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ABSTRACT

Introduction Climate change and climate-related
disasters adversely affect mental health. Low- and middle-
income countries (LMICs) are particularly vulnerable to the
impacts of climate change and climate-related disasters
and often lack adequate mental healthcare infrastructure.
We used the scoping review methodology to determine
how exposure to climate change and climate-related
disasters influences the presence of mental disorders
among those living in LMICs. We also aimed to recognise
existing gaps in this area of literature.

Methods This review followed the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension
for Scoping Reviews checklist. To identify relevant studies,
we searched five electronic databases (MEDLINE, EMBASE,
Global Health, APA Psycinfo and Sociological Abstracts)
from 1 January 2007 to 31 December 2019. We also
searched the grey literature. Included studies had an adult-
focused LMIC population, a climate change or climate-
related disaster exposure and a mental disorder outcome.
Relevant study information was extracted and synthesised.
Results Fifty-eight studies were identified, most of

which (n=48) employed a cross-sectional design. The
most commonly studied exposure—outcome combinations
were flood-related post-traumatic stress disorder (PTSD)
(n=28), flood-related depression (n=15) and storm-related
PTSD (n=13). The majority of studies identified a positive
exposure—outcome association. However, few studies
included a baseline or comparator (ie, unexposed) group,
thereby limiting our understanding of the magnitude

or nature of this association. There was also great
heterogeneity in this literature, making studies difficult to
pool or compare. Several research gaps were identified
including the lack of longitudinal studies and non-
uniformity of geographic coverage.

Conclusion To our knowledge, this was the first scoping
review to investigate the relationship between climate
change and climate-related disaster exposures and mental
disorder outcomes in LMICs. Our findings support the need
for further research, but also highlight that mental health
should be a priority within LMIC climate change policy
considerations.

INTRODUCTION

It is undeniable that human activities are
warming the climate at an unprecedented
rate. The average global surface temperature

Strengths and limitations of this study

» To our knowledge, this was the first scoping or sys-
tematic review to assess how exposure to climate
change and climate-related disasters influences the
presence of mental disorders among those living in
low- and middle-income countries.

» The review was conducted using rigorous meth-
ods, upholding the Preferred Reporting Items for
Systematic reviews and Meta-Analyses standards
for scoping reviews. This included a thorough search
of both the academic and grey literature, as well
as the use of two independent reviewers for study
screening.

» Owing to project feasibility, our review was limited
to English-language studies only. This is a common
limitation of scoping reviews.

» We identified a lack of studies with baseline/compar-
ator groups, which made it challenging to determine
the full extent of the association between climate
change and climate-related disaster exposures and
mental disorder outcomes in this population.

rose by 0.85°C between 1880 and 2012 and
this increase will likely exceed 2°C by the
end of the century if inadequate action
is taken.! These environmental changes
severely impact both our natural and human
systems. Climate change reduces crop yields
and biodiversity and increases sea levels and
extreme weather events. This contributes to
catastrophic social and economic disruptions
such as poverty and displacement, as well
as an increased burden on our health and
healthcare systems. Indeed, the 2009 Lancet
Commission on Managing the Health Effects
of Climate Change recognised this issue as
‘the biggest global health threat of the 21st
century’.’

When exploring the health impacts of
climate change, it is important to consider
both our physical and mental health.
Mounting evidence supports a link between
climate change and poor mental health,
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largely through two main pathways: direct and indi-
rect.” Direct impacts involve psychological trauma due to
climate-related disasters such as floods,* b storms,6 7 wild-
fires®” and heatwaves."” " Indirect impacts involve mental
health problems associated with broader climate change-
related events such as gradual temperature increase
and displacement. For example, rising sea levels may
contribute to population displacement, resulting in
mental health problems associated with overcrowding
and poverty.'*?

The Intergovernmental Panel on Climate Change
(IPCC) has recognised that the mental health conse-
quences of climate change and climate-related disasters
often burden already vulnerable populations.'* Indeed,
those living in low- and middle-income countries (LMICs)
disproportionately suffer from the negative effects of
climate-related disasters and from broader environ-
mental changes such as reduced crop yields.15 ' LMICs
also commonly lack adequate infrastructure for mental
health services.'” ' These factors emphasise the reality of
climate change as a health equity issue.”

As of present, few studies have attempted to synthe-
sise existing research on climate change, climate-related
disasters and mental health in LMICs. Rataj et al'’ and
Crabtree® conducted systematic searches on the direct
negative mental health impacts of climate-related
weather events in developing countries; however, they
did not explore the indirect impacts of climate change
on mental health. Additionally, although this field of
research is rapidly growing, there has been no review
of recent literature published within the past 5years. In
comparison to other aspects of mental health, mental
disorders are highly burdensome. In 2010, mental,
neurological and substance abuse disorders accounted
for 10.4% of all disability-adjusted life-years globally.”'
Therefore, assessing the presence of mental disorders
is particularly relevant within the context of climate
change and climate-related disasters. This study used the
scoping review methodology to determine how exposure
to climate change and climate-related disasters influences
the presence of mental disorders among those living in
LMICs. Our secondary objective was to recognise existing
gaps in this area of literature, allowing for future research
and/or policy efforts targeted towards these areas.

