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Abstract

Background and objectives: Heatwaves pose an increasing threat. However, there is a significant

gap in understanding the impact of extreme temperatures on mental health. This study aimed to

examine the associations between extreme temperatures and emergency visits for psychiatric

disorders.

Method: We conducted quasi-Poisson regressions on emergency visits’ rate for psychiatric reasons

in French hospitals on days exceeding the percentiles 90, 95, 97.5, 99.5, and 99.9, between June

1st and September 15th, from 2015 to 2022, compared to days whose temperatures were below

the 50th percentile during the two fortnights before and after our period of interest. We also exam-

ined the cumulative effect of three consecutive days exceeding the specified percentiles.

Results: Among the analyzed 1,198,953 psychiatric visits, we found an increased relative risk

(RR) for dementia ranging from 5 % to 17 % on days exceeding percentiles 90 (RR=1.05, CI=1.02

−1.07), 95 (RR=1.05, CI=1.02−1.08), 97.5 (RR=1.07, CI=1.03−1.11), 99.5 (RR=1.09, CI=1.01

−1.17), and 99.9 (RR=1.17, CI=1.03−1.32). The cumulative heat effect also showed an increased

risk ranging from 4 % to 44 %. For psychoses, we observed increases from 5 % to 7 % for the cumu-

lative heat effect of percentiles 90 (RR=1.05, CI=1.01−1.08), 95 (RR=1.06, CI=1.02−1.11), and

97.5 (RR=1.07, CI=1.01−1.15). Conversely, mood disorders exhibited a decreased RR from 14 %
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to 7 % for percentiles 90 (RR=0.93, CI=0.91−0.95), 95 (RR=0.92, CI=0.89−0.94), and 97.5

(RR=0.90, CI=0.87−0.93), as well as for the cumulative effects.

Conclusion: This study highlights the associations between weather conditions, extreme tem-

peratures and psychiatric disorders and emphasize the importance of considering mental health

management during future heatwaves.

© 2023 Sociedad Española de Psiquiatría y Salud Mental. Published by Elsevier España, S.L.U. All

rights reserved.

Introduction

Climate change is the challenge of the 21st century. The Inter-
governmental Panel on Climate Change (IPCC) alerted in 2021
that global surface temperature increased of 1.1 °C during
the last century and revealed with a high level of confidence
that this temperature will reach 1.5 °C by approximately
2030. In this context of global warming, heatwaves and
droughts are projected to be more and more frequent.1 Thus,
it appears crucial to investigate the impacts of heatwaves on
health. Extreme heat is the most studied and is known to
induce specific heat related diseases such as hyperthermia,
dehydratation2 and to increase morbidity and mortality often
threw deterioration of cardiovascular diseases.3,4

Psychiatric disorders are frequent and affect one person
out of five.5 The global burden of mental disorders accounts
for 32.4 % of years lived with disability and 13.0 % of disabil-
ity-adjusted life-years which rank them at the first place of
disabling diseases.6 Psychiatric disorders are multifactorial
and highly influenced by the individuals’ environment. Few
researches have explored the connection between meteoro-
logical data, particularly extreme heat, and psychiatric dis-
orders. Identifying key environmental factor associated with
emergency departments (ED) visits for psychiatric disorders
could significantly contribute to healthcare delivery plan-
ning. While numerous studies have investigated the relation-
ship between temperature and mental health, only 17
studies have specifically studied the impact of extreme tem-
perature on psychiatric disorders. These studies, performed
in different countries with their own specific climates, used
different methods and heatwaves definitions. Despite these
differences, their findings consistently favored an exacerba-
tion of ED visits due to psychiatric disorders. For instance,
Carlsen et al. found a 22 % increase of ED visits for psychiat-
ric disorders during the warm days of the year.7 In 2021, Liu
et al. performed a meta-analysis of two studies and found a
6 % increase in mental health related ED visits during heat-
waves defined as three or more consecutive days whose daily
mean temperature reached or exceeded the 95th percen-
tiles.8 The lack of consensus on the definition of a heatwave
further complicates the interpretation of findings, as it
varies based on the specific impact of the heat under consid-
eration and the meteorological characteristics of the stud-
ied region. In France, the national heatwave alert plan is
activated when the three-day means of maximal and mini-
mal temperature reach the 99.5th percentile. This threshold
is based on a temperature-mortality study in 14 main French
cities and extended to one reference station in each main-
land department. However, this threshold does not account
the impact of heat on the initiation or exacerbations of dis-
eases.9 Results regarding the impact of extreme tempera-
tures on specific psychiatric disorders have yielded

contradictory outcomes among subgroups. For instance, in
Northern Vietnam, overall mental disorders admissions
showed a relative risk ratio (RR) of 1.15 (1.005−1.31) during
heatwaves, with only organic mental disorders and mental
retardation remaining significantly increased in the per-
group analysis.10 As for an Australian study, organic illnesses,
including symptomatic mental disorders, dementia, mood
(affective) disorders, neurotic, stress related, and somato-
form disorders, disorders of psychological development, and
senility were significantly more frequent during heat-
waves.11 “

Thus, the objectives of this study are to 1) study relation-
ships between heatwaves and ED visits due to psychiatric
disorders, 2) examine different temperature thresholds dur-
ing the warm period in metropolitan France, as well as other
meteorological data.

