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This work is an analytical review. Initial research data have been taken from original studies published in peer-reviewed 

scientific journals in 2014–2024. The following search terms were used when searching for English language sources in Pub-
Med database: (mental health OR mental disorders OR mental illness OR suicide) AND (high ambient temperatures OR heat 
stress OR hot weather OR heat waves). Russian language sources were sought in eLibrary using the following keywords: mental 
health; mental disorders; mental diseases; suicide; high ambient temperatures; heat waves; global warming. 

The review has established the following. Effects produced by high ambient temperatures on mental health have 
only recently become a separate research topic within a broader context of ‘Climate Change and Population Health’ 
studies or, as the WHO terminology puts it, ‘Population Health under Changing Climate’. In contrast to five previous 
reports, the Sixth Assessment Report of the Intergovernmental Panel on Climate Change contains a bigger section on 
impacts exerted by climate on mental health. Scientific evidence suggests with high confidence that exposure to high am-
bient temperatures and heat waves causes mental disorders. These disorders include anxiety, depression, acute post-
traumatic stress, suicidal behavior, and use of psychoactive substances; they are diagnosed as both mild disorders and 
severe cases that require hospital admission. Effects of heat stress on human psyche are caused by complex interactions 
between physiological and psychological factors. The human body tries to maintain the thermal balance and this induces 
a whole cascade of physiological reactions, ranging from increased heart rate to dehydration. Physiological strain un-
dermines mental health and causes sleep disorders, irritability, mental fatigue and cognitive disorders.  
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Heat waves are the periods that create sig-

nificant discomfort for humans and are statisti-
cally associated with drastic mood swings, ag-
gression and anxiety, especially among people 
with low socioeconomic status [1, 2]. This has 
even made  researchers suggest a new concept, 
heat-related violence [3]. Moreover, the Ameri-
can Psychological Association has reported that 
a relative increase in mortality during heat 
waves has been thrice as high among patients 
with mental disorders compared to healthy peo-
ple [4]. Also, suicide rates have been reported 
to rise during heat waves [5] and in early sum-
mer when weather typically gets hot [6]. The 

frequency of emergency ambulance dispatches 
due to suicidal behavior grew by more than four 
times in Shenzhen, China, during heat waves 
lasting for 3 or more days (RR = 4.53, 95 % CI: 
1.23–16.68) [7]. In contrast to five previous re-
ports, the Sixth Assessment Report of the Inter-
governmental Panel on Climate Change1 con-
tains a bigger section on climate change im-
pacts on mental health. Mental disorders have 
been established in people exposed to danger-
ous meteorological events such as floods, ty-
phoons, storms or droughts in many countries 
across the globe. The same happens during fires 
or other emergencies.  
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This review focuses on methods for investi-
gating effects of climate change on mental health 
in greater detail in comparison with our previous 
reviews of health effects of climate change. This 
subject is still new for Russian researchers.  

Materials and methods. This work is an 
analytical review. Initial research data have 
been taken from the original studies published 
in peer-reviewed scientific journals in  
2014–2024. Several criteria were used in se-
lection of relevant sources. Original studies 
had to contain the following:  

1) quantitative data on temperature stress 
during a hot season during the study period or 
definition of heat waves since different authors 
tend to use different definitions; 

2) descriptions of analyzed samples (the 
number of subjects and reference to a city or a 
country); we also considered meta-analyses, 
which generalized the results reported in sev-
eral local studies in order to identify health 
effect modifiers; 

3) a formulated statistical hypothesis and 
description of statistical methods used to test 
it. We took both direct epidemiological studies 
that involved establishing numerical relation-
ships between a dose and a level of effects 
produced on mental health and the results ob-
tained by survey data analysis, for example, 
about the number of complaints about certain 
symptoms. The studies of the first type were 
given priority in selection for review. 

The following search terms were used when 
searching for English language sources in Pub-
Med database: (mental health OR mental disor-
ders OR mental illness OR suicide) AND (high 
ambient temperatures OR heat stress OR hot 
weather OR heat waves). Russian language 
sources were sought in eLibrary using the fol-
lowing keywords: mental health; mental disor-
ders; mental diseases; suicide; high ambient 
temperatures; heat waves; global warming. Ref-
erences in publications, which were found using 
the above mentioned keywords, were analyzed 
by hand to search for additional relevant articles. 