METHODS

Scoping reviews systematically identify and map the
evidence base of a particular topic as well as identify
existing gaps in the literature.” They are often used when
a body of literature is heterogeneous in nature. In this
case, the settings and methodologies of studies investi-
gating climate change and mental health vary widely. The
review took place between May 2020 and March 2021 and
followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews
(PRISMA-ScR) checklist®® as well as recommendations

from the Arksey and O’Malley** framework and the
Joanna Briggs Institute (JBI) Reviewer’s Manual.*®

Eligibility criteria
This review included primary studies that took place
in LMICs and assessed either the relationship between
climate change and mental disorders or the relationship
between climate-related disasters and mental disorders
(table 1, online supplemental file 1). Populations located
entirely in LMICs, as defined by the World Bank,*® were
included. Our review focused on adults, defined as studies
where the mean age of the sample was >18 years. We chose
this definition because we felt it was important to capture
studies that primarily included adults but also may have
included a small proportion of children (given that this
situation was common within our area of literature).
Climate change is a complex and multifaceted concept
and therefore no single variable can represent it as a
whole. To capture both the direct and indirect effects of
climate change, we used two main criteria for the study
exposures. Studies were included if their exposure was
either a climate-related natural disaster (direct effects)
or explicitly mentioned by the study author as ‘climate
change’ (indirect effects). The mental disorder outcomes
of interest were anxiety, depression, post-traumatic stress,
acute stress, substance use and addiction, bipolar, schizo-
phrenia, suicidal behaviour and non-suicidal self-injury.
Studies were included if they were published in 2007
or later, given that the majority of relevant research has
occurred since this time.”” Additionally, for feasibility
reasons only English-language studies were included.

Information sources and search strategy

To capture all relevant records, both electronic databases
and the grey literature were searched. Detailed search
strategies are presented in online supplemental file 2. The
searches were conducted between August and September
2020 to identify records published online between 1
January 2007 and 31 December 2019. The following
five electronic databases were searched: MEDLINE via
Ovid (biomedicine, 1946—present), Embase via Ovid
(biomedicine and pharmacology, 1947-present), APA
PsycInfo via Ovid (psychological, social, behavioural and
health sciences, 1806—present), Global Health via Ovid
(global health, 1910-present) and Sociological Abstracts
via ProQuest (sociology, 1952-present). The database
search strategy was designed in consultation with a health
sciences librarian, first developed in MEDLINE and
subsequently translated to the other databases.

To capture relevant studies that may not have yet been
indexed in the electronic databases, we also performed
a manual search of the 2019 volumes of the following
journals: International Journal of Environmental Research
and Public Health, Global Environmental Change, Climatic
Change, Disaster Medicine and Public Health Preparedness,
and Environmental Health. Additionally, the reference lists
of all studies included at the full-text stage were searched
(ie, backward snowballing). Included studies were also
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Table 1 Scoping review inclusion and exclusion criteria

Inclusion criteria

Exclusion criteria

Population » Adult-focused (study population with mean age >18 » Child-focused (study population with mean

years)

age <18 years)

» Study population located entirely in low- and middle- » Any part of the study population located in

income countries at time of exposure (may be located

in more than one)*

high-income countries

Intervention » Climate-related disaster exposure (see online

(Exposure)

supplemental file 1 for list of climate-related

disasters) OR climate change-related exposure (as

identified by the study author)t
Comparison » Any

Outcome » Mental disorders (anxiety, depression, post-traumatic » Mental disorders not evaluated based on

stress, acute stress, substance use and addiction,

DSM or ICD symptoms

bipolar, schizophrenia, suicidal behaviour, non- » Study only measures positive mental health
suicidal self-injury) evaluated based on DSM or ICD

symptoms
Study Design

Any type of empirical literature, including:
» Journal articles (quantitative, qualitative or mixed

» Narrative reviews, syntheses (scoping
reviews, systematic reviews, meta-analyses,

methods) etc), commentaries, editorials, expert
» Grey literature (conference proceedings, opinions
dissertations, government and organisation » Validation studies

documents, policy briefs)

» Non-English language
» Date of publication before 2007+

*Based on the World Bank’s designation of a low- and middle-income country (includes low, lower-middle and upper-middle income

economies).?®

tClimate change is a challenging concept to define and measure. We chose to include studies where the study author explicitly mentioned
that they were investigating the effects of climate change (eg, used the words ‘climate change’ when describing the study exposure).

FThe IPCC’s fourth assessment report (AR4) was published in 2007, in which the authors began to acknowledge the impacts of climate
change on human health and well-being. This approach was taken in a similar scoping review by Middleton and colleagues.?”