Materials and methods

Meteorological data

Meteorological data were provided by the French national
weather services M�et�eo-France. For the purpose of this
study, we collected daily minimal and maximal tempera-
tures, humidity and windspeed during the warm period
(15th may to 30th September) from the year 2015 to 2022 at
the metropolitan department scale. Overseas French
departments were excluded from the study because they
have currently no heatwave alert system. France is charac-
terized by diverse climates: the Mediterranean climate, the
oceanic climate, the altered oceanic climate, the semi-con-
tinental climate, the mountainous climate. These climates
imply important variations of temperature according to the
localisation on the territory. The department level appears
as a good compromise between climate homogeneity and
sufficient health data.12 We calculated for each department
its temperature percentiles to allow comparisons between
them. Days from 15th to 30th May and from 16th to 30th Sep-
tember were chosen as reference if their maximal tempera-
tures were under the 50th percentile. The 50th percentile
chosen as reference is usual in weather analyses and in
accordance with previous studies.13,14 Reference days were
chosen in the warm period and very close to summer season
to prevent a seasonality bias while avoiding the mental
health impact of Covid-19 lockdown (15th March-10th May
2020) and the back to school and work of the beginning of
September after summer holidays. Days of interest were
those reaching the 90th, 95th, 97.5th, 99.5th and 99,9th
percentiles of the maximal temperatures distribution
between the 1st June and the 15th September, which is the
alert system time span. We chose to work on maximal
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temperatures because they reflect the highest stress due to
temperature on individual during the warm period.4 Further-
more, maximal temperatures are highly correlated to mean
temperature and minimal temperatures. If the maximal
temperature is high, the global temperature of the day will
be too. To look at the heat cumulated effect, we considered
three consecutive days average minimal and maximal tem-
peratures, as derived from the French heat and health alert
system (HHAS). Indeed, in France, HHAS is launched when
the weather services forecast that the mean of the minimal
and the mean of the maximal temperatures of the three
forthcoming days, will reach the 99,5th temperature per-
centile. Thus, we calculated the 90th, 95th, 97.5th, 99.5th,
99,9th percentiles for this dual three-day indicator and cate-
gorise the alert days as the ones reaching the two thresh-
olds. The choice of the three-day period is coherent with
previous studies findings and methodology.11,13,15

Emergency visits

Admission data were collected from the Oscour� database of
Sant�e Publique France (https://www.santepubliquefrance.fr/
surveillance-syndromique-sursaud-R/reseau-oscour-R). Oscour
database collects national emergency patient’s visits from
more than 600 establishments on the French territory since
2008. A code is attributed to each visit according to the 10th
International Classification of Diseases (ICD). We collected vis-
its due to a decompensation of a psychiatric disorder and visits
of individuals for another reason highly associated with a psy-
chiatric comorbidity. Psychiatric chronic illnesses are known
risk factors for heat-related illnesses and can triple the risk of
heat wave-related deaths.16 Because of the large amount of
different psychiatric codes, we used the followed Oscour syn-
dromic clusters: dementia, psychosis, stress, anxious disor-
ders, mood disorders and conduct disorders (more details in
supplemental appendix). Admissions were classified according
to sex and age (<15 years old, 15−64 years old, >64 years
old). Each hospital must report two information: the number
of visits and the code of each visits to the database. The qual-
ity of the reported information varies. To ensure sufficient
coding quality for visits, we have included only those of hospi-
tals that coded for more than 50 % of their patient visits and
for more than 50 % of the study period. We summed all rele-
vant visits across the departments of various hospitals.

Statistical analysis

During the overall period (15th May- 30th September), we
conducted Pearson’s correlations between patient visits and
meteorological data. Quasi-Poisson regressions were per-
formed to compare different coding patterns between the
days of interest and the reference days. All daily visits
attributed to acute psychiatric disorder or other medical
conditions highly associated to a psychiatric disorder were
adjusted. This adjustment involved dividing their count by
the total number of hospital visits for all causes on that the
same day. This step was taken to mitigate variations in visit
frequency arising from factors such as departmental popula-
tion or the overall attractiveness of the hospital. 2015.
Regressions were adjusted on the department’s population,
the year and the day of the week. All analyses were con-
ducted using the RStudio� software.

Results

Health data description

For the period between 2015 and 2022, days falling between
June 1st and September 15th were considered days of inter-
est. Additionally, days from May 15th to 30th and from Sep-
tember 16th to 30th were chosen as reference points if their
maximal temperatures fell below the 50th percentile of
temperature. According to our coding quality criteria, 5
departments out of 96 were excluded from the analysis. Dur-
ing our days of interest, healthcare database consisted of
922,840 visits due to/among people with chronic and major
psychiatric disorders and 26,853,232 visits for all causes
(0.034 %). During our reference days, we collected 222,756
visits due to/among people with chronic and major psychiat-
ric disorders out of 6489,697 visits for all reasons (0.034 %).
Descriptive statistics are summarized in Table 1 (means,
medians, standard deviations and quantiles by days, months
and years).

