollution (particulate matter) exposure and associations
with depression, anxiety, bipolar, psychosis and suicide risk: A systematic review and meta-analysis. Environ. Health Perspect.
2019, 127, 126002. https://doi.org/10.1289/EHP4595.

Collins, R.M.; Spake, R.; Brown, K.A.; Ogutu, B.O.; Smith, D.; Eigenbrod, F. A systematic map of research exploring the effect
of greenspace on mental health. Landsc. Urban Plan. 2020, 201, 103823. https://doi.org/10.1016/j.landurbplan.2020.103823.
Kabisch, N. The Influence of socio-economic and socio-demographic factors in the association between urban green space and
health. In Biodiversity and Health in the Face of Climate Change; Marselle, M., Stadler, J., Korn, H., Irvine, K., Bonn, A., Eds,;
Springer: Cham, Germany, 2019; pp. 91-119. https://doi.org/10.1007/978-3-030-02318-8.

Kondo, M.C.; Fluehr, ].M.; McKeon, T.; Branas, C.C. Urban Green Space and Its Impact on Human Health. Int. . Environ. Res.
Public Health 2018, 15, 445. https://doi.org/10.3390/ijerph15030445.

Marselle, M.R.; Hartig, T.; Cox, D.T.; de Bell, S.; Knapp, S.; Lindley, S.; Triguero-Mas, M.; Bohning-Gaese, K.; Braubach, M.;
Cook, P.A,; et al. Pathways linking biodiversity to human health: A conceptual framework. Environ. Int. 2021, 150, 106420.
https://doi.org/10.1016/j.envint.2021.106420.

Wilkie, S.; Davinson, N. The impact of nature-based interventions on public health: A review using pathways, mechanisms and
behaviour change techniques from environmental social science and health behaviour change. J. Br. Acad. 2021, 9, 33-61.
World Health Organization. World Health Organization Constitution. In Proceedings of the International Health Conference,
New York, NY, USA, 19-22 July 1946.

Ryff, C.D. Happiness is everything, or is it? Explorations on the meaning of psychological well-being. J. Personal. Soc. Psychol.
1989, 57, 1069-1081. https://doi.org/10.1037/0022-3514.57.6.1069.

Ryan, R.M.; Deci, E.L. On Happiness and Human Potentials: A Review of Research on Hedonic and Eudaimonic Well-Being.
Annu. Rev. Psychol. 2001, 52, 141-166. https://doi.org/10.1146/annurev.psych.52.1.141.

Keyes, C.L.M.; Annas, J. Feeling good and functioning well: Distinctive concepts in ancient philosophy and contemporary sci-
ence. J. Posit. Psychol. 2009, 4, 197-201. https://doi.org/10.1080/17439760902844228.

Dasgupta, P.; Weale, M. On measuring the quality of life. World Dev. 1992, 20, 119-131. https://doi.org/10.1016/0305-
750x(92)90141-h.

Kim-Prieto, C.; Diener, E.; Tamir, M.; Scollon, C.; Diener, M. Integrating The Diverse Definitions of Happiness: A Time-Sequen-
tial Framework of Subjective Well-Being. ]. Happiness Stud. 2005, 6, 261-300. https://doi.org/10.1007/s10902-005-7226-8.

Natural Environment Research Council. 2021. Available online: https://nerc.ukri.org/research (accessed on 27 July 2021).
Engel, G.L. The Need for a New Medical Model: A Challenge for Biomedicine. Science 1977, 196, 129-136.
https://doi.org/10.1126/science.847460.

Dahlgren, G.; Whitehead, M. Policies and Strategies to Promote Social Equity in Health; Institute for Futures Studies: Stockholm,
Sweden, 1991.

Barton, H., Grant, M. A health map for the local human habitat. Perspect. Public Health 2006, 126, 252-253.
https://doi.org/10.1177/1466424006070466.

Pineo, H. Towards healthy urbanism: Inclusive, equitable and sustainable (THRIVES)— An urban design and planning frame-
work from theory to praxis. Cities Health 2020, 6, 974-992. https://doi.org/10.1080/23748834.2020.1769527.

Corvalan, C.; Briggs, D.J.; Kjellstrom, T. Development of environmental health indicators. In Linkage Methods for Environment
and Health Analysis: General Guidelines; Briggs, D., Corvalan, C., Nurminen, M., Eds.; UNEP, USEPA and WHO: Geneva, Swit-
zerland, 1996.

Morris, G.P.; Beck, S.A.; Hanlon, P.; Robertson, R. Getting strategic about the environment and health. Public Health 2006, 120,
889-903. https://doi.org/10.1016/j.puhe.2006.05.022.

Reis, S.; Morris, G.; Fleming, L.E.; Beck, S.; Taylor, T.; White, M.; Depledge, M.H.; Steinle, S.; Sabel, C.E.; Cowie, H.; et al. Inte-
grating health and environmental impact analysis. Public Health 2015, 129, 1383-1389. https://doi.org/10.1016/j.puhe.2013.07.006.
Garrity, C.; Stevens, A.; Gartlehner, G.; King, V.; Kamel, C. Cochrane Rapid Review Methods Group to play a leading role in
guiding the production of informed high-quality, timely research evidence syntheses. Syst. Rev. 2016, 5, 184.

Munn, Z.; Peters, M.D.].; Stern, C.; Tufanaru, C.; McArthur, A.; Aromataris, E. Systematic Review or Scoping Review? Guidance
for Authors When Choosing between a Systematic or Scoping Review Approach. BMC Med. Res. Methodol. 2018, 18, 143.
Levac, D.; Colquhoun, H.; O’'Brien, K.K. Scoping studies: Advancing the methodology. Implement. Sci. 2010, 5, 69.
https://doi.org/10.1186/1748-5908-5-69.



Int. J. Environ. Res. Public Health 2023, 20, 5278 33 of 38

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Peters, M.D.; Godfrey, C.M.; Khalil, H.; McInerney, P.; Parker, D.; Soares, C.B. Guidance for conducting systematic scoping
reviews. Int. |. Evid. Based Healthc. 2015, 13, 141-146. https://doi.org/10.1097/XEB.0000000000000050.