.DSM, Diagnostic and Statistical Manual of Mental Disorders; ICD, International Classification of Diseases ; IPCC, Intergovernmental Panel on

Climate Change.

searched in Google Scholar to identify any relevant
studies that had cited them (ie, forward snowballing).

The grey literature search strategy was adapted from
Godin et al® and consisted of three main approaches. First,
targeted website browsing/searching was performed. A
list of relevant organisations was generated through the
authors’ personal knowledge and Google searches of
relevant keywords. If the organisation’s website did not
contain a search feature, we browsed for relevant records.
If the website contained a search feature, a search was also
performed and the first 100 results were scanned for rele-
vance. Second, grey literature databases were searched,
including Google Scholar, BIOSIS Previews and ProQuest
Dissertations & Theses Global. The first 100 results of
each search were scanned. Third, the popular search
engines Google and DuckDuckGo were searched and the
first 100 results were assessed.

Screening

The Covidence systematic review software was used
to organise studies throughout the screening process
(https://www.covidence.org/, Veritas Health Innovation,
Melbourne, Australia). All search results were uploaded
into Covidence and duplicate records were removed. For
feasibility reasons, one reviewer performed a relevancy

screen of all unique records. This was done by scanning
the title and abstract of each record and excluding those
studies clearly irrelevant to the research question (those
that did not have an exposure related to climate change
or the environment, did not have an outcome related
to mental health, did not take place in a LMIC, or were
not primary research). Next, the titles/abstracts of each
remaining record were screened by two independent
reviewers and those deemed irrelevant were excluded.
The reviewers discussed any conflicts and came to mutual
agreement. The remaining studies were screened for
eligibility at the full-text level by two reviewers. At this
stage, specific reasons for exclusion were chosen based on
the following hierarchy: (1) duplicate, (2) non-English
language, (3) wrong study design, (4) wrong popula-
tion, (5) wrong exposure and (6) wrong outcome. Again,
conflicts were resolved through discussion and mutual
agreement.

Data collection and analysis

On finalising the list of included studies, data extraction
was completed using a Microsoft Excel form (online
supplemental file 3). Information was collected on
study design (setting, population, sample size, expo-
sures, outcomes and length of follow-up), baseline
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Records identified through other
search strategies (n=10)

Records identified through
database searching (n=10,200)

l

Total records identified
(n=10,200)

l

Unique records screened for
irelevance (n=6,971)

I

Records screened at title/abstract
level (n=2,435)

l

Full-text articles assessed for
eligibility (n=359)

] ((identification

—  Duplicates excluded (n=3,229)

Trrelevant records excluded

> (n=4,536)

Screening

Title/abstract records excluded
(n=2,076)

Full text articles excluded
(0=311)

Wrong exposure (n=122)

l Wiong study design (n=91)

Wrong population (n=34)
‘Wrong outcome (n=33)
Non-English (n=23)
Duplicate (n=8)

Studies included in qualitative
synthesis (n=58)

[ Included ] [ Eligibility ] [

Figure 1 Preferred Reporting ltems for Systematic reviews
and Meta-Analyses flow diagram. A total of 58 studies were
included in this review.

characteristics, qualitative findings and quantitative find-
ings (including measures of effect). Prior to beginning
the extraction process, the form was piloted on a random
sample of five studies and adjusted accordingly. The final
results were synthesised in the form of qualitative descrip-
tions, tables, frequency counts and conceptually relevant
diagrams.

Patient and public involvement

This review was an analysis of previously published liter-
ature. Thus, patients and the public were not directly
involved inits design, conduct, reporting or dissemination.

RESULTS

Overview

A total of 10200 records were identified through the
electronic database searches. No studies were identi-
fied through the grey literature search. Of the identi-
fied records, 3229 were excluded as duplicates and a
further 4536 were excluded through the single-author
relevancy screen. Two independent reviewers screened
the remaining 2435 records at the title/abstract level
and 2076 were excluded. The resulting 359 records were
assessed for eligibility at the full-text level and 311 were
excluded. Ten eligible records were identified through
the manual searches (ie, backward and forward snow-
balling), contributing to a total of 58 included studies.
Figure 1 displays the PRISMA flow diagram and online
supplemental file 4 contains the details of all included
studies.

As shown in figure 2, the included studies took place
in 11 countries. China and India were the countries of
study location most frequently (n=14each), followed by
Pakistan (n=7) and Vietnam (n=6). The included coun-
tries spanned 4 of the 19 United Nations (UN) subre-
gions. Most studies employed a cross-sectional design
(n=45 cross-sectional; n=3 repeated cross-sectional).

Figure 2 World map showing the number of included
studies conducted in each country. n=14 studies took place
in China, n=14 in India, n=7 in Pakistan, n=6 in Vietnam,
n=4 in the Philippines, n=3 in Thailand, n=3 in Malaysia, n=3
in Mexico, n=2 in Bangladesh, n=1 in Myanmar and n=1 in
Honduras. The high-income countries are coloured in grey.

