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Abstract: Climate Change (CC) imposes important global health risks, including on mental health
(MH). They are related mostly to psychological suffering caused by climate-related events and to
the heat-vulnerability caused by psychiatric disorders. This growing burden may press MH services
worldwide, increasing demand on public and private systems in low-, middle-, and high-income
countries. According to PRISMA, two independent reviewers searched four databases for papers
published before May 2022 that associated climate-related events with healthcare demand for psy-
chiatric conditions. Of the 7432 papers retrieved, we included 105. Only 29 were carried out in low-
and middle-income countries. Twelve related the admission numbers to (i) extreme events, while
93 to (ii) meteorological factors—mostly heat. Emergency visits and hospitalizations were signifi-
cantly higher during hot periods for MH disorders, especially until lag 5-7. Extreme events also
caused more consultations. Suicide (completed or attempted), substance misuse, schizophrenia,
mood, organic and neurotic disorders, and mortality were strongly affected by CC. This high
healthcare demand is evidence of the burden patients may undergo. In addition, public and private
services may face a shortage of financial and human resources. Finally, the increased use of
healthcare facilities, in turn, intensifies greenhouse gas emissions, representing a self-enforcing cy-
cle for CC. Further research is needed to better clarify how extreme events affect MH services and,
in addition, if services in low- and middle-income countries are more intensely demanded by CC,
as compared to richer countries.

Keywords: climate change; mental health; psychiatric services; services demand

1. Introduction

Climate is changing drastically and unprecedentedly [1-3]. Recently, the eight con-
secutive years from 2015 until 2022 were considered the warmest years since the begin-
ning of temperature measurement [4,5]. Concomitantly, extreme events have become
more visible and deadly [6]. Still, this threatening scenario tends to be aggravated, con-
sidering that only few countries have met their Nationally Determined Contributions
(NDCs) so far, and that greenhouse gas emissions (GHG) continue to grow every year
[7,8].

This wide range of climate change-sensitive variables—weather components poten-
tially worsened by climate change (CC)—imposes consequences on human health. They
were extensively explored during the past decades by the intersection between environ-
mental and health research, but in contrast to the somatic medical conditions, much less
is known about the mental health (MH) impacts of CC. Based on Verner et al. (2016), the
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Figure S1 and Table S1 in Supplementary Materials displays the publication numbers
from the main health domains and compares them to how mental health received late
scientific attention, in the context of CC [9].

The available literature could already indicate how CC can interfere on MH, as well
[10]. In this scenario, there are specific reasons why MH patients are in a vulnerable con-
dition. The main contributors are the heat intolerance created by the disorders, pre-exist-
ing social and economic vulnerability, and psychotropic drugs used as treatment [10-13].

This burden may be still intensified, due to the high rates of psychiatric disorders
worldwide. Since 2005, there has been a growth of approximately 15% of the prevalence
of common mental diseases, and, among youth, they occupy the leading cause of health
afflictions in the United States [14,15]. The incidence during lifetime can reach levels up
to 50% of the population, depending on the country [16]. Finally, once it is diagnosed, the
condition imposes an important disability on the patient [17].

This health disturbance can be reflected in the overload of health systems worldwide,
increasing costs for both public and private sources [18,19]. This acute effect can be meas-
ured through different methods. In a country where healthcare is effectively delivered,
service utilization—emergency department visits, hospitalization, scheduled outpa-
tients —is usually considered the most accurate method for acute needs, as it has the po-
tential sensitivity for fluctuation according to external situations [20].

Contrarily, what happens in low- and middle-income countries is that the funding
for mental illness care does not reflect the real need and corresponds to a median spending
of less than 1% of their health budget [19,21-23]. Human resources are also scarce, and,
commonly, there is only one psychiatrist responsible for thousands of patients [24]. In this
case, the admission numbers, despite still being the best possible measurement, are prob-
ably fewer than anticipated, when compared to an ideal scenario. In both described cases,
high- or low- and middle-income countries, the psychiatric health demand will gradually
continue to pressure the systems, considering that CC tends to intensify and create new
climate-related events [2,10].

Therefore, from a public health perspective, it is important to differentiate and focus
on conditions that are potentially long-lasting or overwhelming for the collective. In ad-
dition, the recent terms ‘climate change distress’, ‘eco-anxiety’, and ‘solastalgia” are terms
used to describe the uncertainty and fear produced by CC, and they were found by Charl-
son et al. (2021) [25] to be among the most prevalent outcomes measured by the studies,
even though they are often considered limited conditions [26]. By using health services as
the final measure, we tend to delineate these conditions and then be more objective about
the long-term burden.

One similar review, which also analyses mental health services demand, was recently
conducted in Australia, with specific focus on heatwaves. The authors—Mason and Col-
leagues, 2022 [27] —indicate that such evidence is important to increase preparedness of
health systems across the country, in order to supply and balance the demand of warmer-
than-average periods.

Therefore, the purpose of this review is:

1. To investigate the demand for mental health services caused by CC worldwide—
hospital admissions (HA), emergency department visits (EDV), outpatient consulta-
tions, and ambulance dispatch—due to psychiatric symptoms, disorders, or mortal-
ity.

2. To identify which of these disorders are responsible for the consultations, in the af-
termath of CC variables.

3. To compare health services use in low- and middle-income countries to that in high-
income countries and examine how these populations are undertreated for having
less access to healthcare services.

To the best of our knowledge, this is the first systematic literature review to focus on
the effective health system burden correlated to CC and psychiatry.
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2. Materials and Methods

This systematic literature review was conducted in accordance with the PRISMA
guidelines (Preferred Reporting Items for Systematic reviews and Meta-Analyses) [28]
and registered in PROSPERO (2022, CRD42022353023) [29].

Papers were retrieved using the applied search terms on the databases PubMed, Em-
base, Web of Science, and PsycInfo, which were published until 10 May 2022, without date
limit.

The keywords from two categories were combined in the following search terms, us-
ing Boolean operators (detailed search terms and Boolean operators can be found in Sup-
plementary Materials—Table S2): climate change, global warming, heatwave, hot temper-
ature, natural disaster, psychiatric disorder, mental disorder, suicide, suicide attempt, de-
pression, mania, schizophrenia, dementia, substance abuse, bipolar disorder, psychosis,
organic disorder, anxiety disorder, neurotic disorder, neurocognitive disorder, and, lastly,
post-traumatic stress disorder.

These psychiatric disorders were previously related to being susceptible to CC
[10,25,30]. The search words are either MeSH terms or specific disease names listed on the
International Classification of Diseases—10th revision (ICD-10th) (Supplementary Mate-
rials—Figure S2) [31].

The CC variables were considered to be all the possible components that can be po-
tentially influenced or worsened by CC: meteorological factors (mostly heat) and extreme
events [2]. In this context, air pollution was not included in this review, since it is consid-
ered to be one of the causes of CC, instead of a consequence of it. Still, ‘hot temperature’,
‘heat’, or ‘warmer than average’ were temperature values above a certain threshold spec-
ified by the author (Supplementary Materials—Table S3).

2.1. Studies Selection and Quality Assessment

In the first phase, during the title and abstract selection, the papers were kept if se-
lected by at least one of the two independent readers (J.C. and A.H.), through the online
selecting tool for systematic reviews Rayyan [32]. Then, the selected papers were full text
reviewed according to the inclusion and exclusion criteria. In the full text selection, both
readers agreed on its inclusion, otherwise a third independent reader was required to de-
cide. Detailed inclusion and exclusion criteria can be found in Table 1.