Munn, Z.; Dias, M.; Tufanaru, C.; Porritt, K.; Stern, C.; Jordan, Z.; Aromataris, E.; Pearson, A. The “quality” of JBI qualitative
research synthesis: A methodological investigation into the adherence of meta-aggregative systematic reviews to reporting
standards and methodological guidance. JBI Evid. Synth. 2021, 19, 1119-1139. https://doi.org/10.11124/]BIES-20-00364.

Arksey, H.; O'Malley, L. Scoping studies: Towards a methodological framework. Int ]. Soc. Res. Methodol. 2005, 8, 19-32.
https://doi.org/10.1080/1364557032000119616.

Westphaln, K.; Regoeczi, W.; Masotya, M.; Vasquez-Westphaln, B.; Lounsbury, K.; McDavid, L.; Lee, H.; Johnson, J.; Ronis, S.
From Arskey and O’Malley and Beyond: Customizations to enhance a team-based, mixed method approach to scoping review
methodology. Methods X 2021, 8, 101375. https://doi.org/101.1016/j.mex.2021.101375.

Tricco, A.C,; Lillie, E.; Zarin, W.; O'Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.; et
al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
https://doi.org/10.7326/m18-0850.

McHugh, M.L. Interrater reliability: The kappa statistic. Biochem. Med. 2012, 22, 276-282. https://doi.org/10.11613/bm.2012.031.
Huutoniemi, K,; Klein, J.T.; Bruun, H.; Hukkinen, J. Analyzing interdisciplinarity: Typology and indicators. Res. Policy 2010, 39,
79-88.

World Health Organization. International Statistical Classification of Diseases and Related Health Problems, 5th ed.; 10th revision;
World Health Organization: Geneva, Switzerland, 2015. Available online: https://icd.who.int/browse10/2019/en#/V (accessed
on 27 July 2021).

Staupe-Delgado, R. Progress, traditions and future directions in research on disasters involving slow-onset hazards. Disaster
Prev. Manag. 2019, 28, 623-635. https://doi.org/10.1108/DPM-11-2018-0358.

Ma, J.; Li, C.; Kwan, M.-P.; Kou, L.; Chai, Y. Assessing personal noise exposure and its relationship with mental health in Beijing
based on individuals’ space-time behavior. Environ. Int. 2020, 139, 105737. https://doi.org/10.1016/j.envint.2020.105737.

Dreger, S.; Meyer, N.; Fromme, H.; Bolte, G. Environmental noise and incident mental health problems: A prospective cohort
study among school children in Germany. Environ. Res. 2015, 143, 49-54. https://doi.org/10.1016/j.envres.2015.08.003.
Hammersen, F.; Niemann, H.; Hoebel, ]. Environmental Noise Annoyance and Mental Health in Adults: Findings from the
Cross-Sectional German Health Update (GEDA) Study 2012. Int. ]. Environ. Res. Public Health 2016, 13, 954.
https://doi.org/10.3390/ijjerph13100954.

Jensen, H.A.R.; Rasmussen, B.; Ekholm, O. Neighbour and traffic noise annoyance: A nationwide study of associated mental
health and perceived stress. Eur. |. Public Health 2018, 28, 1050-1055. https://doi.org/10.1093/eurpub/cky091.

Nitschke, M.; Tucker, G.; Simon, D.L.; Hansen, A.L.; Pisaniello, D.L. The link between noise perception and quality of life in
South Australia. Noise Health 2014, 16, 137-142. https://doi.org/10.4103/1463-1741.134913.

Beutel, M.E.; Jiinger, C.; Klein, E.M.; Wild, P.; Lackner, K.; Blettner, M.; Binder, H.; Michal, M.; Wiltink, J.; Bréhler, E.; et al. Noise
annoyance is associated with depression and anxiety in the general population-the contribution of aircraft noise. PLoS ONE
2016, 11, e0155357. https://doi.org/10.1371/journal.pone.0155357.

Beutel, M.E.; Brahler, E.; Ernst, M.,; Klein, E.; Reiner, 1.; Wiltink, J.; Michal, M.; Wild, P.S.; Schulz, A.; Miinzel, T.; et al. Noise
annoyance predicts symptoms of depression, anxiety and sleep disturbance 5 years later. Findings from the Gutenberg Health
Study. Eur. J. Public Health 2020, 30, 516-521. https://doi.org/10.1093/eurpub/ckaa015.

Yoon, ].H.; Won, J.U.; Lee, W.; Jung, P.K.; Roh, J. Occupational noise annoyance linked to depressive symptoms and suicidal
ideation: A result from nationwide survey of Korea. PLoS ONE 2014, 9, e105321. https://doi.org/10.1371/journal.pone.0105321.
Stough, L.M.; North, C.S. The association of adverse mental health effects with repeated exposure to disasters. Ann. Clin. Psy-
chiatry 2018, 30, 17-24.

Chen, J.; Chen, S.; Landry, P.F. Migration, environmental hazards, and health outcomes in China. Soc. Sci. Med. 2013, 80, 85-95.
https://doi.org/10.1016/j.socscimed.2012.12.002.

Kruger, D.J.; Cupal, S.; Franzen, S.P.; Kodjebacheva, G.; Bailey, E.S.; Key, K.D.; Kaufman, M.M. Toxic trauma: Household water
quality experiences predict posttraumatic stress disorder symptoms during the Flint, Michigan, water crisis. ]. Community Psy-
chol. 2017, 45, 957-962. https://doi.org/10.1002/jcop.21898.

Gaspar, F.W.; Harley, K.G.; Kogut, K.; Chevrier, J.; Mora, A.M.; Sjodin, A.; Eskenazi, B. Prenatal DDT and DDE exposure and
child IQ in the CHAMACOS cohort. Environ. Int. 2015, 85, 206-212. https://doi.org/10.1016/j.envint.2015.09.004.

Ayer, L.; Engel, C.; Parker, A.; Seelam, R.; Ramchand, R. Behavioral health of Gulf Coast residents 6 years after the Deepwater
Horizon Oil Spill: The role of trauma history. Disaster Med. Public Health Prep. 2019, 13, 497-503.
https://doi.org/10.1017/dmp.2018.84.