Main results. An original epidemiological 
study conducted in Odessa and the Odessa region 
is among the first Russian publications on the 
subject. It covered 11,200 suicides during the pe-
riod between 2000 and 2016 [8]. The results of 

this study revealed seasonality in suicidal behav-
ior as the number of suicides grew in May when 
daylight hours became progressively longer (the 
linear correlation coefficient was r = 0.97 at the 
significance level p < 0.001). A relationship was 
also established between suicide rates and high 
ambient temperatures since the typical seasonal 
spring-summer temperature rise was the most 
pronounced in May. Another study analyzed a 
relationship between frequency of suicides and 
geliogeophysical and technogenic factors in three 
cities located in the Murmansk region, that is, in 
high latitudes. The three cities were Monche-
gorsk, located near a nickel smelter, Apatity and 
Kirovsk, the cities famous for mineral fertilizer 
factories. Suicide frequency was higher in 
Monchegorsk, a city exposed to emissions from 
Severonikel Plant. Possible health effects of solar 
activity cycles tend to be more intensive in high 
latitudes [9]. A scoping review [10] of effects of 
high ambient temperatures on suicide rates 
worldwide reported that the results of multiple 
studies suggested the relation between suicide 
rates and high ambient temperatures. 

Neurophysiological pathways of heat 
stress. When explaining possible pathways that 
could explain increase in hospital admissions for 
mental disorders during hot periods, researchers 
often turn to brain biochemistry. Heat stress in-
duces an increase in plasma serotonin, which 
inhibits the production of dopamine (DA), a neu-
rotransmitter that appears to influence brain 
functioning in complex task performance [11]. 
High ambient temperatures also affect the pro-
duction of serotonin in platelets, which is associ-
ated with such diseases as schizophrenia and de-
pression [12]. Overheating of neuron tissue can 
induce changes in temperature-sensitive proc-
esses in the brain, for example, synapse conduc-
tivity, cerebral circulation, production and me-
tabolism of the most important neuromediators 
(catecholamine, noradrenaline, and gamma-
aminobutyric acid), which affect the symptoms 
of schizophrenia and other mental disorders [13]. 
Overheating of the brain impairs the blood-brain 
barrier permeability, which can result in brain 
edema and functional disorders in the brain. Pa-
tients with schizophrenia reportedly have diffi-
culties with thermal regulation [14]. High tem-
perature inhibits the production of L-Trypto-
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phan, a serotonin precursor; low concentrations 
of L-tryptophan in plasma are associated with 
major depression disorders [15]. 

Declining cognitive functions under high 
ambient temperatures can also be a pathway, 
since such patients may fail to perceive how 
hazardous heat is and to take relevant safety 
precautions. Similarly, patients with dementia 
should also be at higher risk since they may 
fail to take relevant protective actions during 
extreme heat. The increased level of physical 
discomfort that they experience under such 
weather can exacerbate dementia symptoms 
and lead to excitation [16]. Psychoactive drugs 
can reduce the body ability to perform thermal 
regulation. Strong heat stress can induce men-
tal confusion and declining cognitive abilities 
in patients with schizophrenia [17]. 

High ambient temperatures as a risk 
factor affecting mental health. Epidemiol-
ogical studies of the effects of high ambient 
temperatures on mental health can be divided 
into two uneven groups according to the pro-
cedure of selection of an exposure variable: (1) 
describing continuous relationship between a 
selected health outcome and variations in am-
bient temperature and (2) examining effects 
produced by heat waves as a discrete weather 
phenomenon when a binary heat wave indica-
tor is used as an exposure. Most of studies be-
long to the first type. Thus, a systematic re-
view [18] of literature indexed in databases 
such as PubMed, Embase, Scopus, Web of 
Science and PsycINFO, identified 44 studies 
describing continuous temperature relation-
ships and only 12 studies that focused on heat 
waves. Accordingly, the results reported in the 
first-type studies are usually given as an in-
crease in morbidity / mortality per specified 
change in temperature within the given percen-
tile range, or per each 1 °C increase in tem-
perature. However, if a temperature averaged 
over several days before the effect (T0-n) is 
taken as an exposure variable, then the model 
measures the effects of stress accumulated 
over n + 1 day (the day when the effect started is 
considered the zero one). As we shall see, the 
results of studies that concentrate on the relation-
ship between the effect and ambient temperature 
are most frequently reported exactly for such 

averaged temperatures. If the results are re-
ported for extreme ambient temperatures T0-n 
at the 95-th percentile or higher, then we actu-
ally speak about effects produced by heat 
waves. The second-type studies usually report 
increases in morbidity / mortality during heat 
waves in comparison with the remaining days 
or with specifically selected control days.  