Table 1. Eligibility criteria: inclusion and exclusion criteria for the selection of papers.

Inclusion Criteria Exclusion Criteria

Literature and Population
- Peer-reviewed and original articles.
- All countries.

- Full text not available.

- All age groups. . .
ge group - Non-peer reviewed articles, confer-
) Both sexes. ence presentations, opinion papers, reviews
- With pre-existing disorder or with first P . » OP papers, '
. . - Grey literature (books, government re-
diagnosis.

- Languages: English, Spanish, Porty POt Interviews, etc).

guese, or German.

Exposures
- Studies related to other biological spe-

- All variables considered ConsequencesCles
of climate change or climate Change-sensitive-

(heat, heatwaves, extreme events, sea levelap
rising, etc.). )

Direct interventions, e.g., psychother-
y or educational measures.

Studies that do not state a comparative
value or threshold, in case of hot days OR the
used classification for heatwaves.
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- Air pollution or quality of air as iso-
lated exposure were excluded, for being a
cause of CC, and not a consequence of it.

- Seasonality as the only exposure vari-
able.

Outcomes

- Admission numbers to urgent care and

emergency units or other sources of health All health outcomes not related to
systems use (ambulance dispatch, phone
mental health.

calls, etc.) due to mental health symptoms_ Passive measurement of svmptoms b
(ICD-10 from FO0-F99) or suicide attempt = cool ¢ measurement of symptoms by
questionnaires or subjective perception.

(ICD-10 from X60-X84). . .
. . - Anxiety, depression, and post-trau-
- Either the formally diagnosed or .

. . matic stress symptoms due to extreme
simply the symptoms considered, by the . . .

. 7 . . __events measured passively with question-
time of admission, compatible to such disor-_ . . . .
ders naires or self-perception during community

assessments.

- Completed suicide numbers. . . . .
o . . . - Violence or aggression against a third
- Mortality in patients with a primary arty

MH disorder that was disrupted, according
to the authors, by any CC variable.

Studies that did not explicitly analyze the impact of CC variables on health services
demand due to psychiatric causes (symptoms, disorders, or mortality) were excluded.

Before data appraisal, the ‘quality assessment tool for Observational Cohort and
Cross-Sectional Studies” or ‘for Case-Control studies’, depending on the design of the an-
alyzed study, of the National Institute of Health (NIH) was used by the two reviewers,
also independently, to determine the final eligibility for the included papers (Supplemen-
tary Materials—Table S4) [33]. Studies were assessed as either ‘poor’, “fair’, or ‘good’. The
‘poor’ quality studies were excluded. In case only one of the reviewers rated the study as
‘poor’, a third independent reader was required again. Otherwise, if the two assessments
were considered at least ‘fair’, the study was included. Each question from the NIH ques-
tionnaires received 1 score. In case a study achieved less than 50% of the maximum score,
it was considered ‘poor’. Between 50% and 74% were placed in the ‘fair’ category, and,
finally, the ‘good” were the ones that scored 75% or more.

2.2. Data Appraisal

Given the two different mechanisms by which CC may affect MH, the studies were
distributed in the following major groups for data appraisal: (i) extreme events and (ii)
meteorological variables. Even though a heatwave is considered an extreme event, it was
placed in the last group (ii), together with hot temperature, since both act through the
same mechanism on MH patients. In each of the groups, the corresponding diseases’ clas-
sification followed the ICD —10th revision.

First, the subgroup called ‘MH in general’ comprises the unclassified outcomes, in
which the authors represented all of the psychiatric conditions. Secondly, the specific out-
comes were grouped as follows: organic disorders (FO0-F09), substance misuse (F10-F19),
schizophrenia (F20-F29), mood disorders (F30-F39), neurotic disorders (F40-F48), behav-
ioral disorders (F50-F59), personality disorders (F60-F69), intellectual disabilities (F70-
F79), specific developmental disorders (F80-F89), and behavioral and emotional disorders
with onset usually in childhood (F90-F99) (ICD-10th detailed in Supplementary Materi-
als—Figure S2). Still, suicide attempts or completed suicides were also listed separately.
The last classification was called “mortality’, and corresponded the cases of death linked,
by the authors, to a MH cause.

In case papers addressed multiple human disorders, the only retrieved data was the
one corresponding to MH.
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3. Results

We performed an extensive literature review and could rely on a relatively large
number of studies (n = 105). The vast majority of the studies here comprised were ‘fair’ in
quality (n =91), and only 1 was graded as ‘poor’ and, therefore, excluded from the analy-
sis. Still, 14 papers were rated as ‘good’.

From the 7432 papers searched via four databases (PubMed = 1183, PsycInfo = 752,
Embase = 2286, and Web of Science n = 3211), we included 105 for data extraction (Figure
1). The general information from included studies can be found in Table 2, including the
number of each type of health service that was approached. A more detailed table is in-
cluded in the Supplementary Material (Table S4). The CC variables were found to be pre-
dominantly heat and heatwaves (1 = 92; 87.6%). Only one study reported other meteoro-
logical exposures, snow and rain, which they reported to be associated with CC. Few ar-
ticles (n =12; 11.4%) studied the influences of extreme events on psychiatry.

[ Identification of studies via databases ]

Records identified from:
PubMed (0= 1153) .
! Duplicate records removed
Paycindo (n = 752) F—
E:TE:,: .;I: = 2288) pefore title screening (n = 2772)
Web of Science (n = 3211)
Total: 7432 records

!

Records screened by title Records exciuded
(n = 4580) [n = 3852)

ldentificati

ManCC vanables (n=68]

i Records excluded (n = §30)

Man-psychiatric nekevant or absence of
Records screened b}' abstract | PEalth sendces demand {n=509)
(n =808) Farsgn languages (n=12}
Intarveiifion, non-peerreviewed o
i spstematic review n=081}

Screening

Records exciuded (n = 28)
Records screened by full text Full tet neak avail able {n=d)
(n=128) MNan-CC vamables (n=3)

MNan peychiatic cutoomes (n=2}
Ban refated o healih services
usein=2]
Brasanality (n=2)
MAir polludion {n=7}

Studies included in review
(n=108)

Studies excluded during quality
assessment (n = 1)

Studies included for data
appraisal (n = 105)

Figure 1. PRISMA diagram for Systematic Literature Reviews [28].
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Table 2. General characteristics of all the included studies. * Weather variables included: snow and
rain, temperature variability, temperature change between neighboring days, and daily excess
hourly heat. The order studies were placed in the table was, as follows: MH in general or multiple
types of disorders and, then, the sequence of specific ICD-10th, from F00 to F99. Mortality and sui-
cide were placed next. Lastly, the extreme event-related outcomes.