Rung, A.L.; Gaston, S.; Oral, E.; Robinson, W.T.; Fontham, E.; Harrington, D.].; Trapido, E.; Peters, E.S. Depression, Mental
Distress, and Domestic Conflict among Louisiana Women Exposed to the Deepwater Horizon Oil Spill in the WaTCH Study.
Environ. Health Perspect. 2016, 124, 1429-1435. https://doi.org/10.1289/ehp167.

Johnson, E.J.; Boodram, C.-A.S. Health, well-being and quality of life of community members displaced after an industrial dis-
aster in Trinidad. J. Public Health 2016, 25, 69-74. https://doi.org/10.1007/s10389-016-0759-y.

Aiena, B.J.; Buchanan, E.M.; Smith, C.V.; Schulenberg, S.E. Meaning, resilience, and traumatic stress after the Deepwater Hori-
zon oil spill: A study of Mississippi coastal residents seeking mental health services. J. Clin. Psychol. 2016, 72, 1264-1278.
https://doi.org/10.1002/jclp.22232.



Int. J. Environ. Res. Public Health 2023, 20, 5278 34 of 38

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Tawatsupa, B.; Yiengprugsawan, V.; Kjellstrom, T.; Seubsman, S.A; Sleigh, A.; Thai Cohort Study Team. Heat stress, health and
well-being: Findings from a large national cohort of Thai adults. BM] Open 2012, 2, 001396. http://doi.org/10.1136/bmjopen-2012-
001396.

Beecher, M.E.; Eggett, D.; Erekson, D.; Rees, L.B.; Bingham, J.; Klundyt, J.; Bailey, R.J.; Ripplinger, C.; Kirchhoefer, J.; Gibson, R.;
et al. Sunshine on my shoulders: Weather, pollution, and emotional distress. ]. Affect. Disord. 2016, 205, 234-238.
https://doi.org/10.1016/j.jad.2016.07.021.

Chan, E.Y.Y,; Lam, H.C.Y.; So, SH.W.; Goggins, W.B.; Ho, ].Y.; Liu, S.; Chung, P.P.W. Association between Ambient Tempera-
tures and Mental Disorder Hospitalizations in a Subtropical City: A Time-Series Study of Hong Kong Special Administrative
Region. Int. J. Environ. Res. Public Health 2018, 15, 754. https://doi.org/10.3390/ijerph15040754.

Ha, H.; Shao, W. A spatial epidemiology case study of mentally unhealthy days (MUDs): Air pollution, community resilience,
and sunlight perspectives. Int. ]. Environ. Health Res. 2019, 31, 491-506. https://doi.org/10.1080/09603123.2019.1669768.

Alcock, I.; White, M.; Lovell, R.; Higgins, S.; Osborne, N.; Husk, K.; Wheeler, B. What accounts for ‘England’s green and pleasant
land’? A panel data analysis of mental health and land cover types in rural England. Landsc. Urban Plan. 2015, 142, 38-46.
https://doi.org/10.1016/j.landurbplan.2015.05.008.

Garrett, ].K,; Clitherow, T.].; White, M.P.; Wheeler, B.W; Fleming, L.E. Coastal proximity and mental health among urban adults
in England: The moderating effect of household income. Health Place 2019, 59, 102200. https://doi.org/10.1016/j.health-
place.2019.102200.

White, M.P.; Alcock, I.; Wheeler, B.W.; Depledge, M.H. Coastal proximity, health and well-being: Results from a longitudinal
panel survey. Health Place 2013, 23, 97-103. https://doi.org/10.1016/j.healthplace.2013.05.006.

Friel, S.; Berry, H.; Dinh, H.; O’Brien, L.; Walls, H.L. The impact of drought on the association between food security and mental
health in a nationally representative Australian sample. BMC Public Health 2014, 14, 1102. https://doi.org/10.1186/1471-2458-14-
1102.

Hanigan, 1.C.; Schirmer, J.; Niyonsenga, T. Drought and Distress in Southeastern Australia. EcoHealth 2018, 15, 642—655.
https://doi.org/10.1007/s10393-018-1339-0.

O’Brien, L.; Berry, H.; Coleman, C.; Hanigan, I. Drought as a mental health exposure. Environ. Res. 2014, 131, 181-187.
https://doi.org/10.1016/j.envres.2014.03.014.

Yazd, S.D.; Wheeler, S.A.; Zuo, A. Understanding the impacts of water scarcity and socio-economic demographics on farmer
mental health in the Murray-Darling Basin. Ecol. Econ. 2020, 169, 106564. https://doi.org/10.1016/j.ecolecon.2019.106564.
Al-Mutairi, N.Z.; Al-Attar, M.A.; Al-Rukaibi, F.S. Traffic-generated noise pollution: Exposure of road users and populations in
Metropolitan Kuwait. Environ. Monit. Assess. 2011, 183, 65-75. https://doi.org/10.1007/s10661-011-1906-0.

Crombie, R.; Clark, C.; Stansfeld, S.A. Environmental noise exposure, early biological risk and mental health in nine to ten year
old children: A cross-sectional field study. Environ. Health 2011, 10, 39. https://doi.org/10.1186/1476-069x-10-39.

Kageyama, T.; Yano, T.; Kuwano, S.; Sueoka, S.; Tachibana, H. Exposure-response relationship of wind turbine noise with self-
reported symptoms of sleep and health problems: A nationwide socioacoustic survey in Japan. Noise Health 2016, 18, 53-61.
https://doi.org/10.4103/1463-1741.178478.

Schreckenberg, D.; Griefahn, B.; Meis, M. The associations between noise sensitivity, reported physical and mental health, per-
ceived environmental quality, and noise annoyance. Noise Health 2010, 12, 7-16. https://doi.org/10.4103/1463-1741.59995.
Sygna, K.; Aasvang, G.M.; Aamodt, G.; Oftedal, B.; Krog, N.H. Road traffic noise, sleep and mental health. Environ. Res. 2014,
131, 17-24. https://doi.org/10.1016/j.envres.2014.02.010.