Other studies used prospective cohort (n=5), ecological
(n=4) and case-crossover (n=1) designs. Sample sizes
of the included studies ranged substantially, with 36%
of studies under 250, 40% between 250 and 1000, and
22% >1000 (note: one qualitative study did not report a
sample size). Eleven studies were published between 2007
and 2012, compared with 47 published between 2013 and
2019. Although this review focused on LMIGs, a total of
11 studies were published with high-income country-only
authorship.

Most (91%) studies investigated the effects of climate-
related disasters on mental disorder (direct effects), while
fewer (9%) investigated the broader effects of climate
change on mental disorder (indirect effects). Table 2
shows the total number of studies assessing any given
combination of climate change or climate-related disaster
exposure and mental disorder outcome. The five most
popular combinations were post-traumatic stress disorder
(PTSD) in a flood setting (n=28), depression in a flood
setting (n=15), PTSD in a storm setting (n=13), anxiety
in a flood setting (n=11) and anxiety in a storm setting
(n=10). Flood exposures were by far the most studied.
The next most popular exposure was storms (including
typhoons, hurricanes and snowstorms), followed by
extreme temperatures. PTSD outcomes were reported the
most often, followed by depression and anxiety. Compar-
atively few studies explored acute stress disorder (ASD),
substance use and suicide outcomes. Of those studies
reporting, length of follow-up ranged from 3weeks to 17
years. Most (n=30) studies followed up within a year.

The included studies used a variety of tools to measure
mental disorder outcomes. A number of studies used
formal diagnoses, obtained through clinician inter-
views based on the Diagnostic and Statistical Manual
of Mental Disorders (DSM) or International Classifica-
tion of Diseases (ICD) criteria. For example, Kim and
colleagues® conducted a physician assessment of PTSD
and ASD based on DSM-IV criteria. Alternatively, other
studies used screening instruments with validated cut-off
scores to establish an informal mental disorder diagnosis.
Idris et a® measured PTSD using the Trauma Screening
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Table 2 A matrix of the included studies (n=58), showing the number of studies investigating a given climate-related disaster

or climate change exposure and mental disorder outcome

PTSD ASD Anxiety Depression Substance use Suicide Other* TOTALY

Drought - - 1 2 = 1 - 4
Extreme temperature 2 2 2 2 2 — 4 14
Flood 28 - 11 15 2 1 S 60
Landslide - - - - - = = 0
Storm 13 2 10 9 1 1 - 36
Displacement 2 = 2 - - = 5
Temperature/ precipitation - - - - — 2 1 3
Totalt 45 4 25 30 5 5 8

The climate-related disaster exposures (direct effects) are highlighted in light green and the broader climate change exposures (indirect

effects) are highlighted in dark green.

*Including: schizophrenia, bipolar affective disorder, any mental disorder.

TFor those studies that identified multiple exposure categories for a single climate change or climate-related disaster event (ie, a natural
disaster that resulted in both flooding and landslides), we chose the primary exposure category. Therefore, each study is associated with a

single climate change exposure.

FMany studies investigated more than one type of mental disorder outcome.

ASD, acute stress disorder; PTSD, post-traumatic stress disorder.

Questionnaire, a 10-item tool derived from DSM-IV
criteria (where a score of =6 is considered the optimal
cut-off point for PTSD) ' The subsequent sections discuss
further details of the study findings within each UN subre-
gion. Furthermore, table 3 outlines the available evidence
for the association between climate change and climate-
related disaster exposures and mental disorder outcomes
in each subregion.

South Asia

Twenty-three studies were conducted in South Asia, with
14 in India,**™* 7 in Pakistan®®®? and 2 in Bamgladesh.53 o4
Many of these studies focused on specific populations,
including women,"” ** farmers,* primary care attendees*’
and postdisaster relief camp attendees.*! *>*© 435051 The
majority (74%) of studies assessed a flood-related expo-
sure (n=15 direct effects of flooding, n=2 broader flood-
related displacement), where mental disorder prevalence
ranged from 0.2% to 100% for PTSD, 0.7% to 61.5% for
depression and 0.1% to 44% for anxiety. The remaining
studies assessed the following exposures: droughts (n=2),
cyclones (n=3) and cumulative temperature and precipi-
tation (n=1).

All but one of the 23 studies used a cross-sectional or
repeated cross-sectional design. Furthermore, one study
was quallitative,39 two were mixed methods*> ** and the
remainder were quantitative. Crabtree™ qualitatively
explored disaster-related experiences and PTSD symp-
toms among community members after the 2008 Kosi
River floods. Semistructured interviews and informal
conversations revealed that many individuals were expe-
riencing symptoms of PTSD and depression up to 18
months post flood. Speaking of their experiences in
disaster relief camps, women commented that they were
‘indecisive and helpless’, and in a state of ‘numbness’,

. . . 239
with their ‘senses not working’.