Exposure MH Outcome MH Service Demand
3
g
s,
o)
£
g T . E
. 2 S Z g
L SR N oo} >
0 = & o 5 = g <« g5 °0 g
S S c,2-_28_ 25328 EEESE 5 g
) E=l] e85 P2 3dDT 5 5L B S .= o a8 G ® 15
> o & ST 23T 28 sET E E g &2 5 8 8
> 5> 95208 083 22T UL 8T EgS 2Rl 2
8w 5 0 g @2 e Q229 v 35 238G S g =2 - = 5 ©
< E o B 805 L T = S a Q. o & & &8 & -
EZsc g ogfEB8gEERE2E 82228 °
= = & & 8§ 9 Ro T 3=~ &= = S =
EERTERSERE R AR RS R IER LER :
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E 5SS S6E7F2 822 8A8L8E0 & g
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5 < ) Q
g 2 = g
- s @ E
z z :
5
9
5
[
S
]
No. of studies (n) REDwdBERLRIEvwraxrdgdao~F 2w
Lee et al. (2018), South Korea L.
X X X X X X X Relative risk
[34]
Chan et al. (2018), Japan [35] x X X X Relative risk
Zhang et al. (2020), China [36] x X X X X X Odds ratio
Nori-Sarma et al. (2022), USA . .
X X X X X X X X X X Incidence rate ratio
[37]
Trang et al. (2016), Vietham . .
& ( ) X X X X X X X X X X X Relative risk
[38]
Trang et al. (2016), Vietham . .
& ( ) X X X Relative risk
[39]

Basu et al. (2017), USA [40] x x X % change
Yoo et al. (2021), USA [41] X X X X X X Relative risk
Hansen et.al. (2008), Australia . .

[42] X X X X X X X X X X X X X X X Incidence rate ratio
Middleton et al. (2021), Can- . .
X X X x Incidence rate ratio
ada [43]
Vida et al. (2012), Canada [44] x X X Incidence rate ratio
Wang et al. (2013), Canada . .
& ( ) X X X X X X Relative risk
[45]
Niu et al. (2020), China [46] x X X X X X Relative risk

Liu et al. (2018), China [47]

X
X X X Odds ratio

Excess relative risk

Sun et al. (2021), USA [48] x X
Shiue et al. (2016), Germany « Cx X X X x N Correlation
[49]
Settineri et al. (2016), Italy [50] x X X X X Correlation
Yoo et al. (2021), USA [51] X X X X X X Relative risk
Peng et al. (2017), China [52] x X Relative risk
Schmeltz et al. (2017), USA . .
X X X X X X X X X X Risk ratio

(53]
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Min et al. (2019), China [54] x X X X Relative risk
Bundo et al. (2021), Switzer- s
X X X X X X X X X X X X X X Relative risk
land [55]
Xu et al. (2018), Australia [56] X X X Relative risk
Wondmagegn et al. (2021), . .
Australia [57] X X X Attributable risk
Nitschke et al. (2007), Aus- . .
. X X X X X Incidence rate ratio
tralia [58]
Dang et al ([25(;2)' Vietnam X X X X X X Relative risk
Carlsen et al. (2019), Sweden o
[60] X X X Jochange
Khalaj et al. (2010), Australia .
[61] X X X Relative odds
Williams et al. (2011), Aus- . .
i X X X X Incidence rate ratio
tralia [62]
Calkins et al. (2016), USA [63] x X X X Relative risk
Wei et al. (2019), USA [64] x X X X Razard ratio
Culqui et al. (2017), Spain [65] x X X Relative risk
Xu et al. (2019), Australia [66] X X X X Relative risk
Gong et al. (2022), England « « « Relative risk
[67]
Zhang et al. (2016), Australia « N N Odds ratio
[68]
Pan et al. (2021), China [69] X X X X Relative risk
Zhao et al. (2016), China [70] X X X Relative risk
Yietal. (2019), China [71] x X X Relative risk
Pan et al. (2019), China [72]  x x x Attributable and rela-
tive risk
Pan et al. (2021), China [73] x X X Relative risk
Zhao et al. (2016), China [74] X X X X Relative risk
Tang et al. (2021), China [75] X X Relative risk
Sung et al. (2011), Taiwan [76] x X X X Relative risk
Shiloh et al. (2004), Israel [77] x X X Correlation
Wang et al. (2018), China L
(135) [78] X X X Relative risk
Chen et al. (2018), Taiwan [79] x X X Hazard ratio
Parker et al. (2016), Australia .
X X X Correlation
[80]
Medici et al. (2016), Denmark « « « Regression correla-
[81] tion
Volpe et al. (2006), Brazil [82] x X X Correlation
Shapira et al. (2004), Israel « « N Correlation
[83]
Volpe et al. (2010), Brazil [84] x X X X Correlation
Medici et al. (2016), Denmark .
X X X Correlation
[85]
Zanobetti et al. (2013), USA « N Odds ratio
[86]
Ho C. H. & Wong M. S. . . .
(2019), China [87] X X Incidence risk ratio
Stivanello et al. (2020), Italy « « Odds ratio
[88]
Astrom et al. (2015), Italy and « « Relative risk

Sweden [89]
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Kim et al. (2015), South Korea

[90] X X X X X X X X Relative risk
Relati tali -
Rey et al. (2007), France [91] X X X clatve rzzr ality ra
Page et al. (2012), England « « x « Relative risk
(11]
Rocklov et al. (2014), Sweden « « « Odds ratio
[92]
Bark, Nigel (1998), USA [93] X X X Relative risk
de’Donato et al. (2007), Italy « « N %change
[94]
Kollanus et al. (2021), Finland N N « %change
[95]
Gu et al. (2020), China [96] x X X Relative risk
Florido Ngu e.t al. (2021), 60 X X X Incidence risk ratio
countries [97]
Kubo et al. (2021), Japan [98] x X X Relative risk
Santurttn et al. (2018), Spain « « « %change
[99]
Williams et al. (2015), New X X X Increase in incidence
Zealand [100]
Grijibovski et al. (2013), Ka- .
h
zakhstan [101] X X X ochange
Bar et al. (2022), Switzerland « N « Relative risk
[102]
B ian inf ti
Chau et al. (2020), China [103] x X X aye“:?iti‘riz;ma on
Lin et al. (2008), Taiwan [104] x X X Correlation
8
©
°
L
]
o}
=z £ =
5 : 3
v, 2 £ B <
) S o (2 o > = g)o
T 2P, _ 23y _ o533 EePsEE58 e £
— G = 9] c = = = - O U ° «© B = ]
S W EX S LS ZESESESEESEESZ 2T 2 g
cE -tz :8EZE2SERECT S ES Z gEd g
EE5 27 %5525 -2 888885 sE3% ¢ S
EESfEso 28R e S 2Es k8 S
EEEEEREEE R R - 2
ET S EEE 8288 C5E£:2 PRz E : Z
=i ummzngmzaméméaagggg = s
s =£E o 25528 or § g S
5 [ m = Q %}
E g 4 5
2 ! >
A =
5
8]
5
]
<
]
]
Helama et al. (2013), Finland « « Correlation
[105]
Ruuhela et al. (2009), Finland N « Regression coefficient
[106]
Aguglia et al. (2021), Ital .
gugiace [?07(] ), Ttaly X X Correlation
Barve et al. (2021), India [108] x X X %change
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Akkaya-Kalayci et al. (2017),

Turkey [109] X X Correlation
Mueller et al. (2011), Germany o
(110] X X Jochange
Pan et al. (2022), Japan [111] X X Relative risk
Burke et al. (2018), USA and « « o change
Mexico [112] ochang
Preti et al. (2007), Italy [113] X X X Correlation
Kim et al. (2018), 12 countries N « Relative risk
[114]
Hu et al. (2020), China [115] X X X Relative risk
Cheng et al. (2021), USA [116] X Incidence risk ratio
Page et al. (2007), England o
and Wales [117] X X X lchange
Casas et al. (2021), Belgium . .
[118] X X Risk ratio
Sim et al. (2020), Japan [119] X X Relative risk