Wright, D.M.; Newell, K.; Maguire, A.; O'Reilly, D. Aircraft noise and self-assessed mental health around a regional urban
airport: A population based record linkage study. Environ. Health 2018, 17, 74. https://doi.org/10.1186/s12940-018-0418-6.
Stickley, A.; Ng, C.E.S.; Konishi, S.; Koyanagi, A.; Watanabe, C. Airborne pollen and suicide mortality in Tokyo, 2001-2011.
Environ. Res. 2017, 155, 134-140. https://doi.org/10.1016/j.envres.2017.02.008.

Eze, L.C.; Foraster, M.; Schaffner, E.; Vienneau, D.; Pieren, R.; Imboden, M.; Wunderli, J.-M.; Cajochen, C.; Brink, M.; R606sli, M.;
et al. Incidence of depression in relation to transportation noise exposure and noise annoyance in the SAPALDIA study. Environ.
Int. 2020, 144, 106014. https://doi.org/10.1016/j.envint.2020.106014.

Generaal, E.; Hoogendijk, E.O.; Stam, M.; Henke, C.E.; Rutters, F.; Oosterman, M.; Huisman, M.; Kramer, S.E.; Elders, P.]J.M.;
Timmermans, E.J.; et al. Neighbourhood characteristics and prevalence and severity of depression: Pooled analysis of eight
Dutch cohort studies. Br. ]. Psychiatry 2019, 215, 468-475. https://doi.org/10.1192/bjp.2019.100.

He, S.; Smargiassi, A.; Low, N.; Bilodeau-Bertrand, M.; Ayoub, A.; Auger, N. Residential noise exposure and the longitudinal
risk of hospitalization for depression after pregnancy: Postpartum and beyond. Environ. Res. 2019, 170, 26-32.
https://doi.org/10.1016/j.envres.2018.12.001.

Hill, E.; Billington, R.; Krageloh, C. Noise sensitivity and diminished health: Testing moderators and mediators of the relation-
ship. Noise Health 2014, 16, 47. https://doi.org/10.4103/1463-1741.127855.

Okokon, E.O; Yli-Tuomi, T.; Turunen, A.-W; Tiittanen, P.; Juutilainen, J.; Lanki, T. Traffic noise, noise annoyance and psycho-
tropic medication use. Environ. Int. 2018, 119, 287-294. https://doi.org/10.1016/j.envint.2018.06.034.

Aschengrau, A.; Janulewicz, P.A.; White, R.F.; Vieira, V.M.; Gallagher, L.; Getz, K.; Webster, T.F.; Ozonoff, D. Long-term Neu-
rotoxic Effects of Early-life Exposure to Tetrachloroethylene-contaminated Drinking Water. Ann. Glob. Health 2016, 82, 169-179.
https://doi.org/10.1016/j.a0gh.2016.01.013.



Int. J. Environ. Res. Public Health 2023, 20, 5278 35 of 38

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Gauvain, M.; Richert, R. Cognitive Development. In Encyclopaedia of Mental Health, 2rd ed.; Friedman, H.S., Ed.; Academic Press:
Cambridge, MA, USA, 2015.

Berry, H.L.; Hogan, A.; Owen, ].; Rickwood, D.; Fragar, L. Climate Change and Farmers” Mental Health: Risks and Responses.
Asia Pac. ]. Public Health 2011, 23, 1195-132S. https://doi.org/10.1177/1010539510392556.

Chan, E.Y.Y.; Ho, ].Y.; Hung, HH.Y.; Liu, S.; Lam, H.C.Y. Health impact of climate change in cities of middle-income countries:
The case of China. Br. Med. Bull. 2019, 130, 5-24. https://doi.org/10.1093/bmb/Idz011.

van den Bosch, M.; Meyer-Lindenberg, A. Environmental Exposures and Depression: Biological Mechanisms and Epidemio-
logical Evidence. Annu. Rev. Public Health 2019, 40, 239-259. https://doi.org/10.1146/annurev-publhealth-040218-044106.

Hayes, K.; Berry, P.; Ebi, K.L. Factors Influencing the Mental Health Consequences of Climate Change in Canada. Int. ]. Environ.
Res. Public Health 2019, 16, 1583. https://doi.org/10.3390/ijerph16091583.

Kinay, P.; Morse, A.P.; Villanueva, E.V.; Morrissey, K.; Staddon, P.L. Direct and indirect health impacts of climate change on
the vulnerable elderly population in East China. Environ. Rev. 2019, 27, 295-303. https://doi.org/10.1139/er-2017-0095.

Jaakkola, J.J.K.; Juntunen, S.; Néakkalajarvi, K. The Holistic Effects of Climate Change on the Culture, Well-Being, and Health of
the Saami, the Only Indigenous People in the European Union. Curr. Environ. Health Rep. 2018, 5, 401-417.
https://doi.org/10.1007/s40572-018-0211-2.

Patz, ].A.; Frumkin, H.; Holloway, T.; Vimont, D.J.; Haines, A. Climate change: Challenges and opportunities for global health.
JAMA 2014, 312, 1565-1580. https://doi.org/10.1001/jama.2014.13186.

Dannenberg, A.L.; Frumkin, H.; Hess, ].J.; Ebi, K.L. Managed retreat as a strategy for climate change adaptation in small com-
munities: Public health implications. Clim. Chang. 2019, 153, 1-14. https://doi.org/10.1007/s10584-019-02382-0.

Yusa, A; Berry, P.; Cheng, ].J.; Ogden, N.; Bonsal, B.; Stewart, R.; Waldick, R. Climate Change, Drought and Human Health in
Canada. Int. |. Environ. Res. Public Health 2015, 12, 8359-8412. https://doi.org/10.3390/ijerph120708359.

Garcia, D.M.; Sheehan, M.C. Extreme Weather-driven Disasters and Children’s Health. Int. . Health Serv. 2015, 46, 79-105.
https://doi.org/10.1177/0020731415625254.

Burton, H.; Rabito, F.; Danielson, L.; Takaro, T.K. Health effects of flooding in Canada: A 2015 review and description of gaps
in research. Can. Water Resour. ]. Rev. Can. Des Ressour. Hydr. 2015, 41, 238-249. https://doi.org/10.1080/07011784.2015.1128854.
Du, W.; FitzGerald, G.J.; Clark, M.; Hou, X.-Y. Health Impacts of Floods. Prehospital Disaster Med. 2010, 25, 265-272.
https://doi.org/10.1017/s1049023x00008141.