Concerning the demographic characteristics, females
represented 55.8 % of the psychiatric visits and males
44.2 %. The 15−64 years old represented more than 70 % of
the visits, followed by people above 64 years old (23 %) and
then people under 15 years old (6 %) (Fig. 1a et Fig. 1b).

In terms of diagnosis distribution, anxiety disorders
accounted for the majority of visits (36.18 %), followed by
mood disorders (19.94 %), conduct disorders (18.18 %),
dementia (12.36 %), psychotic disorders (9.24 %), and stress
reactions (4.11 %) (Fig. 1).

Among those under 15 years old, females account for
53.75 % of the visits, while males represent 46.25 %. They
predominantly sought care at ED for conduct disorders, with
a majority of males (54.30 %), followed by anxiety disorders
and mood disorders, where females made up a larger portion
(63.60 % and 70.91 %, respectively). (Fig. 2a).

Among individuals aged 15−64 years old, females
accounted for 54.01 % of the visits, while males represented
45.99 %. They predominantly sought care at ED for anxiety
disorders and mood disorders, with a majority of females
(61.26 % and 55.32 %, respectively), followed by conduct dis-
orders and psychosis, where males made up a larger portion
(53.28 % and 63.01 %, respectively). Subsequently, visits for
stress showed a majority of females (58.37 %), while visits
for dementia showed a majority of males (58.22 %) (Fig. 2b).
Among individuals over 64 years old, the majority of visits
was attributed to dementia (42.65 %), followed by anxiety
disorders, mood disorders, conduct disorders, psychosis, and
reactions to stress factors. Females accounted for a majority
of the visits (61.87 %), regardless of the disorder (Fig. 2c).

The mean visit rate per 100,000 inhabitants was calcu-
lated for each code and department, as shown in Fig. 3. The
South-Est region of France had the global highest prevalence
of psychiatric visits.

Meteorological data description

The meteorological data characteristics for the entire study
period, May 15th to September 30th from 2015 to 2022, are
available in Table 2. Supplemental Table 1 provides the
descriptive characteristics of various percentiles, while
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Supplemental Table 2 displays the number of days exceeding
the different percentiles during the study period.

Fig. 4 illustrates the percentage of days between June 1st
and September 30th, categorized by their percentile per
year. With the exception of the year 2021, there is a notice-
able increasing trend of hot days (exceeding the 90th per-
centile). In 2022, these days accounted for more than 20 %
of the period, with over 10 % of the days surpassing the
threshold of the 95th percentile.

Interestingly, the departments with relatively high tem-
peratures in the overall period, indicated by high 90th per-
centiles, are not the ones experiencing the most extreme
peaks of temperature. We observe that the southern depart-
ments have high overall temperatures, while the hottest
temperature peaks occur in the central, south-west and Île-
de-France regions (Fig. 5).

Statistical analysis

The Pearson’s correlations showed positive correlations
between all psychiatric disorders in general, psychosis, anxi-
ety disorders, mood disorders (all p<0.001), and between
conduct disorders and humidity (p = 0.04). Humidity was
also negatively correlated with psychosis (p<0.001). The
maximal temperature was positively correlated with demen-
tia (p = 0.01) and negatively with all psychiatric disorders in
general, anxiety and mood disorders (p<0.001). The minimal
temperature was positively correlated with dementia, psy-
chosis, stress reactions and conduct disorders (all p<0.001),
and negatively with all psychiatric disorders in general
(p = 0.04), anxiety and mood disorders (all p<0.001). Wind-
speed was positively correlated with mood disorders
(p = 0.01) and negatively with all psychiatric disorders in
general and anxiety disorders (all p<0.001) (Table 3).

The regression analysis revealed no significant results for
the overall category of psychiatric disorders. However, sig-
nificant results were observed within specific subgroups.
Notably, the analysis demonstrated a continuous and signifi-
cant increase in dementia visits as the different tempera-
ture thresholds were reached: the incidence rate ratio (IRR)
increased from 5 % for the 90th percentile of the tempera-
ture distribution to 17 % for the 99.9th percentile. Similarly,
the analysis of the cumulated heat effect also exhibited a
continuous and significant increase in dementia visits: the
relative risk ratio increased from 4 % for the HHAS90 days to
44 % for the HHAS99.9 days. Among visits for psychosis, a sig-
nificant increase of 3 % of the IRR was observed when the
90th percentile of the temperature distribution was
reached, but not for the other percentiles. A significant
cumulated heat effect was obtained, with the IRR increasing
from 5 % to 6 % and 7 % for the HHAS 90, 95, and 97.5 days,
respectively. For visits related to stress, a significant
increase of 15 % was associated to the HHAS 90th percentile,
but not for other thresholds, both in terms of cumulated
(HHAS) and acute (daily temperatures) effects. Regarding
mood disorders, except for the acute and cumulated effects
of reaching the 99th percentile, which is not significant, all
other IRRs indicated a decrease in visits, ranging from 14 %
to 7 %. Visits for conduct disorders and anxiety disorders did
not show any significant differences between hot days and
reference days (Table 4).
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Discussion