Gaxiola-Robles et al. (2013),

Coefficient of deter-

Mexico [120] X X mination
Yarza et al. (2020), Israel [121] X X Odds ratio
Likhvar et al. (2010), Japan « « Risk estimate
[122]
Deisenhammer et al. (2003), L
Austria [123] X X Relative risk
Holopainen et al. (2014), Fin- .
land [124] X X X Correlation
Bozsonyi et al. (2020), Hun- « « Stationary R squared
gary [125]
Begum et al. (2022), USA [126] X X X X X X X X Risk Ratio
Phillipoi . - —
illippi et al. (2019), USA < x N < x « Descriptive compari
[19] son
Wu et al. (2021), China - Lu'na « « « Relative risk
[127]
Reifels et al. (2015), Australia « < x « Incidence Rate Ratio
[128]
Shih et al. (2020), Taiwan « < x x « %increase in inci-
[129] dence
Krug et al. (1998), USA [130] X X X %change
Matsubayashi et al. (2012), Ja- %increase in inci-
X X X
pan [131] dence
Lee et al. (2019), South Korea « « « Relative risk
[132]
Richardson et al. (2020), India « « « Relative risk
[133]
Alam et al. (2022), India [134] X X X Relative risk
Hanigan et al. (2012), Aus- . .
tralia [135] X X X Relative risk
Horney et al. (2022), USA « « « %change and rate

[134,136]

difference

The Figure 2 displays the number of included articles according to the year of publi-
cation. This review found, as expected and previously discussed, an increase in publica-
tion numbers, especially after 2016. Until May 2022, a total of 12 studies had already been
published and are included here, following the positive trend.
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Included studies according to the year
of publication

20
15
10

o wn

I R AN I 2 I T WNC S
F K O F PSSO
A O L S S S S
—— N of included studies
Figure 2. Included studies according to the year of publication.

Twenty-nine studies (27.5%) were carried out in low- and middle-income countries.
China contributed the most, with 19 publications. Figure 3 displays how the studies are
spread in the world, evidencing the central role of high-income countries.

Studies per country

@ 6-19
@ -6
-

B 3-7
1=3
0-1
0-0
Figure 3. Global distribution of studies. Note: white color corresponds to missing studies in that
country. Created with: paintmaps.com, accessed on 10 October 2022.

Hospital admission (1 = 34) and completed suicide (1 = 34) were found to be the most
studied types of services. Even though suicide is not a service per se, it certainly requires
specific sectors of the health system to be addressed. Emergency department visit was, as
well, often studied (n = 20), followed by mortality (1 = 15). Together, phone calls, ambu-
lance dispatch, outpatient visits, and other types of provided healthcare were poorly re-
searched (n = 10) and could, in the future, receive more focus from science. In addition, no
significant difference among them was found, and it seems that healthcare services are
equally demanded. Figure 4 lists the measure of effect and displays them according to the
used service.
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Relative risk

RR*16.68
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Figure 4. Forest plot of significant results (relative risk), divided by type of demanded service. The
numbers on the y-axis represent the study references. Abbreviations: AD: ambulance dispatch; EDV:
emergency department visit. RR * represents the respective RR upper limits.
3.1. Extreme Events (n=12)
Twelve papers (1 = 12; 11.4%) correlate CC-related extreme events with psychiatric
consultations. The significant results are presented in the following Table 3, considering a
confidence interval of 95%. They are divided by type of service used and by the MH con-
dition. In addition, the disasters responsible for the results can be found after each confi-
dence interval. It is important to point out that the authors often presented a great range
of results, given the different lags approached. Therefore, the results displayed in Table 3
represent the highest impact found by each of them, positive or negative.
Table 3. Extreme events.
Disorder Group N. Main Results (* CI 95%)
EDV MH in general 1 Risk ratio 1.32 * (1.24-1.40)—hurricane [126]
Substance misuse 1 Risk ratio 1.44 * (1.23-1.65)—hurricane [126]
Mood disorders 1 Risk ratio 1.59 * (1.39-1.80) —hurricane [126]

Neurotic disorders

N

Risk ratio 0.79 * (0.72-0.86) — hurricane [126] | Risk ratio 0.80 * (0.73-0.87) —hur-
ricane [126]

Suicide behavior 1 Risk ratio 1.76 * (1.72-1.80) [126]
HA MH in general 1 Risk ratio 1.08 * (1.05, 1.10)—hurricane [126]
Substance misuse 1 Riskratio 1.12 * (1.04-1.21) —hurricane [126]
Schizophrenia 1 RR1.056 * (1.003-1.110) —extreme precipitation [127]
Mood disorders 1 Risk ratio 1.67 * (1.47-1.87)—hurricane [126]

Neurotic disorders

N

Risk ratio 1.26 * (1.21-1.31) —hurricane [126] | Risk ratio 0.85 * (0.77-0.94) —hur-
ricane [126]

Suicide behavior

—_

Risk ratio 0.68 * (0.62—0.63)—hurricane [126]

Substance misuse

Increase in number of visits + 66% —flood [19]
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Health
services Mood disorders 3 IRR 2.57 * (1.60, 4.14) —bushfire and flood [126] | %increase in incidence 308% —
in gen- hurricane [129] | Increase in number of visits + 44% —flood [19]
eral
Neurotic disorders 3 IRR 2.06 * (1.21, 3.49) —bushfire and flood [126] | %increase in incidence 307 % —
hurricane [129] | Increase in number of visits +62% —flood [19]
Behavioral disorders 1 %Increase in incidence 356% —hurricane [129]
Suicide behavior 1 %lIncrease in incidence 18.8% —hurricane [129]
RR 1.15 * (1.08-1.22)—extreme dry weather [135]IRR 4.23 * (1.28-13.93)—
Suicide Suicide behavior 6 drought [134]1%change 18.7% *—extremely wet [133]IRR 1.198 * (1.065-

1.347)— Asian dust storm [132] | Increase in incidence 0.6% * — different extreme
events [131] | %change 14.8% * (5.4-24.2) —different extreme events [130]

Main results, divided by type of service used and, still, by the MH condition that was demanded.
Results presented in red are the significant negative associations. * Statistically significant result (CI
95%). Abbreviations: EDV —emergency department visit, HA—hospital admission, RR—relative
risk, IRR —incidence rate ratio.

The disasters were hurricane (n = 4), drought or dry weather (n = 3), floods (n = 4),
extreme precipitation or extreme wet weather (n = 2), bushfire (1 = 1), earthquake (n =1),
severe winter weather or ice storm (n = 2), dust storm (n = 1), tornado (n = 1), and severe
storms (n =1).

In the aftermath of these extreme events, the most strongly affected MH conditions
were suicide, mood —which includes Major Depressive Disorder —and neurotic disorders
(anxiety, post-traumatic stress disorder, etc.). Therefore, these are the main responsible
causes for the acute health service demand, showed by the studies. Substance misuse,
schizophrenia and behavioral disorder were approached by fewer studies, but also
showed to demand medical care.

The detailed results are described below (i-vi). They were divided in ICD-10th
groups and placed according to the strength of evidence.

(i) Suicide behavior (1 =9)

Suicide behavior (attempt or completed suicide) showed the most consistent increase
after CC-related extreme events among all studies. From the nine articles, only one
showed no statistically significant increment on suicide [136].