Mousavi, A.; Ardalan, A.; Takian, A.; Ostadtaghizadeh, A.; Naddafi, K.; Bavani, A.M. Climate change and health in Iran: A
narrative review. J. Environ. Health Sci. Eng. 2020, 18, 367-378. https://doi.org/10.1007/s40201-020-00462-3.

Schulte, P.; Bhattacharya, A.; Butler, C.; Chun, H.; Jacklitsch, B.; Jacobs, T.; Kiefer, M.; Lincoln, J.; Pendergrass, S.; Shire, J.; et al.
Advancing the framework for considering the effects of climate change on worker safety and health. J. Occup. Environ. Hyg.
2016, 13, 847-865. https://doi.org/10.1080/15459624.2016.1179388.

Verner, G.; Schiitte, S.; Knop, J.; Sankoh, O.; Sauerborn, R. Health in climate change research from 1990 to 2014: Positive trend,
but still underperforming. Glob. Health Action 2016, 9, 30723. https://doi.org/10.3402/gha.v9.30723.

Stanke, C.; Murray, V.; Amlét, R.; Nurse, J.; Williams, R. The effects of flooding on mental health: Outcomes and recommenda-
tions from a review of the literature. PLoS Curr. 2012, 4, e4f9f1fa9c3cae. https://doi.org/10.1371/4{9f1fa9c3cae.

Tzivian, L.; Winkler, A.; Dlugaj, M.; Schikowski, T.; Vossoughi, M.; Fuks, K.; Weinmayr, G.; Hoffmann, B. Effect of long-term
outdoor air pollution and noise on cognitive and psychological functions in adults. Int. |. Hyg. Environ. Health 2015, 218, 1-11.
https://doi.org/10.1016/j.ijheh.2014.08.002.

Bos, L; De Boever, P.; Panis, L.I; Meeusen, R. Physical Activity, Air Pollution and the Brain. Sport. Med. 2014, 44, 1505-1518.
https://doi.org/10.1007/s40279-014-0222-6.

Cipriani, G.; Danti, S.; Carlesi, C.; Borin, G. Danger in the Air: Air Pollution and Cognitive Dysfunction. Am. J. Alzheimer’s Dis.
Other Dement. 2018, 33, 333-341. https://doi.org/10.1177/1533317518777859.

de Pardo Bert, P.; Mercader, EM.H.; Pujol, ].; Sunyer, J.; Mortamais, M. The Effects of Air Pollution on the Brain: A Review of
Studies Interfacing Environmental Epidemiology and Neuroimaging. Curr. Environ. Health Rep. 2018, 5, 351-364.
https://doi.org/10.1007/s40572-018-0209-9.

Buoli, M,; Grassi, S.; Caldiroli, A.; Carnevali, G.S.; Mucdi, F.; Iodice, S.; Cantone, L.; Pergoli, L.; Bollati, V. Is there a link between
air pollution and mental disorders? Environ. Int. 2018, 118, 154-168. https://doi.org/10.1016/j.envint.2018.05.044.

Gladkikh, T.M.; Gould, R.K.; Coleman, K.J. Cultural ecosystem services and the well-being of refugee communities. Ecosyst.
Serv. 2019, 40, 101036. https://doi.org/10.1016/j.ecoser.2019.101036.

Hankey, S.; Marshall, J.D. Urban Form, Air Pollution, and Health. Curr. Environ. Health Rep. 2017, 4, 491-503.
https://doi.org/10.1007/s40572-017-0167-7.

O’Brien, L. Carrying out Physical Activity as Part of the Active Forests Programme in England: What Encourages, Supports and
Sustains Activity? — A Qualitative Study. Int. . Environ. Res. Public Health 2019, 16, 5118. https://doi.org/10.3390/ijerph16245118.
Lee, H]J; Son, Y.-H.; Kim, S,; Lee, D.K. Healing experiences of middle-aged women through an urban forest therapy program.
Urban For. Urban Green. 2019, 38, 383-391. https://doi.org/10.1016/j.ufug.2019.01.017.

Powers, J.R.; Dobson, A J.; Berry, H.L.; Graves, A.M.; Hanigan, I.C.; Loxton, D. Lack of association between drought and mental
health in a cohort of 45-61 year old rural Australian women. Aust. New Zealand ]. Public Health 2015, 39, 518-523.
https://doi.org/10.1111/1753-6405.12369.



Int. J. Environ. Res. Public Health 2023, 20, 5278 36 of 38

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Yazd, S.D.; Wheeler, S.A.; Zuo, A. Exploring the drivers of irrigator mental health in the Murray-Darling Basin, Australia.
Sustainability 2019, 11, 6097. https://doi.org/10.3390/su11216097.

Dzhambov, A; Tilov, B.; Markevych, I.; Dimitrova, D. Residential road traffic noise and general mental health in youth: The
role of noise annoyance, neighborhood restorative quality, physical activity, and social cohesion as potential mediators. Environ.
Int. 2017, 109, 1-9. https://doi.org/10.1016/j.envint.2017.09.009.

Dzhambov, A.M.; Markevych, I; Tilov, B.; Arabadzhiev, Z.; Stoyanov, D.; Gatseva, P.; Dimitrova, D.D. Pathways linking resi-
dential noise and air pollution to mental ill-health in young adults. Environ. Res. 2018, 166, 458—-465. https://doi.org/10.1016/j.en-
vres.2018.06.031.

Dzhambov, A.M.; Markevych, IL; Tilov, B.G.; Dimitrova, D.D. Residential greenspace might modify the effect of road traffic
noise exposure on general mental health in students. Urban For. Urban Green. 2018, 34, 233-239.
https://doi.org/10.1016/j.ufug.2018.06.022.

Roswall, N.; Hegh, V.; Envold-Bidstrup, P.; Raaschou-Nielsen, O.; Ketzel, M.; Overvad, K.; Olsen, A.; Serensen, M. Residential
Exposure to Traffic Noise and Health-Related Quality of Life—A Population-Based Study. PLoS ONE 2015, 10, e0120199.
https://doi.org/10.1371/journal.pone.0120199.