Three of the 23 studies included some type of base-
line/comparator (ie, unexposed) group, all of which
reported a positive exposure—outcome relationship. For
example, Wind et alP* found significantly higher scores
for both depression and anxiety among flood-exposed
individuals compared with unexposed individuals (both
p<0.001). While the remainder of studies did not contain
an unexposed group, nine assessed climate change or
climate-related disaster exposure severity as a risk factor
for mental disorder outcomes and most reported a posi-
tive association between the two. For instance, Viswana-
than et af® found that presence of both depression and
suicidal ideation was significantly higher among farmers
whose yield was completely eliminated due to drought
compared with those whose yield was not substantially
reduced (p=0.004 depression, p=0.009 suicidal ideation).
Suar and Colleagues37 reported a significant association
between cyclone proximity and both anxiety (p<0.01)
and depression (p<0.05), but not PSTD (p>0.05). The
remaining studies did not directly explore the association
of interest, solely reporting mental disorder prevalence
rates among those exposed to a climate change or climate
disaster event. Rahman et af' and Solangi et alP? both
studied flood-related displacement, a broader climate
change-related exposure. The former study reported a
9% prevalence of PTSD and 44% prevalence of depres-
sion,”’ while the latter reported a 32% prevalence of
PTSD and 39% prevalence of deplression.52

Southeast Asia

Seventeen studies were conducted in Southeast Asia,
with six in Vietnam,”® four in the Philippines,®
three in Thailand,” " three in Malaysia® ®® ® and one in
Myanmar.” Of those studies reporting follow-up lengths,
all but one collected data within a year of the exposure.®
PTSD was the most popular outcome, assessed by 16
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Table 3 Summary of evidence for the association between climate change and climate-related disaster exposures and mental
disorder outcomes, separated by UN subregion. Note that all studies included in this review fell into 4 of the 19 UN subregions

UN subregion

Evidence

South Asia
(23 studies)

Southeast Asia
(17 studies)

East Asia
(14 studies)

In studies with a baseline/comparator (ie, unexposed) group, mental disorders were significantly greater

among those exposed vs unexposed to the climate change or climate-related disaster event.®

In studies without a baseline/comparator group, the risk factors for mental disorders related to climate

change or climate-related disasters were:

» Death/injury (fears or actual): death/injury of loved ones,* 2 injury.>®

» Loss/destruction of possessions: evacuation/loss of property,®® > material loss.

» Physical attributes of disaster event: high water levels,* >® closer proximity to event.* %

» Postdisaster survival: lack of access to basic needs,*® self-perception of being seriously affected.®®

» Greater composite exposure (ie, a sum of relevant individual exposures, for example, death/injury of
loved ones, material loss, fear of death and loss of property).3 46

In studies with an unexposed group, mental disorders were significantly greater among those exposed
vs unexposed to the climate change or climate-related disaster event.>>™7 &1 65
In studies without a baseline/comparator group, the risk factors for mental disorders related to climate
change or climate-related disasters were:
» Deathl/injury (fears or actual): injury,®® ® thinking you might be seriously injured/die,®® being trapped/
having loved ones trapped,®® seeing dead bodies/hearing sounds.%
Loss/destruction of possessions: material loss,” having a pet die/run away.”
» Postdisaster survival: being involved in rescue work,% lack of access to basic needs.®
» Greater composite exposure (ie, a sum of relevant individual exposures, for example, death/injury of
loved ones, material loss, fear of death and loss of property).5° 369859

35 36

In studies with an unexposed group, mental disorders were significantly greater among those exposed
vs unexposed to the climate change or climate-related disaster event.”? "

In studies without a baseline/comparator group, the risk factors for mental disorders related to climate
change or climate-related disasters were:

» Deathl/injury (fears or actual): death/injury of loved ones,
» Loss/destruction of possessions: property damage.
» Physical attributes of disaster event: proportion of area affected by even

7475 7475

injury.
74-76
t 77

» Greater composite exposure (ie, a sum of relevant individual exposures, for example, death/injury of

loved ones, material loss, fear of death and loss of property).

Latin America and the
Caribbean
(four studies)

78-84

In studies with an unexposed group, mental disorders were significantly greater among those exposed
vs unexposed to the climate change or climate-related disaster event.®®

UN, United Nations.

studies with prevalence estimates ranging from 2.5% to
44.5%. Two studies assessed ASD, reporting prevalence
estimates of 2.2% and 22.5%. Furthermore, two studies
measured alcohol-related outcomes; Pollack et al®
reported a 2% prevalence of storm-related alcohol depen-
dence and Sonpaveerawong et al’® reported a 17.2% prev-
alence of flood-related alcohol misuse.

The two most commonly studied exposures were both
typhoons; Xangsane hit Vietnam in 2006 and destroyed
nearly 350000 homes” and Haiyan hit the Philippines in
2018 and killed 6300 people.” Amstadter and colleagues’
conducted a prospective cohort study of those affected by
Xangsane, reporting a post-typhoon prevalence of 2.6%
for PTSD, 5.9% for major depressive disorder (MDD),
2.2% for generalised anxiety disorder (GAD) and 9.3%
for panic disorder (PD). Three secondary analyses” > ®
were conducted using the original dataset from Amstadter
et al”® Four studies observed those individuals exposed to
Haiyan, three of which reported a prevalence of PTSD
ranging between 9.4% and 30%.