Also, when compared to other MH conditions, suicide showed the highest risk ratio
for EDV immediately after the disaster (1.68 ¥, 1.54-1.82), and the risk continued to rise
during the whole period of study, until three years later [126].

One study found a relative increase of suicide behavior only during extreme wet
weather (18.7% *, 6.2-31.2) and not during the dry [133]. In addition, farmers were partic-
ularly searched: one paper showed relative risk of 1.15 * (1.08-1.22) in male farmers when
drought intensified [135]. In contrast to males, the risk for female farmers was significantly
reduced [135]. In another study, the general population showed a RR of 4.23 * (1.28-13.93)
due to moderate drought [134].

Lastly, it was reported that extreme large events increased the incidence of suicide,
but in case of less damaging ones, the incidence decreased in the aftermath [131].

(i) Mood disorders (n =4)

The four papers found significant increase on mental health services demand for
mood disorders. One showed a risk ratio for EDV of 1.59 * (1.39-1.80) right after the dis-
aster, but it rapidly declined. On the other hand, HA appeared significantly higher one
year later and, after three years, the risk ratio of hospitalization was still 1.67 * (1.47-1.87)
[126].

Also, Major Depressive Disorder (MDD) was the only subtype analyzed. One study
showed an incidence rate ratio of 2.57 * (1.60-4.14) of MDD in psychological services [126].
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The two others pointed an increase in service use varying from 44% [15] to 245% [129].
MDD imposed a greater chance of medical need when compared also to anxiety disorders
(see next section).

(iii) Neurotic disorders (1 = 4)

All of the studies that analyzed anxiety disorders (1 = 4) found a positive correlation,
showing an important increase in health services demand. One found 267 and 307% in-
crease in incidence for elderly and non-elderly, respectively [129], while another one
found an incidence rate ratio of psychological services of 2.06 * (1.21-3.49) [126]. One pa-
per showed that EDV were not significant or even reduced until three years after a disas-
ter, but contrarily, HA increased during most of the period, and two years later the relative
risk was 1.15 (1.11-1.20) [126].

Adjustment disorder was not consistent. One study did not find any increase both
for EDV and HA [126]. In opposition, two others pointed 62% more Medicaid use [15] and
160-200% incidence in health centres [129]. Only one paper studied post-traumatic stress
disorder (PTSD) specifically, and the incidence for non-elderly in health services was
350% higher [129].

(iv) Substance misuse (1 = 2)

For elderly, the risk ratio for EDV due to substance misuse was the second highest,
only lower than suicide behavior. Immediately after the disaster, the risk ratio was 1.44*
(1.23-1.65), reduced after three months, but increased again, maintaining high levels until
three years after the extreme event (1.19 *, 1.11-1.26). Hospitalizations appeared three
months 1.12 * (1.04-1.21) and were significant until one year, then, reducing again [126].
One studied that analyzed Medicaid services in the USA showed 66% increase in services
use, when comparing the numbers before and after an important flood [15].

(v) Schizophrenia (n=1)

Schizophrenia (HA) was correlated with extreme precipitation. The result was posi-
tive for both urban and rural areas. The relative risk increased already at lagl (1.056 *,
1.003-1.110), peaked at lag8 (1.072 *, 1.033-1.113), and remained significant until lagl?7
(1.039 *, 1.004-1.075). The fraction of HA attributable to extreme precipitation was 3.42%
* (2.40-4.06). Still, this number was higher for men aged less than 39 years old [127].

(vi) Behavioral disorders (n =1)

Health services in general received a higher incidence of 318 and 356% for non-el-
derly and elderly, respectively, due to insomnia (behavioral disorder) [127].

3.2. Meteorological Factors (n = 93)

Temperature was by far the most approached measure (1 = 92; 86.6%) and, therefore,
it will be our focus on this section (Figure 5). The ‘warmer than average’ factor was usually
reported as high percentiles in relation to the threshold (Supplementary Materials—Table
S3). Heatwave (HW) was also commonly analyzed (n = 18; 17.1%). Different definitions of
HW were used, varying in terms of intensity (temperature) and duration. Five studies
opted for the ‘diurnal temperature range’, whose definition is the numerical difference
between the highest and lowest temperature values in 24 h. Other temperature-related
factors were temperature variability, temperature change between neighboring days,
daily excess hourly heat, and irregular daily variation. Finally, one study analyzed only
snow and rain—among the CC sensitive variables—[81], and another one included rain-
fall in the analysis [84].
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Proportion of meteorological factors

™ "Warmer than average" temperature
(n=70)

B Heatwave (n=18)
Heatwave (n=18) B Diumal temperature range (n=5)

Other temperature variables* (n=9)

B snow, rain (n=2)

"Warmer than average" temperature (n=70)

Figure 5. Proportion of meteorological factors used by the authors. ‘Warmer than average’ was usu-
ally reported by the authors as high percentiles in relation to a threshold. * Other temperature vari-
ables: temperature variability (TV), temperature change between neighboring days (TCN), daily
excess hourly heat (DEHH), irregular daily variation.

The most strongly affected specific MH conditions were suicide behavior; schizo-
phrenia; substance misuse; organic, mood and neurotic disorders; and, lastly, mortality.
The Figure 6 shows the proportion of significant findings, divided by disease subgroups,
considering a confidence interval of 95%.

Heat and mental health demand - percentual of
significant correlation
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Figure 6. Heat and MH according to the percentage of studies found to be statistically significant
(C195%).

The majority of studies found significant and positive evidence that MH diseases in
general increased the risk for health service need, due to hot weather. The most studied
services were HA, EDV, suicide, and mortality. One study [34] found that approximately
14% of all the emergency admission numbers for mental disorders were attributable to
hot temperatures. The delayed or lagged effects showed an increase, according to different
studies, until 5 days (RR 1.43 *) [46], 7 days (RR 1.28 *) [51], 11 days (RR 1.84 *) [54] and 14
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days (Percent change in risk of 22% *) [60]. Likewise, the same-day effect was significant:
RR 1.158 * for EDV [34] and 1.229 * for HA [52].

A longer HW (7 days) imposed a higher risk (RR 1.36 *) of HA than a 3-day (RR 1.15
*) and a 1-day HW (RR 1.04 *) [38]. According to one other study [59], HW intensity
seemed to cause an even higher risk—62% (RR 1.62 *) —of hospitalization.

A study in China, during heatwave periods, pointed to important subgroups that
were at higher risk of MH care need: residents of urban areas (OR 1.523 *, 1.233-2.349),
outdoor workers (OR 1.714 ¥, 1.198-2.398), and single patients (OR 1.709 ¥, 1.233-2.349)
[47].

Mortality was approached in thirteen studies, and eleven of them presented evidence
on how MH is a risk factor for dying on hot days. A 1 °C increment in temperature in-
creased the odds of dying in the general population and in MH patients by 1.9% (OR 1.019
*) and 5.5% (OR 1.055 *), respectively [88]. HW were often explored, and the percent
change in cause was 29.7% * [95]. Four studies pointed out that elderly patients were more
vulnerable [34,35,38,92]. One study found that poverty enhanced the risk of mortality dur-
ing hot days [86].

Finally, Table 4 displays the main results. The significant numbers can be linked to
which type of service was demanded and due to in which disorder group this demand
took place.