Interpretation and implications

This first study assessing the links between heatwaves and
psychiatric disorders found that periods of increased tem-
peratures are associated with a significant increase in ED vis-
its among patients with dementia and psychosis along with a
significant decrease in visits by individuals with mood disor-
ders. The visits could have been motivated by an acute psy-
chiatric decompensation or to a disease highly influenced by
a psychiatric disorder. The impact on dementia patients
shows an increasing and progressive pattern, starting from
the 90th percentile, even before reaching the heatwave
alert threshold. Interestingly, the cumulative effect of heat
seems to play a crucial role in the increase of visits. These
findings underscore the importance of psychiatrists vigilance
for their patients even prior the initiation of national heat
warnings. While an immediate effect on psychosis was not
observed, the cumulative impact of heat, commencing from
the 90th percentile, emerged as significant. This suggests
that individuals with psychosis may be susceptible to heat
over prolonged durations. In light of these results,

psychiatrists can enhance their patient care practices by
intensifying monitoring of these patients during hot days to
identify their needs and help them navigating through heat
waves.

Patients suffering from psychosis, dementia or severe
mood disorders such as melancholia have a noticeable cogni-
tive impairment that could prevent them from adopting the
adequate behaviour during extreme heat leading to dehy-
dration, confusion and then emergency visits.17 Moreover,
their communication alterations also impact the early diag-
nosis of heat related disorders such as cardio-respiratory dis-
eases. These diseases can thus worsen and lead the patient
to the emergency room, even though outpatient care could
have been possible at an earlier stage. Consequently, dis-
cerning the chronic condition from the acute medical event
leading to the ED visit becomes challenging

Contribution and congruence with the literature

We found significant and insignificant results according to
the psychiatric disorders, the significant results being linked
to an increasing (dementia, psychosis, stress reaction) or a
decreasing (mood disorders) risk. These different effects of

Fig. 1 Descriptions of Psychiatrics Visits percentages according to a) the sex b) the age and c) the diagnosis on the total period.
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Fig. 2 Distribution of visits among individuals by gender and disorder across all geographic departments and total study duration

according to their age a) under 15 years old, b) 15−64 years old, c) >64 years old.

Fig. 3 Mean emergency visit rate per year and 100,000 inhabitants between the 15th May and the 30th September by psychiatric

disorder and department.
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the meteorological data may have offset each other, which
would explain the lack of significant findings for the all-
cause category that we can find in other studies.11,14 As far
as it concerns heat cumulated impact on psychosis, our
results are in line with previous studies at the city level, in
New York18, in three subtropical cities in China19, in Tor-
onto13 and at the national level in the USA.14 Similarly,
results for dementia were congruent with previous studies
performed in Korea20, in Hanoï, Vietnam10, and in Madrid,
Spain.21 As far as it concerns the absence of significant
results for anxiety disorders, and our significant results for a
decrease of mood disorders during extreme heat, it is con-
gruent with a study in Toronto.22 Nevertheless, the majority
of the previous studies found a significant increase of mood
disorders during extreme heat.13,14,20 These discrepancies
are worth examining closely, with several factors that could
explain these differences, primarily related to variations in
methods. One key factor is the absence of a standardized
definition for heatwaves. Different studies employ varying
approaches, such as calculating percentiles based on the
entire year20,13, or on the warm period.14 These choices
lead to subsequent different thresholds, for example: a
threshold at percentile 97.5th with a mean around 27.07 °C

in New York18 and a threshold at percentile 95th with a
mean around 35 °C in the USA.14 Some studies chose to avoid
this difficulty by choosing an arbitrary temperature as
threshold instead of percentiles11,21 but this is possible only
for small studies at a local scale. Furthermore, it is impor-
tant to take into account the study period which is crucial
for the analysis interpretation because of the seasonal
effect. Indeed, psychiatric disorders and especially mood
disorders have seasonal characteristics. Depression is more
frequent in winter, and when it is recurrent, it can be consid-
ered as a seasonal disorder: the seasonal affective disorder
(SAD).23 Suicides and suicide attempts show a recurrent sea-
sonal pattern.12 In our study we chose to focus on the warm
period to get rid of this seasonal impact. Our percentiles
were calculated on the whole warm period, which resulted
in a panel of high thresholds. Also, the country’s climate
plays a significant role in the perceived temperature, as well
as the environment. Most of the mentioned studies look at
the heat impact in cities11,15,20 whereas in our study we look
at the entire territory including rural and urban environ-
ments. Heat impact is often stronger in urban environments
compared to rural ones.24,25 A study in Hong Kong showed
IRRs of mortality associated with mental disorders at 1.033

Table 2 Description of different climatic variables, at a daily time step, across the entire duration and departments of the

study.