Six studies from Southeast Asia included an unex-
posed group, most of which identified a significant
positive exposure—outcome relationship. For example,
Lavenda and colleagues” found a significantly greater
ASD prevalence among those exposed versus unexposed
to Typhoon Haiyan (p<0.001). Similarly, Amstadter and
colleagues™ collected subclinical mental disorder data
before Typhoon Xangsane (using the Self-Reporting
Questionnaire-20; SRQ-20), then re-purposed their study
to gather posttyphoon DSM diagnoses to allow for a
pre—post comparison. The study showed significant asso-
ciations between pretyphoon SRQ-20 caseness and post-
typhoon PTSD (OR 2.76,95% CI1.10 to 6.93), MDD (OR
2.20,95% CI 1.09 to 4.44) and GAD (OR 3.27,95% CI 1.17
to 9.15), but not PD (OR 1.60, 95% CI 0.89 to 2.86). Five
additional studies reported associations between climate
change or climate-related disaster exposure severity and
mental disorder outcomes, with largely mixed results. For
example, Sonpaveerawong et al’® found that experiencing
flood-related injury was significantly associated with risk
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of suicide (OR 15.39, 95% CI 2.52 to 94.13) but not of
PTSD, depression or alcohol abuse (p>0.05).

East Asia

Fourteen studies were conducted in East Asia, all in
China.”™ The most common mental disorder outcome
was PTSD (n=10 studies), with prevalence ranging from
9.5% to 61.9%. Eight studies measured PTSD using the
PTSD Checklist-Civilian version, a 17-item selfreport
instrument that aligns with DSM-IV diagnostic criteria.®
Furthermore, 8 of the 14 studies assessed mental disor-
ders after the 1998 flooding of Dongting Lake, which
affected approximately 223million people.*” Notably,
several studies reported evidence of long-term PTSD due
to this event. Dai et al’”® and Dai et al’* conducted 15-16-
year follow-ups of those individuals diagnosed with PTSD
by Feng et al” 2years post flood, reporting prevalence
estimates of ‘chronic’ PTSD between 15% and 20%.

Two of the fourteen studies implemented an unex-
posed group; both analysed mental disorder hospital
admissions using ICD-10 codes. Liu and colleagues72 used
a case-crossover design to assess the influence of heat
waves (=23days with maximum temperature = 35°C) on
mental disorder hospital admissions in the City of Jinan
and found a significantly higher number of mean daily
admissions during heat wave periods (p=0.016). Similarly,
Zhao et al”® observed a significant relationship between
diurnal temperature range, a known indicator of climate
change,*”® and schizophrenia admissions in the City of
Hefei (p<0.05). Eleven studies reported the association
between climate change or climate-related disaster expo-
sure severity and mental disorder outcomes, with largely
positive results. For example, Dai and colleagues’* found
that presence of PTSD at 15-16years post flood was
significantly associated with experiencing loss of a rela-
tive (OR=12.37, 95 % CI 2.46 to 62.16) and bodily injury
(OR=5.01, 95 % CI 1.92 to 13.08) at time of disaster. Simi-
larly, Dai et al’' reported a strong significant association
between experiencing 23 flood-related stressors (injury,
loss of family members, destruction of home, loss of prop-
erty, etc) and both PTSD (OR 9.48, 95% CI 2.37 to 27.55)
and anxiety (OR 6.19, 95% CI 2.27 to 19.93) at 17-year
follow-up.

Latin America and the Caribbean

Four studies were conducted in Latin America and
the Caribbean, with three in Mexico®™® ™! and one in
Honduras.” Two of these studies used a prospective
cohort design. Kaniasty and Norris’' studied 577 flood-
affected adults at 6, 12, 18 and 24 months post disaster and
reported an initial PTSD prevalence of 24% with a signif-
icant recovery over time (p<0.001). Kohn” measured
PTSD and MDD in hurricane-affected adults at 2 months
(n=800) and again at 2years (n=604) post disaster. Prev-
alence of both disorders remained relatively stable over
time (PTSD 10.6% and 20.5%, MDD 19.5% and 22.3% at
2months vs 2years).

DISCUSSION

This scoping review synthesised available evidence on the
relationship between climate change and climate-related
disaster exposures and mental disorder outcomes in
LMICGs. The review identified a total of 58 relevant studies
spanning 11 countries. Overall, we observed a positive
exposure—outcome relationship. Of those studies with
an unexposed group, the majority identified a significant
positive association between climate change or climate-
related disaster exposures and mental disorder outcomes.
Of those studies assessing climate change or climate-
related disaster exposure severity as a risk factor for
mental disorders, the majority also identified a significant
positive association. These associations were relatively
consistent across exposure types, mental disorders and
UN subregions. Notably, similar reviews have identified
comparable trends.' * For example, in a global meta-
analysis Beaglehole and colleagues” reported a signif-
icant increase in postnatural disaster mental disorder
outcomes (OR 1.84, 95% CI 1.43 to 2.38, p<0.001, n=6
studies).