Despite being included in the analysis, disorders of adult personality (1 = 5) were not
found to be related to heat. Behavioral disorders (1 = 6) showed no consistent result, and
five out of the six studies found no relationship between those variables, while one could
point a positive correlation between temperature (PET) and admission numbers [49]. Ad-
ditionally, only one study found that mental retardation (n = 4) was affected by HW [38].

Table 4. Meteorological factors.

Disorder Group N Main Results (* CI 95%)

RR 1.158 * (1.092-1.227) [34] | IRR 1.08 * (1.07-1.09) [37] | %change 4.8% * (3.6-6.0)

EDV MH in general 3 [40]
Organic disorders 3 RR 1.045 * (1.029-1.061) [67]IRR 1.31 * (1.22-1.41) [51]
, IRR 1.08 * (1.07-1.10) [37] IRR 1.30 * (1.18-1.42) [51] IRR 1.14 * (1.03-1.32) [45]IRR
Substance misuse 4 5 11+ (1.601-5.703) [46]
Schizophrenia 3 IRR 1.05* (1.03-1.07) [37]IRR 2.49 * (1.69-3.69) [45]IRR 1.27 * (1.17-1.38) [51]
. IRR 1.07 * (1.05-1.09) [37] IRR 1.05 * (1.01-1.09) (39)| RR 1.68 * (1.17-2.40) [45]| RR
M
ood disorders 5 154 1 03-1.71) [51]
N IRR 1.07 * (1.05-1.09) [37]|%change 5.7% * (3.8-7.6) [40]IRR 1.12 * (1.00-1.27)
Neurotic disorders 5 o) elation r = 0.1947* [50] IRR 127 * (1.19-1.36) [51]
Disorders w/onset
during childhood/ad- 2 IRR 1.11* (1.05-1.18) [37]
Suicide behaviour 2 IRR 1.06 * (1.01-1.12) [37] | %change 5.8% * (4.5-7.1) [40]
HA MHin general 4 K& 109 ¥ (1L03-115) [35]1RR 1266 * (1.074-1493) [52]1RR 1.04 * (1.02-1.07)

[55]IRR 1.62 * (1.36-1.93) [59]

Organic disorders 6

RR 1.84 * (1.66-2.03) [53] | HR 1.12 * (1.09-1.15) [64] IRR: 1.30 * (1.12-1.52) [65] | RR
1.51 * (1.02-1.126) [66] | OR 8.33 * [68] 1 IRR 1.213 * (1.091-1.349) [42]

Substance misuse 3 RR1.13 * (1.00, 1.27) [35]IRR 1.38 * (1.30~1.47) [53] IRR 2.21 * (1.55-3.15) [59]

Schizophrenia 15

RR 1.10 * (1.04-1.15) [55]IRR 1.50 * (1.20-1.86) [59]IRR 1.195 * (1.041-
1.372)#[69] IRR 1.021 * (1.007-1.035)%[69] IRR 1.319 * (1.129-1.540)$[70] RR 1.187
* (1.057-1.332)# [70]IRR 1.07 * (1.04-1.11) [78]IRR 1.373 * (1.168-1.614) [71]IRR
1.005* (1.003-1.008) [72]IRR 1.38 * (1.13-1.69) [73]IRR 1.159 * (1.050-1.279)#
[74]IRR 1.111 * (1.002-1.231)$ [75]IRR 1.189* (1.051-1.279)![75]IRR 1.08 * (1.04—
1.11) [76]| Correlation r 0.35 * [77]
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Mood disorders 4

RR 1.34 * (1.05 1.71) [35] | IRR 1.034 * (1.009-1.05) [62] | Regression coefficient 0.12
* [81]1Pearson’s correlation r: 0.27 * [83] I IRR 1.091 * (1.004-1.185) [42]

Neurotic disorders 1 IRR 1.097 * (1.018-1.181) [42]

Disorders of psycho-
logical development

=

IRR 1.641 * (1.086-2.480) [42]

Disorders with onset
during childhood/ad- 1 RR 1.29 * (1.09-1.54) [55]IRR 0.578 * (0.349-0.955) [42]

olescence

Suicide behavior 1 %change 0.7% * (0.003-0.011) [100]

Mortality

IRR 1.033 * (1.004-1.062) [87]1OR 1.055 * (1.024-1.086) [88]IRR 1.33 * (1.10-1.61)

MH in general 9 [89]IRR 1.04 * (1.01-1.07) [90] IRMR 1.23 * [91]IRR 1.049 * (1.02-1.078) [11]]| OR

1.099 * (1.027, 1.175) [92] I RR 1.38* [93] | %change 29.7% * (21.3-38.6) [95]

Organic disorders

Alzheimer’s disease OR 1.08 * (1.04-1.12) [86]IDementia OR 1.04 * (1.02-1.09)
[86]IRR 1.03 * (1.00-1.07) [11]IRR 269% * (76-665%) [66]

w

Substance misuse

N

RR 1.07 * (1.02-1.13) [90] IRR 1.20 * (1.08 1.35) [11]

Mood disorders

N

OR 1.083 * [88] | %change 166% * (35-424) [94]

Suicide

Suicide behavior

RR 0.97 * (0.95-0.99) [90]1IRR 1.035 * [97]1IRR 0.932 * [97]| %change 2.1% * (0.4—
3.8%) [101]I1RR 1.34 * (1.19-1.52) [102] | association 0.2012 * [104]; Pearson’s corre-
lation 0.617 * [105] Iregression coefficient 0.829 * [106]|correlation 0.75 * [107];
Spearman correlation 0.213 * [109] | %change 0.9% * [110]IRR 1.35 * (1.26-1.45)

4 [111]1%change 0.68% * (0.53%—0.83%) [112] | %change 2.1% * (1.2-3.0%) [112] | cor-
relation coefficient 0.55 * [113]IRR 1.33* (1.30-1.36) [114]IIRR 1.0082 * (1.0025-
1.0140) [116]1%change 46.9% (15.6-86.8) [117]lrisk ratio 2.16 * (1.28-3.63)
[118]IRR 1.26 * (1.22-1.29) [119] ! coefficient of determination R2 0.64 * [120]I OR
1.59 * (1.22-2.08) [121]lrisk estimate 0.0435 * [122]IRR 1.12 * (1.02-1.24)
[123]1Pearson’s correlation 0.428 * [124]

Ambu-
lance dis-
patch

Suicide attempt 2 RR:1.11* (1.07-1.15) [98] IRR 4.53* (1.23-16.68) [115]

Main results, divided by type of service used and, still, by the MH condition that was de-
manded. * Statistically significant result (CI 95%). Abbreviations: EDV —emergency depart-
ment visit, HA —hospital admission, RR—relative risk, IRR—incidence risk ratio, OR—odds
ratio, RMR —relative mortality ratio.

(i) Suicide behavior (1 = 33)

Suicide was the most studied outcome, and approximately 94% of the papers (1 =31)
found a statistically significant relationship between temperature and suicide behavior:
attempted or completed. Exceptionally, two of them evidenced a reduced risk of suicide
during extreme hot temperatures, with a RR of 0.97 * (0.95—0.99) [90] and average de-
crease (according to the authors) of IRR 0.94 * between male and females [97], while the
others pointed that heat increased suicide behavior. Studies showed a large range of sig-
nificance: from IRR 1.06 * (1.01-1.12) [37] to RR 1.35 * [111]. Females had a higher risk,
according to one study [102].