Humidity Tmax Tmin Wind speed TAmpli HHASmax HHASmin

Min 25.00 5.90 �3.40 0 0.40 6.77 �0.90

1st Qu 60.00 21.60 11 20 8.40 21.97 11.33

Median 69.00 25.20 13.80 27 11.5 25.4 13.73

Mean 68.25 25.41 13.69 29.10 11.75 25.43 13.69

3rd Qu 77.00 29.10 16.5 36 15 28.8 16.1

Max 100.00 44.40 30.30 146 28.20 41.60 28.43

NA’s 211.00 38.00 38 357 39 42 40

*Tmax=maximal temperature, Tmin=minimal temperature, TAmpli)=temperature amplitude (Tmax-Tmin), HHAS= days for which the aver-
age of respectively maximal and minimal temperatures on three consecutive days are simultaneously above a specific threshold.

Fig. 4 Distribution of days exceeding the thresholds of percentiles greater than 90, per year, between June 1st and September

15th.
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for 1 °C increase in average temperature on days with tem-
perature ≥ 24.51 °C. These mortality data were correlated
to the city air pollution, the percentage of sky view and veg-
etation.26 We chose to focus on the entire territory and on
the warm period, usually associated to depression remis-
sion27, this could have highlighted the positive impact of
summer outside big urban cities empirically observed by psy-
chiatrists, and thus explain our decrease risk of mood

disorders during extreme heat. An other important key point
to explain the studies different results could be the sample
size differences. Most of the quoted cities include around
150,000 admissions whereas in our study we gathered more
than one million visits for psychiatric disorders. Further-
more, each country has its own health care system and
France has a good general practitioners network that can
handle light to moderate distress, as well as a good charge-
ability of the costs of town medicine, two factors that can
help avoiding part of the emergency visits.28 Concerning our
secondary analysis on the impact of meteorological variables
on mental health, it appears that correlations exist as we
showed in this study for temperature, wind speed and
humidity. However, literature is really scarce. We find no
study examining the impact of windspeed on psychiatric dis-
orders. As far as it concerns humidity, our significant results
are in line with previous results which showed significant
negative correlations with alcohol use disorders29, and
manic admissions30, and significant positive correlations for
humidity and high self-reported distress.31 We found a posi-
tive correlation between humidity and mood disorders, with
our sample which includes manic and depressive episodes.
Concerning psychosis, we found a negative correlation with
humidity, which has been replicated only once according to
the systematic review of Jahan et al.32

Possible biological explanations

Patients suffering from psychosis often exhibit impaired
thermoregulatory system, through their pathological neuro-
transmitters transmissions, their dysfunctional circadian
clock, and through the impact of psychotropic drugs.33−35

This manifests as dysregulation of body temperature, abnor-
mal daily range of temperatures and diurnal variations, and
a disability to compensate to heat stress.17 Dehydration fur-
ther complicates matters by altering the bioavailability and
efficacy of psychotropic drugs, potentially explaining the
onset of psychiatric decompensation and emergency admis-
sions for heat-related diseases. Another etiological mecha-
nism contributing to emergency visits could be the sleep
alterations due to high ambient temperatures.36 These dis-
turbances interfere with heat transfer between the two reg-
ulatory compartments: the heat-producing homeothermic
core and the heat-loss regulating poikilothermic shell.36 This

Fig. 5 France’s maps representing the temperatures of the different thresholds for A) the 90th percentile B) the 95th percentile, C)

the 99.9th percentile.

Table 3 Pearson’s correlations between meteorological

indicators and disorders.

Meteorological

Indicators

Codes R p-value

Tmax All psychiatric

disorders

�0.03 p<0.001

Tmax Dementia 0.01 0.01

Tmax Psychosis 0.01 0.1

Tmax Stress reactions 0.00 0.3

Tmax Anxiety disorders �0.03 p<0.001

Tmax Mood disorders �0.05 p<0.001

Tmax Conduct disorders 0.00 0.2

Tmin All psychiatric

disorders

�0.01 0.04

Tmin Dementia 0.01 p<0.001

Tmin Psychosis 0.03 p<0.001

Tmin Stress reactions 0.02 p<0.001

Tmin Anxiety disorders �0.03 p<0.001

Tmin Mood disorders �0.04 p<0.001

Tmin Conduct disorders 0.02 p<0.001

Wind speed All psychiatric

disorders

�0.01 p<0.001

Wind speed Dementia 0.00 0.6

Wind speed Psychosis 0.00 0.5

Wind speed Stress reactions 0.00 0.3

Wind speed Anxiety disorders �0.03 p<0.001

Wind speed Mood disorders 0.01 0.01

Wind speed Conduct disorders 0.00 0.76

Humidity All psychiatric

disorders

0.04 p<0.001

Humidity Dementia 0.01 0.07

Humidity Psychosis �0.03 p<0.001

Humidity Stress reactions 0.00 0.8

Humidity Anxiety disorders 0.04 p<0.001

Humidity Mood disorders 0.05 p<0.001

Humidity Conduct disorders 0.01 0.04
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can lead to dysregulation in the sleep/wake cycle notably
through elevated dopamine levels. Sleep alterations are
highly implicated in distress and psychosis decompensa-
tion33, possibly eluciding the positive correlations found
between minimal temperature and psychosis or dementia,
since minimal temperature is the night temperature’s
reflection.