Norra, C,; Ngoc, D.T.M,; Trang, P.T.K,; Lan, V.T.M; Viet, P.H.; Norra, S.; Kunert, H.]. Mental health burden and neuropsychi-
atric deficits of chronic arsenic exposure: First results of the Vietnamese field study. In Understanding the Geological and Medical
Interface of Arsenic; Ng. J.C., Noller, B.N., Naidu, R., Bundschubh, J., Bhattacharya, P., Eds.; Taylor and Francis Group: London,
UK, 2012; pp. 168-170.

Manczak, E.M.; Miller, J.G.; Gotlib, I.H. Water contaminant levels interact with parenting environment to predict development
of depressive symptoms in adolescents. Dev. Sci. 2020, 23, €12838. https://doi.org/10.1111/desc.12838.

Akter, S. Impact of drinking water salinity on children’s education: Empirical evidence from coastal Bangladesh. Sci. Total.
Environ. 2019, 690, 1331-1341. https://doi.org/10.1016/j.scitotenv.2019.06.458.

Song, Y.; Zhou, A.; Zhang, M.; Wang, H. Assessing the effects of haze pollution on subjective well-being based on Chinese
General Social Survey. |. Clean. Prod. 2019, 235, 574-582. https://doi.org/10.1016/j.jclepro.2019.07.021.

Shultz, ].M.; Walsh, L.; Garfin, D.R.; Wilson, F.E.; Neria, Y. The 2010 Deepwater Horizon Oil Spill: The Trauma Signature of an
Ecological Disaster. J. Behav. Health Serv. Res. 2014, 42, 58-76. https://doi.org/10.1007/s11414-014-9398-7.

Berk, M.; Williams, L.J.; Andreazza, A.C.; Pasco, ].A.; Dodd, S.; Jacka, F.N.; Moylan, S.; Reiner, E.]J.; Magalhaes, P.V. Pop, heavy
metal and the blues: Secondary analysis of persistent organic pollutants (POP), heavy metals and depressive symptoms in the
NHANES National Epidemiological Survey. BM] Open 2014, 4, €005142. https://doi.org/10.1136/bmjopen-2014-005142.

Forns, J.; Lertxundi, N.; Aranbarri, A.; Murcia, M.; Gascon, M.; Martinez, D.; Grellier, J.; Lertxundi, A.; Julvez, J.; Fano, E.; et al.
Prenatal exposure to organochlorine compounds and neuropsychological development up to two years of life. Environ. Int.
2012, 45, 72-77. https://doi.org/10.1016/j.envint.2012.04.009.

Kyriklaki, A.; Vafeiadi, M.; Kampouri, M.; Koutra, K.; Roumeliotaki, T.; Chalkiadaki, G.; Anousaki, D.; Rantakokko, P.; Ki-
viranta, H.; Fthenou, E.; et al. Prenatal exposure to persistent organic pollutants in association with offspring neuropsycholog-
ical development at 4years of age: The Rhea mother-child cohort, Crete, Greece. Environ. Int. 2016, 97, 204-211.
https://doi.org/10.1016/j.envint.2016.09.012.

Liu, J.; Chen, Y.; Gao, D; Jing, J.; Hu, Q. Prenatal and postnatal lead exposure and cognitive development of infants followed
over the first three years of life: A prospective birth study in the Pearl River Delta region, China. Neurotoxicology 2014, 44, 326—
334. https://doi.org/10.1016/j.neuro.2014.07.001.

Lim, J.; Kweon, K.; Kim, H.-W.; Cho, S.W; Park, J.; Sim, C.S. Negative Impact of Noise and Noise Sensitivity on Mental Health
in Childhood. Noise Health 2018, 20, 199-211. https://doi.org/10.4103/nah.NAH_9_18.

Staudt, K.; Dane’El, M.; Marquez-Velarde, G. In the shadow of a steel recycling plant in these neoliberal times: Health disparities
among Hispanics in a border colonia. Local Environ. 2015, 21, 636-652. https://doi.org/10.1080/13549839.2015.1016902.

Kannuri, N.K;; Jadhav, S. Generating toxic landscapes: Impact on well-being of cotton farmers in Telangana, India. Anthr. Med.
2018, 25, 121-140. https://doi.org/10.1080/13648470.2017.1317398.

Diaz, J.; Lopez-Bueno, J.; Lépez-Ossorio, J.; Génzdlez, J.; Sanchez, F.; Linares, C. Short-term effects of traffic noise on suicides
and emergency hospital admissions due to anxiety and depression in Madrid (Spain). Sci. Total. Environ. 2019, 710, 136315.
https://doi.org/10.1016/j.scitotenv.2019.136315.

Min, J.-Y.; Min, K.-B. Night noise exposure and risk of death by suicide in adults living in metropolitan areas. Depress. Anxiety
2018, 35, 876-883. https://doi.org/10.1002/da.22789.

Han, H.-J.; Kim, J.-H.; Chung, S.-E.; Park, J.-H.; Cheong, H.-K. Estimation of the National Burden of Disease and Vulnerable
Population Associated with Natural Disasters in Korea: Heavy Precipitation and Typhoon. |. Korean Med. Sci. 2018, 33, e314.
https://doi.org/10.3346/jkms.2018.33.e314.

Wass, S.V.; Smith, C.G.; Daubney, K.R.; Suata, Z.M.; Clackson, K.; Begum, A.; Mirza, F.U. Influences of environmental stressors
on autonomic function in 12-month-old infants: Understanding early common pathways to atypical emotion regulation and
cognitive performance. J. Child Psychol. Psychiatry 2019, 60, 1323-1333. https://doi.org/10.1111/jcpp.13084.

Ishiki, A.; Okinaga, S.; Tomita, N.; Kawahara, R.; Tsuji, I.; Nagatomi, R.; Taki, Y.; Takahashi, T.; Kuzuya, M.; Morimoto, S.; et al.
Changes in Cognitive Functions in the Elderly Living in Temporary Housing after the Great East Japan Earthquake. PLoS ONE
2016, 11, e0147025. https://doi.org/10.1371/journal.pone.0147025.



Int. J. Environ. Res. Public Health 2023, 20, 5278 37 of 38

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Maclean, J.C.; Popovici, I.; French, M.T. Are natural disasters in early childhood associated with mental health and substance
use disorders as an adult? Soc. Sci. Med. 2016, 151, 78-91. https://doi.org/10.1016/j.socscimed.2016.01.006.