Despite the overall positive exposure—outcome asso-
ciation identified by this review, it is important to note
that many of the included studies did not use a climate
change or climate-related disaster unexposed group. For
example, just 2/14 studies in East Asia compared mental
disorder outcomes between exposed and unexposed indi-
viduals. Other reviews in this area have identified a similar
gap. 1994 Alternatively, nearly every study presented mental
disorder prevalence estimates, which ranged from 0.1%
to 100%. Similarly, among developing countries Rataj et
al’? identified post disaster prevalence estimates ranging
from 2.6% to 90% for PTSD, 5.9% to 81% for depression
and 2.2% to 84% for anxiety. In a global context, Neria
et al”® reported PTSD prevalence estimates ranging from
3.7% to 60% at 1-2 years post disaster. This wide range
in estimates may be attributable to differences in popu-
lation of interest, sampling technique, follow-up length,
outcome measurement and disaster severity, among other
factors. Ultimately, with little data on unexposed indi-
viduals it is challenging to determine the extent of the
association between climate change and climate-related
disaster exposures and mental disorder outcomes in
LMIC settings. Thus, well-designed studies are needed to
further strengthen this evidence base.

The majority of research identified in this review
focused on the direct pathways through which climate-
related disaster exposures affect mental health, while just
five studies focused on the indirect pathways through
which broader climate change exposures affect mental
health. Climate-related disasters, such as flooding, storms
and heat waves, are relatively easy to quantify. Alterna-
tively, the broader effects of climate change, including
displacement and gradual temperature change, are more
challenging to identify and measure as they occur over
extended periods of time and without set start and end
dates. As stated by Berry et al”® this trend aligns with
the broader epidemiological literature where much of
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the focus lies on proximal, rather than distal, causes of
disease. Thus, future research should focus on better
understanding the mental health impacts of the broader
effects of climate change within LMICs, which although
less obvious, are no less important.

Relatively few studies explored suicide, substance-
related, bipolar and schizophrenia outcomes, while most
explored PTSD, anxiety and depression outcomes. In
particular, suicide is the 15th leading cause of death glob-
ally. Suicide places a large mortality burden on LMICs,
which make up 75% of global cases.”” While the litera-
ture has established links between various elements of
climate change or climate-related disasters and suicide,”
our review suggests that little of this research was
conducted in LMICs. One explanation may be the stigma
surrounding suicide in these countries.”” * Data from the
World Mental Health survey showed that of those experi-
encing suicidality in high-, middle- and low-income coun-
tries, 56%, 28% and 17% sought treatment in the past
12 months, respectively.” Moving forward, efforts should
be made to reduce the stigma surrounding suicide and
mental health in general within LMICs.

Much of the existing research was concentrated in
particular geographic areas, namely southern and eastern
Asia. No studies were conducted in South America or
Africa. Despite its absence in this body of literature, the
IPCC identified Africa as one of the regions most vulner-
able to climate change.'” Current and future trends
indicate serious climate-driven threats to food and water
security, crop productivity, infrastructure and economic
stability. As identified by Rataj et al,'® poverty likely
contributes to a lack of adequate research infrastruc-
ture and data reporting among many African countries.
Improved data collection and monitoring is essential for
understanding the relationship between climate change/
climate-related disasters and mental health and thereby
supporting future adaptation efforts. A 2015 review of
African climate adaptation initiatives found that just 4%
came from the public health sector.'”!

Of the included studies, 83% used a cross-sectional
design. Other systematic reviews have identified compa-
rable proportions of cross-sectional studies.'” ** In some
cases, the cross-sectional design can be prone to bias. For
example, we often cannot determine whether a climate-
related disaster exposure preceded a mental disorder
outcome, creating a lack of temporality. Ultimately, we
require stronger study designs to better understand the
association between climate change and climate-related
disaster exposures and mental health outcomes. Others
have discussed the utility of longitudinal designs for
capturing changes in mental health over time against
climate change and climate-related disaster exposures.?” *®
Included in our review, Kaniasty and Norris’ measured
prevalence of PTSD among residents at 6, 12, 18 and 24
months post flood disaster in Mexico. In the Philippines,
Amstadter et al’® assessed the mental health of residents
before and after Typhoon Xangsane. While longitudinal
studies are generally superior, it is important to consider

the context of this research. Many studies took place in
a postdisaster setting, presenting various challenges.
Particularly in LMICs, infrastructure may not be present
to support costly and time-consuming data collection
efforts. Factors such as displacement and lack of docu-
mentation may limit the ability of researchers to collect
repeated measures in these settings.'"