Regarding the decrease in emergency visits for acute
mood disorders or diseases highly influenced by mood disor-
ders, several explanations can be proposed. First, it is true
that working with ratio might have artificially decrease the
risk of visits since the all causes visit increases during
extreme hot days. Nevertheless, depression can be allevi-
ated by summer, notably through the sunlight impact and
very hot days usually have large insolation time. Serotoner-
gic function plays a major component in depressive disor-
ders, and it is known to fluctuate with light and
temperature.37−39 Serotonin availability increases with the
duration of daily sunshine.40 Although literature presents
contradictory results, more and more evidence growth to
the efficiency of light therapy notably through the regula-
tion of the circadian clock and catecholamine regulation.41

In addition, major depressive disorders are associated with
increased inflammation, and anti-inflammatory agents show
interesting results in this indication. Some studies have
tested whole body hyperthermia for the treatment of major
depressive disorder with good results, notably via anti-
inflammatory interleukine-6 secretion.42,43 Therefore, it’s
plausible that extreme heat could induce mild hyperther-
mia, alleviating depressive symptoms and, consequently,
reducing emergency visits. This hypothesis aligns with the
negative correlations we identified between both minimal
and maximal temperatures and mood and anxiety disorders.
“

Limits of the study

This study also has several limitations. Due to conflicting find-
ings in the literature and a lack of data at the department
scale over our study period, we chose not to include other
meteorological variables such as humidity, atmospheric pres-
sure, insolation duration, and air pollution in our regression
analysis. Furthermore, we did not perform a time series analy-
sis that would have allowed us to study the lag effect,
although we examined the cumulative impact of heat based
on a validated three-day time frame. Regarding meteorologi-
cal data, the trend of temperature impact often reaches a
plateau around the 99.5th percentile, likely due to the scar-
city of extremely hot days in our study period, despite strong
heatwaves and temperature records. However, extending the
study period would have compromised the quality of data col-
lection on medical records, whose quality strongly improved
in a lot of hospital from 2015. It is essential to note that com-
bining visits for psychiatric disorders with those for illnesses
strongly influenced by psychiatric disorders could introduce
bias in assessing the impact of extreme temperatures on the
pathophysiology of psychiatric disorders.. Nevertheless, it is
challenging to work on a pathology-by-pathology basis when
individuals suffer from chronic illnesses that impact the entire
organism. Additionally, psychiatric patients, often highly vul-
nerable, place psychiatrists at the forefront of medical guid-
ance, necessitating an approach that addresses the individual
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comprehensively. Furthermore, working with ratios may have
led to an underestimation of the incidence of visits for acute
psychiatric disorders, given the increase in visits for heat-
related diseases The impact for disorders strongly influenced
by psychiatric disorders also exists but is comparatively
weaker. Lastly, while daily temperatures may not precisely
reflect individual temperature exposure (that depends on
occupation, housing, air-conditioning, etc.), they still provide
a reasonable approximation given the large sample size.

Strengths of the study

This study possesses several notable strengths. Firstly, the
sample size is substantial, ensuring the reliability and robust-
ness of the results. Secondly, the study’s geographical scale is
noteworthy. By analyzing data across various departments
throughout the entire metropolitan territory, we were able to
precisely aggregate meteorological data with emergency visits
and examine the overall impact of high temperatures at a
national level, including rural, urban seaside or mainland pop-
ulations. The utilization of visit rates and the adjustment
based on the department’s population allowed us to account
for the influence of population density and variations in hospi-
tal attendance throughout the warm period. We conducted an
extensive analysis considering a wide range of temperature
thresholds, enabling accurate identification of the onset of
heat effects. By focusing our analysis on the warm period and
excluding the seasonal impact, we could specifically examine
the extreme heat effect by calculating percentiles during this
period. Additionally, by selecting reference days within the
warm period but not within the study period, we avoided the
potential delayed lag effect of heatwave days.

Conclusion

Extreme heat appears to have a significant impact on mental
health, particularly on dementia and psychosis. These findings
are of significant relevance, considering the context of global
warming and the projected rise in heatwave occurrences. They
highlight the need to provide guidance for psychiatric practices
during extreme hot weather. Further research is essential to
gain a more comprehensive understanding of these phenom-
ena, and exploring the impact of other meteorological factors
hold promise as a potential avenue for exploration.
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2004.

5. Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V,

et al. The global prevalence of common mental disorders: a sys-
tematic review and meta-analysis 1980-2013. Int J Epidemiol.

2014;43(2):476−93.

6. Vigo D, Thornicroft G, Atun R. Estimating the true global burden

of mental illness. Lancet Psychiatry. 2016;3(2):171−8.
7. Carlsen HK, Oudin A, Steingrimsson S, Oudin A

�

str€om D. Ambient

temperature and associations with daily visits to a psychiatric

emergency unit in Sweden. Int J Environ Res Public Health.

2019;16(2).
8. Liu J, Varghese BM, Hansen A, Xiang J, Zhang Y, Dear K, et al. Is

there an association between hot weather and poor mental

health outcomes? A systematic review and meta-analysis. Envi-
ron Int. 2021;153:106533.