Powers, ].R.; Loxton, D.; Baker, J.; Rich, J.L.; Dobson, A.]. Empirical evidence suggests adverse climate events have not affected
Australian women’s health and well-being. Aust. New Zealand ]. Public Health 2012, 36, 452—457. https://doi.org/10.1111/j.1753-
6405.2012.00848.x.

Cherry, K.E.; Sampson, L.; Nezat, P.F.; Cacamo, A.; Marks, L.D.; Galea, S. Long-term psychological outcomes in older adults
after disaster: Relationships to religiosity and social support. Aging Ment. Health 2015, 19, 430-443.
https://doi.org/10.1080/13607863.2014.941325.

Bistricky, S.L.; Long, L.].; Lai, B.S.; Gallagher, M.W.; Kanenberg, H.; Elkins, S.R.; Harper, K.L.; Short, M.B. Surviving the storm:
Avoidant coping, helping behavior, resilience and affective symptoms around a major hurricane-flood. J. Affect. Disord. 2019,
257, 297-306. https://doi.org/10.1016/j.jad.2019.07.044.

Felix, E.D.; Afifi, W. The role of social support on mental health after multiple wildfire disasters. |. Community Psychol. 2015, 43,
156-170. https://doi.org/10.1002/jcop.21671.

Felix, E.; Afifi, T.; Kia-Keating, M.; Brown, L.; Afifi, W.; Reyes, G. Family functioning and posttraumatic growth among parents
and youth following wildfire disasters. Am. J. Orthopsychiatry 2015, 85, 191-200. https://doi.org/10.1037/0ort0000054.

Afifi, W.A,; Felix, E.D.; Afifi, T.D. The impact of uncertainty and communal coping on mental health following natural disasters.
Anxiety Stress Coping 2012, 25, 329-347. https://doi.org/10.1080/10615806.2011.603048.

Ritchie, A.; Sautner, B.; Omege, ].; Denga, E.; Nwaka, B.; Akinjise, I.; Corbett, S.E.; Moosavi, S.; Greenshaw, A.; Chue, P.; et al.
Long-Term Mental Health Effects of a Devastating Wildfire Are Amplified by Sociodemographic and Clinical Antecedents in
College Students. Disaster Med. Public Health Prep. 2020, 15, 707-717. https://doi.org/10.1017/dmp.2020.87.

Chen, Y.; Yuan, Y. The neighborhood effect of exposure to blue space on elderly individuals” mental health: A case study in
Guangzhou, China. Health Place 2020, 63, 102348. https://doi.org/10.1016/j.healthplace.2020.102348.

Dempsey, S.; Devine, M.T.; Gillespie, T.; Lyons, S.; Nolan, A. Coastal blue space and depression in older adults. Health Place
2018, 54, 110-117. https://doi.org/10.1016/j.healthplace.2018.09.002.

Gascon, M.; Sanchez-Benavides, G.; Dadvand, P.; Martinez, D.; Gramunt, N.; Gotsens, X.; Cirach, M.; Vert, C.; Molinuevo, J.L.;
Crous-Bou, M.; et al. Long-term exposure to residential green and blue spaces and anxiety and depression in adults: A cross-
sectional study. Environ. Res. 2018, 162, 231-239. https://doi.org/10.1016/j.envres.2018.01.012.

Costello, L.; McDermott, M.-L.; Patel, P.; Dare, J. ‘A lot better than medicine’—Self-organised ocean swimming groups as facil-
itators for healthy ageing. Health Place 2019, 60, 102212. https://doi.org/10.1016/j.healthplace.2019.102212.

Tosone, C.; McTighe, ]J.P.; Bauwens, J. Shared Traumatic Stress among Social Workers in the Aftermath of Hurricane Katrina,
Br. ]. Soc. Work, 2015, 45, 1313-1329. https://doi.org/10.1093/bjsw/bct194.

Generaal, E.; Timmermans, E.J.; Dekkers, ].E.C.; Smit, ]. H.; Penninx, B.W.J.H. Not urbanization level but socioeconomic, physi-
cal and social neighbourhood characteristics are associated with presence and severity of depressive and anxiety disorders.
Psychol. Med. 2018, 49, 149-161. https://doi.org/10.1017/s0033291718000612.

Bell, A. Life-course and cohort trajectories of mental health in the UK, 1991-2008 — A multilevel age-period—cohort analysis.
Soc. Sci. Med. 2014, 120, 21-30. https://doi.org/10.1016/j.socscimed.2014.09.008.

Fryers, T.; Melzer, D.; Jenkins, R. Social inequalities and the common mental disorders — A systematic review of the evidence.
Soc. Psychiatry Psychiatr. Epidemiol. 2003, 38, 229-237. https://doi.org/10.1007/s00127-003-0627-2.

Cherry, N.; Haynes, W. Effects of the Fort McMurray wildfires on the health of evacuated workers: Follow-up of 2 cohorts.
CMA] Open 2017, 5, E638-E645. https://doi.org/10.9778/cmajo.20170047.

Gould, D.W.; Teich, J.L.; Pemberton, M.R.; Pierannunzi, C.; Larson, S. Behavioral health in the gulf coast region following the
Deepwater Horizon oil spill: Findings from two federal surveys.. |. Behav. Health Serv. Res. 2014, 42, 6-22.
https://doi.org/10.1007/s11414-014-9441-8.

Buttke, D.; Vagi, S.; Bayleyegn, T.; Sircar, K.; Strine, T.; Morrison, M.; Allen, M.; Wolkin, A. Mental Health Needs Assessment
After the Gulf Coast Oil Spill—Alabama and Mississippi, 2010. Prehospital Disaster Med. 2012, 27, 401-408.
https://doi.org/10.1017/s1049023x12001100.