Heat increased violent suicide attempts and completed suicide, but not the non-vio-
lent behaviors in three studies [104,116,117]. One other study showed evidence that both
methods were significantly higher, but still pointed out that the temperature threshold
associated with increasing violent methods was lower (30.3 °C) than the temperature
needed to significantly increase non-violent suicides (32.7 °C) [103].

Ambulance dispatch was measured by one study, during different intensities of heat-
wave, and the RR was found to be relatively high, varying from 3.70 * (1.00-13.66) to 4.53
* (1.23-16.68) depending on the HW intensity [115]. Another ambulance dispatch-based
study showed a lower, but still positive, number: RR 1.11 * (1.07-1.15) [98].
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Still, one study showed the indirect effect of temperature (increment of 1 °C) on a
3.6% decline of agricultural productivity, leading to a 4.8% increase in risk of suicide
among farmers [108].

(ii) Schizophrenia (1 =24)

Seventeen studies (65.38%) found positive and significant results, showing these pa-
tients are more vulnerable to heat and, therefore, have a higher chance of needing
healthcare services. Two studies presented both same-day and cumulative risk assess-
ments. They found a higher risk when the heat was sustained up to seven or eight days
(RR2.49% 1.69-3.69 and 1.37 *, 1.168-1.614), while one-day heat distress brought relatively
less risk: RR 1.10 * (1.03-1.17) and 1.06 * (1.019-1.106), respectively [45, [71]]. To mortality,
schizophrenia was not significantly related.

In addition, it seems, from another study, that the heat intensity of a HW brings more
risk than its duration, with a RR of 1.50 * (1.20-1.86) and RR:1.14 * (1.01-1.30), respectively
[59].

Finally, there is also evidence that large temperature variation within the day (maxi-
mum minus minimum T) may increase hospital admission up to 22% (RR 1.22 *, 1.08-1.37)
[76].

(iii) Mood disorders (n =23)

Sixty-two percent of the papers (n = 15) presented evidence of the influence of tem-
perature on outpatient appointments (OR 1.32 *, 1.08-1.62) [36], emergency department
visits (IRR 1.07 *, 1.05-1.09; RR 1.05 *, 1.01-1.09; and RR 1.33 *, 1.03-1.71) [37,39,51], and
hospitalization (RR 1.34 *, 1.05-1.71) [35]. One showed that rainfall has negative effect on
mania [84].

From the six studies that specifically researched bipolar disorder or mania, four of
them found positive correlations with an increase in healthcare demand [80-83], while
two did not present significant results [84,85].

Depression, another type of mood disorder, was not found to be at significantly
higher risk from HA, according to one paper [83]. Contrarily, long-term exposure to
higher temperatures (residing in areas with average temperatures above 23 °C) increased
the risk by 7% of developing MDD per 1 °C of increment (hazard ratio 1.07 *, 1.02-1.12)
[79].

(iv) Organic disorders (n=17)

Thirteen of the studies (76.47%) that analyzed organic disorders found a positive as-
sociation between temperature and medical needs or even death. Patients with organic
disorders had 31% more risk of being admitted to an emergency department [51] and an
odds ratio of 8.33 * of being hospitalized [68]. The risk of mortality was 3% higher [11].

Alzheimer’s disease was specifically studied and showed a significant RR of 1.30 *
(1.12-1.52) [65] for hospital admission and an increase in RR of 269% * (76-665%) [66] for
mortality.

(v) Substance misuse (1 = 16)

Twelve papers (70,58%) presented statistically significant association between tem-
perature and HA or EDV, where the RR varied from 1.13 * (1.00, 1.27) for hospitalization
[35] and 1.30 * (1.18-1.42) for emergency visits [51]. For intense HW, the RR was even
higher, displaying 221% * higher risk of hospitalization [59].

Phone calls requiring healthcare for substance misuse were also measured: the RR
was 1.08 * (1.03-1.14) [63], and the risk of death increased 8% in patients diagnosed with
alcohol misuse. In those who had used other substances (excluding alcohol), the risk in-
creased to 20% [11].
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(vi) Neurotic and anxiety disorders (n = 14)

Eleven out of fourteen studies (78,57%) pointed out that neurotic disorders influ-
enced healthcare demand due to hot temperatures. HA did not appear to be influenced
[35], but for EDV, the RR varied from 1.05 * (1.002-1.099) [46] to 1.27 * (1.19-1.36) [51].

The odds that patients scheduled a medical appointment after a cumulative heat ex-
posure was 30% higher (OR 1.30 *, 1.08-1.58) even at lag 9, suggesting that not-emergency
services, such as scheduled appointments, may receive a delayed demand [36].

(vii) Behavioral and emotional disorders with onset during childhood/adolescence (1 = 4)

Two of the studies pointed a higher risk of healthcare need, with an IRR of 1.11 *
(1.05-1.18) for EDV [37] and RR 1.29 * (1.09-1.54) [55] for HA. A third study, in contrast,
reported an important reduction of the number of emergency room visits after a heat-
wave: IRR 0.578 * (0.349-0.955) [42].

(viii)Disorders of psychological development (1 = 2)
The autism spectrum disorders were found to cause additional susceptibility to heat

and, therefore, demand emergency department visits (IRR 1.64 *, 1.086-2.480) [42] and
hospital admissions (RR 1.29 *, 1.09-1.54) [55], with relatively elevated risk.

4. Discussion

The findings from the 105 studies pointed to a high probability, according to strong
evidence, that more consultations will be necessary in public and private systems. We
could not find any evidence supporting that the distinct types of health services are dif-
ferently affected. Still, ambulance dispatch, telephone calls, and outpatient visits were sel-
domly measured and need to be better addressed in the future, but were, likewise, posi-
tively associated with CC variables. Completed suicide and mortality were strongly af-
fected. Even though these two conditions do not require common consultations at health
facilities, they do demand other sources of assistance to be carried out.

We identified that elderly people—above 60 years of age —were among the most vul-
nerable group for both extreme events and meteorological conditions [35,38]. Poverty was
found to enhance the risk of heat-related death, while male farmers were particularly at
risk due to extreme events. Residents of urban areas, outdoor workers, and single patients
were also reported to be at higher risk [47]. The increase in health service demand was
most significant until a lag 5-7 [45,46], but some studies show the effect up to 14 [60], 21
[41] and even 30 days [45].

We also found that a great range of psychiatric disorders, mostly from F50 to F99,
were not properly approached, and that the scientific evidence for them is still poor. Even
though these conditions are less prevalent at healthcare facilities, future attention and re-
search on the topic are needed.

One specific disease that received less attention than expected was post-traumatic
stress disorder (PTSD). Despite being broadly discussed, only one study focused objec-
tively on if PTSD demands healthcare after an extreme event (129). This important gap of
knowledge should be addressed in the future, as well.

The lack of extreme event-related studies that addressed specifically health services
use was another identified gap in the scientific evidence. Most of the studies about ex-
treme events measured the distress over the affected population through questionnaires
in the communities, instead of through health assistance needs. These methodologies
were removed from this review, because even though they corroborate the important
mental distress these people go through, they do not necessarily reflect long-lasting suf-
fering and more consultations in health systems. As found by Lai et al. (2021) [26], most
of the symptoms in the direct aftermath will not become chronic and burdening diseases.
Therefore, it is likely they do not demand intense healthcare after all.