9. Ung A, Wagner V, Beaudeau P, Pascal M. The French Heat and

Health Watch Warning System: principles, Fundamentals and

Assessment. Institut de veille sanitaire; 2013.
10. Trang PM, Rockl€ov J, Giang KB, Kullgren G, Nilsson M. Heat-

waves and hospital admissions for mental disorders in Northern

Vietnam. PLoS One. 2016;11(5):e0155609.

11. Hansen A, Bi P, Nitschke M, Ryan P, Pisaniello D, Tucker G. The
effect of heat waves on mental health in a temperate Australian

city. Environ Health Perspect. 2008;116(10):1369−75.

12. Ambar Akkaoui M, Chan-Chee C, Laaidi K, Fifre G, Lejoyeux M,
Vaiva G, et al. Seasonal changes and decrease of suicides and

10

N. Christodoulou, K. Laaidi, G. Fifre et al.

https://doi.org/10.1016/j.ejpsy.2023.100249
https://doi.org/10.1016/j.ejpsy.2023.100249
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0001
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0002
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0002
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0002
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0002
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0003
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0003
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0003
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0003
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0005
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0005
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0005
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0005
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0006
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0006
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0007
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0008
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0008
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0008
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0008
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0009
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0009
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0009
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0010
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0010
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0010
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0010
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0011
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0011
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0011
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0012
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0012


suicide attempts in France over the last 10 years. Sci Rep.

2022;12(1):8231.
13. Wang X, Lavigne E, Ouellette-kuntz H, Chen BE. Acute impacts

of extreme temperature exposure on emergency room admis-

sions related to mental and behavior disorders in Toronto, Can-
ada. J Affect Disord. 2014;155:154−61.

14. Nori-Sarma A, Sun S, Sun Y, Spangler KR, Oblath R, Galea S,

et al. Association between ambient heat and risk of emergency

department visits for mental health among US adults, 2010 to
2019. JAMA Psychiatry. 2022;79(4):341−9.

15. Peng Z, Wang Q, Kan H, Chen R, Wang W. Effects of ambient

temperature on daily hospital admissions for mental disorders

in Shanghai, China: a time-series analysis. Sci Total Environ.
2017: 281−6. 590-591.

16. Bouchama A, Dehbi M, Mohamed G, Matthies F, Shoukri M,

Menne B. Prognostic factors in heat wave related deaths: a

meta-analysis. Arch Intern Med. 2007;167(20):2170−6.
17. Chong TW, Castle DJ. Layer upon layer: thermoregulation in

schizophrenia. Schizophr Res. 2004;69(2−3):149−57.

18. Yoo EH, Eum Y, Roberts JE, Gao Q, Chen K. Association between
extreme temperatures and emergency room visits related to

mental disorders: a multi-region time-series study in New York,

USA. Sci Total Environ. 2021;792:148246.

19. Zhang S, Yang Y, Xie X, Li H, Han R, Hou J, et al. The effect of
temperature on cause-specific mental disorders in three sub-

tropical cities: a case-crossover study in China. Environ Int.

2020;143:105938.

20. Lee S, Lee H, Myung W, Kim EJ, Kim H. Mental disease-related
emergency admissions attributable to hot temperatures. Sci

Total Environ. 2018: 688−94. 616-617.

21. Linares C, Culqui D, Carmona R, Ortiz C, Díaz J. Short-term asso-
ciation between environmental factors and hospital admissions

due to dementia in Madrid. Environ Res. 2017;152:214−20.

22. Nitschke M, Tucker GR, Bi P. Morbidity and mortality during heat-

waves in metropolitan Adelaide. Med J Aust. 2007;187(11−12):
662−5.

23. Danilenko KV, Levitan RD. Chapter 17 - seasonal affective disor-

der editors. In: Aminoff MJ, Boller F, Swaab DF, eds. Handbook

of Clinical Neurology, Elsevier; 2012:279−89.
24. Krstic N, Yuchi W, Ho HC, Walker BB, Knudby AJ, Henderson SB.

The Heat Exposure Integrated Deprivation Index (HEIDI): a

data-driven approach to quantifying neighborhood risk during

extreme hot weather. Environ Int. 2017;109:42−52.
25. Dong W, Liu Z, Zhang L, Tang Q, Liao H, Li X, et al. Assessing

heat health risk for sustainability in Beijing’s Urban Heat Island.

Sustainability. 2014;6(10). [7334-57 pp].
26. Ho HC, Wong MS. Urban environmental influences on the tempera-

ture-mortality relationship associated mental disorders and car-

diorespiratory diseases during normal summer days in a

subtropical city. Environ Sci Pollut Res Int. 2019;26(23):24272−85.
27. Galima SV, Vogel SR, Kowalski AW. Seasonal affective disorder:

common questions and answers. Am Fam Physician. 2020;102

(11):668−72.

28. Youn�es N, Hardy-Bayle MC, Falissard B, Kovess V, Chaillet MP,

Gasquet I. Differing mental health practice among general prac-
titioners, private psychiatrists and public psychiatrists. BMC

Public Health. 2005;5:104.