Clemens, S.L.; Berry, H.L.; McDermott, B.M.; Harper, C.M. Summer of sorrow: Measuring exposure to and impacts of trauma
after Queensland’s natural disasters of 2010-2011. Med. |. Aust. 2013, 199, 552-555. https://doi.org/10.5694/mja13.10307.
Thompson, C.W.; Elizalde, A.; Cummins, S.; Leyland, A.H.; Botha, W.; Briggs, A ; Tilley, S.; de Oliveira, E.S.; Roe, ].; Aspinall,
P.; et al. Enhancing Health Through Access to Nature: How Effective are Interventions in Woodlands in Deprived Urban Com-
munities? A Quasi-experimental Study in Scotland, UK. Sustainability 2019, 11, 3317. https://doi.org/10.3390/su11123317.
Dzhambov, A.M. Residential green and blue space associated with better mental health: A pilot follow-up study in university
students. Arch. Ind. Hyg. Toxicol. 2018, 69, 340-349. https://doi.org/10.2478/aiht-2018-69-3166.

Sarkar, C.; Gallacher, J.; Webster, C. Urban built environment configuration and psychological distress in older men: Results
from the Caerphilly study. BMC Public Health 2013, 13, 695-695. https://doi.org/10.1186/1471-2458-13-695.

Diaz, S.; Demissew, S.; Carabias, J.; Joly, C.; Lonsdale, M.; Ash, N.; Larigauderie, A.; Adhikari, ].R.; Arico, S.; Baldi, A.; et al. The
IPBES conceptual Framework—connecting nature and people. Curr Opin Environ Sustain. 2015, 14, 1016.
https://doi.org/10.1016/j.cosust.2014.11.002.



Int. J. Environ. Res. Public Health 2023, 20, 5278 38 of 38

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

IPBES. Summary for Policymakers of the Global Assessment Report on Biodiversity and Ecosystem Services of the Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services; Diaz, S., Settele, J., Brondizio, E.S., Ngo, H.T., Gueze, M., Agard, J.,
Arneth, A, Balvanera, P., Brauman, K.A., Butchart, S.H.M.; et al., Eds.; IPBES secretariat: Bonn, Germany, 2019.

Farinde, A. Dose-Response Relationships. MSD Manual Professional Version. 2021. Available online: https://www.msdmanu-
als.com/en-gb/professional/clinical-pharmacology/pharmacodynamics/dose-response-relationships (accessed on 5 September
2022).

Frumkin, H.; Gregory, N.; Bratman, G.N.; Breslow, S.J.; Cochran, B.; Kahn, P.H,, Jr.; Lawler, ].J.; Levin, P.S.; Tandon, P.S.; Vara-
nasi, U,; et al. Nature Contact and Human Health: A Research Agenda. Environ. Health Perspect. 2017, 125, 075001.
https://doi.org/10.1289/ehp1663.

Merdjanoff, A.A.; Abramson, D.M.; Piltch-Loeb, R.; Findley, P.; Peek, L.; Beedasy, J.; Park, Y.S; Sury, ].; Meltzer, G.Y. Examining
the Dose-Response Relationship: Applying the Disaster Exposure Matrix to Understand the Mental Health Impacts of Hurri-
cane Sandy. Clin. Soc. Work. J. 2021, 50, 400-413. https://doi.org/10.1007/s10615-021-00814-y.

Few, R.; Lake, I; Hunter, P.R.; Tran, P.G. ‘Seasonality, disease and behavior: Using multiple methods to explore socio-environ-
mental health risks in the Mekong Delta’, Soc. Sci. Med. 2013, 80, 1-9. https://doi.org/10.1016/j.socscimed.2012.12.027.

Zeira, A. Mental Health Challenges Related to Neoliberal Capitalism in the United States. Community Ment. Health J. 2021, 58,
205-212. https://doi.org/10.1007/s10597-021-00840-7.

Wilkinson, R.; Pickett, K. The Spirit Level: Why Greater Equality Makes Societies Stronger; Bloomsbury Press: New York, NY, USA,
2009.

IPBES. Global Assessment Report of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services; Brondizio,
E.S., Settele, ]., Diaz, S., Ngo, H.T., Eds.; IPBES secretariat: Bonn, Germany, 2019.

Fanning, A.L.; O’Neill, D.W; Hickel, J.; Roux, N. The social shortfall and ecological overshoot of nations. Nat. Sustain. 2021, 5,
26-36. https://doi.org/10.1038/s41893-021-00799-z.

World Health Organization. Promoting Mental Health: Concepts, Emerging Evidence, Practice: A Report of the World Health Organi-
zation, Department of Mental Health and Substance Abuse in collaboration with the Victorian Health Promotion Foundation and the Uni-
versity of Melbourne; World Health Organization: Geneva, Switzerland, 2005.

van Agteren, ].; lasiello, M.; Lo, L.; Bartholomaeus, J.; Kopsatftis, Z.; Carey, M.; Kyrios, M. A systematic review and meta-analysis
of psychological interventions to improve mental wellbeing. Nat. Hum. Behav. 2021, 5, 631-652. https://doi.org/10.1038/s41562-
021-01093-w.

Carbone, S.; What Works to Support the Mental Health and Wellbeing of Children Aged 0-12? A Review of the Latest Research Evidence;
Prevention United: Melbourne, Australia, 2021.

van Agteren, J.; Ali, K.; Fassnacht, D.B.; lasiello, M.; Furber, G.; Howard, A.; Woodyatt, L.; Musker, M.; Kyrios, M. Testing the
differential impact of an internet-based mental health intervention on outcomes of well-being and psychological distress during
COVID-19: Uncontrolled intervention study. JMIR Mental Health 2021, 8, e28044. https://doi.org/10.2196/28044.

Darcy, P.M,; Taylor, ].; Mackay, L.; Ellis, N.J.; Gidlow, C.]. Understanding the Role of Nature Engagement in Supporting Health
and Wellbeing during COVID-19. Int. ]. Environ. Res. Public Health 2022, 19, 3908. https://doi.org/10.3390/ijerph19073908.
Markevych, I.; Schoierer, J.; Hartig, T.; Chudnovsky, A.; Hystad, P.; Dzhambov, A.; de Vries, S.; Triguero-Mas, M.; Brauer, M.;
Nieuwenhuijsen, M.; et al. Exploring pathways linking greenspace to health: Theoretical and methodological guidance. Environ.
Res. 2017, 158, 301-317. https://doi.org/10.1016/j.envres.2017.06.028.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