When comparing the consultation rates in low-, middle- and high-income countries,
we did not identify any significant difference, meaning that the increase rate was similar
among them. We hypothesized that, given the higher vulnerabilities present in poorer
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countries, the numbers found would possibly be larger if their health systems were ade-
quately prepared to receive more patients. For a proper comparison, more studies ad-
dressing healthcare use in poorer countries are needed.

Few studies found negative associations linking CC to healthcare use [90,97,126].
Begum et al. (2022) linked Hurricane Sandy to less EDV for anxiety. Contrarily though,
for HA, the same article reported a significant increase. We hypothesize that the so called
‘harvesting effect’ may be responsible for a forward shift in one category of healthcare
visits, inducing a consequent reduction in the others.

This increase in health demand will likely overwhelm health systems and pressure
costs of healthcare. As an example, one article using Medicaid data pointed out 8-10%
more costs after a flood [19], especially as extreme events become more frequent and tem-
peratures rise even more. According to the United Nations Office for Disaster Risk Reduc-
tion, there were 389 climate-related events in 2020, a number above the previous annual
average (368). In addition, one of the latest available reports shows a probable increase in
temperatures of 2.4 °C by 2100, provided that all countries implement their nationally
determined contributions (NCD) [137,138].

In addition to the financial costs, this acute increase in demand can create an emer-
gency situation in health facilities, with shortage of drugs, beds, human services, and
other basic resources. In a much bigger proportion, this emergency picture happened dur-
ing the coronavirus pandemic, mostly in less prepared regions.

Furthermore, the carbon footprint released from the healthcare services is, already
nowadays, one of the biggest contributors of CC [139]. The data we report here corrobo-
rate that these services will be more intensively utilized, leading to a self-reinforcement
cycle that promotes proportionally greater greenhouse gas emissions into the atmosphere.

Some characteristics of mental health patients—directly or externally related to the
disorder—may lead to this higher healthcare demand. The responsible mechanisms for
that are important to be delineated. The aim is to point out a pathway to policymakers
and medical professionals where policies could effectively act, avoiding consultations for
development of a new disorder, for disease exacerbation, heat-related disorders, suicide
attempts, and, still, prevent mortality.

Firstly, climate-related events frequently cause mental suffering. These circum-
stances may lead to punctual and self-limited mental distress or to a chronic disorder
[10,19]. In general, the two possible scenarios are determined by a community’s pre-exist-
ing vulnerability and by the adaptation and recovery power delivered through public pol-
icies [140].

Furthermore, heat-related vulnerability is promoted by some psychiatric disorders
through inadequate heat dissipation, which facilitates a dangerous state of hyperthermia
in the body [141]. Still, additional heat intolerance is caused by the use of certain psycho-
tropic medications—antipsychotics, antiparkinsonians, hypnotics, anxiolytics, and opi-
ates [12,13,117]. A further mechanism is related to disease exacerbation (acute phase of a
disorder). It seems that neurotransmitters’ imbalance, induced by different weather vari-
ables —temperature, humidity, and luminosity —leads to the exacerbation of some disor-
ders or to the triggering of violent and suicidal behavior [10,12,22]. As an example, an
observed condition was suicide attempt, whose association with heat was reported to be
of statistical significance. It seems that patients who previously attempted suicide have
indeed a higher susceptibility to heat. In one study, differently from the first-attempt pa-
tients, who were vulnerable during the warm season only, the patients who had tried su-
icide multiple times were at higher risk during the entire year, in cases in which the tem-
perature rose 5 °C [121].

Additionally, the cognition impairment caused by some mental disorders may also
increase heat-susceptibility. There may be a lack of perception about the need to go to a
cooler area or to take off extra layers of clothes to cool off the body [141].

At advanced ages, the delay and impairment to control heat maintenance is physio-
logically explained, since the receptor system and also the areas in the brain responsible
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for this function lose their efficiency over time, facilitating a higher body temperature
[141].

Mentally ill patients as well as the elderly population have both a higher chance of
being social isolated or living in nursing homes, which has also proved to increase risk of
heat-related deaths or heat stress [11].

Similarly, poverty was found to further enhance the risk of heat-related death [86]. A
possible reason for this susceptibility could be poor housing conditions. As previously
discussed, low- and middle-income countries accounted for less than one-third of the
studies. In addition, these regions rely on a less prepared healthcare system, which, now-
adays, cannot accommodate the demand. In the future, in the absence of effective policies,
these patients might become undertreated.

Finally, addressing not only the mechanisms surrounding the disorders, but also the
socioeconomic vulnerabilities in the background may avoid the acute need for healthcare
services.

5. Conclusions

This review is the first one to systematically assess and analyze the impact of CC on
psychiatric health systems worldwide.

We found, based on strong evidence, that warmer temperatures, including heat-
waves, can increase the demand uniformly for all types of medical care. Based on fewer
number of studies, we also found that extreme events increase demand for all types of
services. We support the hypothesis that, if public policies act to increase the recovery
power of susceptible communities, fewer of these aftermath symptoms—anxiety, fear,
and sadness—will become burdening disorders, and, therefore, lower numbers of EDV,
HA, etc., will be required.

In this context, we found and listed three main gaps in the literature, which need to
be properly addressed by scientific research in the future: (i) the low number of studies
from low- and middle-income countries measuring health services utilization due to CC;
(ii) the lack of studies carried out in the aftermath of extreme events using objective
measures, as HA or EDV; and (iii) the poor approach of less common mental disorders.
They are listed from F50-F99, in ICD-10th.

The lack of studies from low- and middle-income countries prevented us from meas-
uring uniformly across the globe how health systems are affected, since the evidence is
derived mostly from richer countries. Even though we found no difference of service uti-
lization between low- and middle- when compared to high income-countries, we raise the
concern that these assistance numbers from poorer countries are likely to be underrated.
This could be explained by the fact that they do not have the same budget allocated to
healthcare and that the population may face difficulties —financial, geographical, or trans-
portation—in accessing health facilities.

Considering the continuous increase in numbers of psychiatric patients, individuals
and health systems may witness more significant overwhelm than the one presented here,
as temperatures rise and extreme events become more frequent. Therefore, additional
public policies are the most effective way to help populations adapt, reducing the health
impacts and, finally, avoiding the extra demand on public and private healthcare systems
worldwide.

6. Strengths and Limitations

The use of mental health services, in terms of extra demand caused by CC, is an im-
portant strength. Still, we acknowledge that the use of services requires, firstly, the exist-
ence of functional and effective services, and these might not exist in some studied coun-
tries. Additionally, cognitive and educational access is needed for a patient’s clarity re-
garding when to seek healthcare. Therefore, this SLR may not reflect the magnitude of the
impact of CC on MH disorders.



Int. ]. Environ. Res. Public Health 2023, 20, 1190 21 of 26

It has been pointed out that the lack of studies about extreme events and MH care
use did not permit a vast analysis, as was the case for the ‘meteorological section’. There
is a need to better elucidate this issue and the difference between the punctual distress
after extreme events measured by community visits and, effectively, long-lasting and bur-
dening disease.

Given the extensive number of studies and results we had access to, the forest plot
(Figure 5) is based on significant results and on relative risk-based studies only. Despite
representing the biggest part of studies, we acknowledge that it may have prevented the
reader from having another perspective.

Finally, the use of the ‘NIH Quality Assessment Tool’ is considered, by some authors,
as not being the most appropriate tool. We acknowledge that, by having chosen this tool,
we might have incurred potential bias. Nonetheless, all efforts were made to avoid this
issue.
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