29. Pires D, Ambar Akkaoui M, Laaidi K, Chan Chee C, Fifre G,
Lejoyeux M, et al. Impact of meteorological factors on alcohol

use disorders: a study in emergency departments. Chronobiol

Int. 2022;39(3):456−9.

30. Mawson D, Smith A. Relative humidity and manic admissions in
the London area. Br J Psychiatry. 1981;138:134−8.

31. Ding N, Berry HL, Bennett CM. The importance of humidity in

the relationship between heat and population mental health:

evidence from Australia. PLoS One. 2016;11(10):e0164190.
32. Jahan S, Wraith D, Dunne MP, Naish S, McLean D. Seasonality

and schizophrenia: a comprehensive overview of the seasonal

pattern of hospital admissions and potential drivers. Int J Bio-

meteorol. 2020;64(8):1423−32.
33. Ashton A, Jagannath A. Disrupted sleep and circadian rhythms

in schizophrenia and their interaction with dopamine signaling.

Front Neurosci. 2020;14:636.
34. Westaway K, Frank O, Husband A, McClure A, Shute R, Edwards

S, et al. Medicines can affect thermoregulation and accentuate

the risk of dehydration and heat-related illness during hot

weather. J Clin Pharm Ther. 2015;40(4):363−7.
35. Martin-Latry K, Goumy M-P, Latry P, Gabinski C, B�egaud B, Faure

I, et al. Psychotropic drugs use and risk of heat-related hospital-

isation. Eur Psychiatry. 2007;22(6):335−8.

36. Obradovich N, Migliorini R, Mednick SC, Fowler JH. Nighttime
temperature and human sleep loss in a changing climate. Sci

Adv. 2017;3(5):e1601555.

37. Maruani J, Anderson G, Etain B, Lejoyeux M, Bellivier F, Geoff-
roy PA. The neurobiology of adaptation to seasons: relevance

and correlations in bipolar disorders. Chronobiol Int. 2018;35

(10):1335−53.

38. Maruani J, Geoffroy PA. Bright light as a personalized precision
treatment of mood disorders. Front Psychiatry. 2019;10:85.

39. Geoffroy PA, Bellivier F, Scott J, Etain B. Seasonality and bipolar

disorder: a systematic review, from admission rates to seasonal-

ity of symptoms. J Affect Disord. 2014;168:210−23.
40. Penev PD, Zee PC, Turek FW. Serotonin in the spotlight. Nature.

1997;385(6612):123.

41. Pail G, Huf W, Pjrek E, Winkler D, Willeit M, Praschak-Rieder N,

et al. Bright-light therapy in the treatment of mood disorders.
Neuropsychobiology. 2011;64(3):152−62.

42. Janssen CW, Lowry CA, Mehl MR, Allen JJ, Kelly KL, Gartner DE,

et al. Whole-body hyperthermia for the treatment of major
depressive disorder: a randomized clinical trial. JAMA Psychia-

try. 2016;73(8):789−95.

43. Flux MC, Smith DG, Allen JJB, Mehl MR, Medrano A, Begay

TK, et al. Association of plasma cytokines and antidepres-
sant response following mild-intensity whole-body hyper-

thermia in major depressive disorder. Transl Psychiatry.

2023;13(1):132.

11

The European Journal of Psychiatry 38 (2024) 100249

http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0012
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0012
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0013
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0013
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0013
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0013
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0014
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0014
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0014
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0014
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0015
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0015
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0015
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0015
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0016
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0016
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0016
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0042
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0042
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0017
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0017
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0017
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0017
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0018
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0018
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0018
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0018
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0019
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0019
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0019
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0020
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0020
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0020
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0021
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0021
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0021
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0022
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0022
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0022
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0023
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0023
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0023
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0023
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0024
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0024
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0024
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0025
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0025
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0025
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0025
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0026
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0026
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0026
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0027
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0027
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0027
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0027
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0027
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0028
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0028
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0028
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0028
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0029
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0029
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0030
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0030
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0030
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0031
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0031
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0031
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0031
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0039
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0039
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0039
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0040
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0040
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0040
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0040
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0041
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0041
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0041
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0041
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0044
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0044
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0044
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0032
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0032
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0032
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0032
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0033
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0033
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0034
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0034
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0034
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0035
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0035
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0036
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0036
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0036
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0037
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0037
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0037
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0037
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0038
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0038
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0038
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0038
http://refhub.elsevier.com/S0213-6163(23)00062-9/sbref0038

	Heatwaves and mental disorders: A study on national emergency and weather services data
	Introduction
	Materials and methods
	Meteorological data
	Emergency visits
	Statistical analysis

	Results
	Health data description
	Meteorological data description
	Statistical analysis

	Discussion
	Interpretation and implications
	Contribution and congruence with the literature
	Possible biological explanations
	Limits of the study
	Strengths of the study

	Conclusion
	Ethical considerations
	Conflicts of interest
	Acknowledgments
	Fundings

	Supplementary materials
	References