We observed substantial between-study heteroge-
neity in terms of outcome measurement. Some studies
used formal diagnostic tools based on the DSM or
ICD,* 7% while others used validated screening instru-
ments to establish an informal diagnosis.” ** ** These
differences likely contributed to the observed variation
in disorder prevalence estimates. For example, Chan-
naveerachari et al”® reported a PTSD prevalence of 0.7%
among flood-affected individuals in India, assessed by a
psychiatrist using ICD-10 criteria. Alternatively, Chung et
al’® reported a PTSD prevalence of 100% after a flood
exposure in Pakistan, assessed using the PTSD Diag-
nostic Scale screening tool. Screening instruments are
an important tool for assessing the presence of mental
disorders in LMIC settings, where healthcare workers
may not be qualified or may not have time to administer
complex diagnostic interviews.'” In terms of diagnostic
tools, differences also exist between the DSM and ICD. In
a comparison of the DSM-IV and ICD-10 DCR criteria for
PTSD, Peters et al'™ reported 12-month prevalence rates
of 3% and 7%, respectively (xk=0.50 for level of agree-
ment). Thus, when interpreting and comparing study
findings, it is important to consider the outcome assess-
ment tools used.

Strengths and limitations

This review had several strengths. First, to our knowledge
no other scoping or systematic review has addressed our
specific research question. Beaglehole et al”® conducted
a systematic review and meta-analysis of psychiatric
disorders and psychological distress after natural disas-
ters; however, they included disasters likely unrelated to
climate change and were not LMIC-focused. While Rataj
et al’® and Crabtree® reviewed the mental health impacts
of climate-related weather events in developing countries,
they did not evaluate the broader, indirect impacts of
climate change. Therefore, our review provided a unique
understanding of the impacts of climate change and
climate-related disasters on mental disorder in LMICs.
Second, we conducted the review in accordance with
recommendations from the Arksey and O’Malley frame-
work, PRISMA-ScR checklist and JBI Reviewer’s Manual,
three widely used standards supporting the execution of a
high-quality review. As per these standards, two indepen-
dent reviewers completed the study screening, thereby
reducing bias in the evidence selection process. Third,
we used rigorous methods to collect evidence for this
review. In consultation with a librarian, we searched five
electronic databases, recent issues of five relevant jour-
nals, and the grey literature. We also performed backward
and forward snowballing of all included studies, which
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identified several studies several LMIC-based academic
journals including Walailak Journal of Science and Technology
(Thailand), CHRISMED Journal of Health and Research
(India) and International Journal of Health System and
Disaster Management (Iran). In doing so, we minimised the
number of studies missed because they were not indexed
in the chosen electronic databases.

This review also had limitations. For one, we observed
substantial variation in study quality. For example,
some studies provided little-to-no information on their
sampling techniques, measurement tools and/or statis-
tical analysis. This suggests that our conclusions were not
entirely based on high-quality evidence. In addition, we
included English-language studies only. As such, 23 non-
English studies were excluded at the full-text stage. This
decision was made due to project feasibility; however,
non-English studies making useful contributions to the
research question were therefore excluded. Similarly, we
limited our search to exclude sources published before
2007. This was supported by the fact that the IPCC’s
fourth assessment report was published in 2007, in which
the authors first acknowledged the impacts of climate
change on human health and well-being.?” Nonethe-
less, we may have excluded relevant studies that were
published before 2007. The limitations associated with
our search strategy may have prevented us from capturing
an entirely comprehensive overview of the literature.
Finally, due to the large volume of studies returned by
the electronic database search (6971 unique records), we
conducted a single-author relevancy screen of all records
as the first screening stage. This decision was made due
to feasibility purposes, substantially reducing the number
of studies left for formal screening by two independent
reviewers at the title/abstract stage (2435 records).
Although evidence suggests that use of a single reviewer
can be suboptimal in some scenarios,'” our study only
used a single reviewer to screen out the studies that were
clearly irrelevant. Therefore, we believe that the propor-
tion of studies missed was lower than if the single reviewer
had been using our formal eligibility criteria.

CONCLUSION

To our knowledge, this was the first scoping review to
assess the relationship between climate change and
climate-related disaster exposures and mental disorder
outcomes within LMICs. Those living in LMICs are partic-
ularly vulnerable to the effects of climate change and
climate-related disasters and also lack adequate mental
health supports. Overall, we observed a positive associa-
tion between climate change and climate-related disaster
exposures and mental disorder outcomes. However, we
also observed substantial methodological heterogeneity,
likely related to the emergency and under-resourced
settings in which many of these studies took place. Moving
forward, future research should focus on addressing
various gaps in the literature, such as the lack of unex-
posed groups and geographical non-uniformity.

The findings of this review support the consideration of
mental health within LMIC climate change policy. Various
policy-level solutions can help to improve mental health
within the context of climate change and climate-related
disasters, such as improved access and funding for mental
health services, increased mental health surveillance and
monitoring, adaptation and resilience planning within
the mental healthcare system, and specialised mental
health training for care providers and first responders.'”®
Overall, this review supports the need to address mental
health as a priority in future climate change action.
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