Let us first consider several examples of 
studies that focus on continuous relationships be-
tween mental health measures and ambient tem-
peratures with emphasis on age-related differ-
ences. In the next section, we will consider the 
effects produced by discrete heat waves. During 
extreme heat, there was a growth in mental disor-
der hospitalizations and especially an apparent 
rise in levels of transient mental disorders in 
Hong Kong [19] and Shanghai [20]. Long-term 
exposure to heat in two Canadian provinces,  
Alberta and Ontario [21] led to increased number 
of emergency department visits for mental and 
behavioral disorders including such diagnoses as 
dementia, neurotic disorders, schizophrenia and 
personality behavior disorders. 

In Hong Kong, Poisson Generalized Addi-
tive Model (GAM) was used to study the rela-
tionship between daily hospital admissions for 
mental disorders and a daily set of meteorologi-
cal parameters including average daily ambient 
temperature. Overall, 44,600 hospital admissions 
were analyzed, which were registered in  
2002–2011. To describe a smooth relationship 
between the number of hospital admissions and 
ambient temperatures, the Distributed Lagged 
Non-linear Model (DLNM) was used to account 
for the potential lagged effects. In the core 
model, the daily counts of mental-disorder ad-
missions were regressed against the long-term 
trend (day of study), seasonal trend, holiday ef-
fect, day-of-week effect, and also levels of am-
bient air pollution, which at present is considered 
a conventional ‘good practice’ in such studies. 
Cumulative relative risks (RR) were estimated 
for the interquartile range of temperatures, that 
is, a relative growth in hospital admissions, 
which corresponded to an increase in ambient 
temperature between the 25th percentile 
(19.4 °С) and the 75th percentile (28 °С). The 
estimated RR = 1.09 (95 % CI: 1.03–1.15) for all 
age groups, but it reached 1.20 (95 % CI:  
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1.09–1.31) for elderly patients aged over 75 
years. This indicates that the older age group is 
highly susceptible. At the same time, no risks 
were established for children younger than 15 
years. The highest risks were established for 
transient organic psychotic conditions (transient 
disorders)2, ICD-9 code 293, RR = 1.51 (95 % 
CI: 1.00–2.27), and recurrent affective psycho-
ses, ICD-9 code 296, RR = 1.34 (95 % CI:  
1.05–1.71). The authors of this study believe that 
higher relative risks found for the older age-
group might be associated with a higher preva-
lence of cognitive problems among the older 
population. Previous studies have reported nega-
tive associations between temperature and cogni-
tive function among Japanese [22] and Ameri-
cans [23]. In Hong Kong, a U-shaped associa-
tion was found between temperature and 
dementia admissions, that is, risks of dementia 
increased under high ambient temperatures [19]. 

In Shanghai, a quasi-Poisson generalized 
additive model (GAM) combined with a dis-
tributed lag non-linear model (DLNM) was 
used to analyze the lag-exposure-response rela-
tionship between daily mean temperature, rela-
tive humidity and hospital admissions for men-
tal disorders. First, the distributed lags were up 
to 21 days; however, it was shown that lags up 
to 7 days would be quite sufficient since after 
day 7 a cumulative effect loses its statistical 
significance [20]. The model also considered an 
apparent relationship between hospital admis-
sions and a calendar period (adjusted for a day-
of-week, seasonal and long-term trends) and 
ambient air pollution with PM10, SO2 and NO2. 
Overall, 94,000 hospital admissions during 
2008–2015 were analyzed and a relative in-
crease in hospital admissions was calculated, 
which corresponded to a temperature rise from 
its median value (18.3 °С) up to 99th percentile 
(33.1 °С). The maximum effect was reached at 
a lag of 0–1, that is, for the sum of temperatures 
on a hospital admission day and the previous 
day. The respective risk for all age groups was 
RR = 1.27 (95 % CI: 1.07–1.49). Obviously, 
this risk is much higher than in Hong Kong 
since it corresponds to the temperature rise up 
to the 99th percentile and not the 75th one. How-

ever, the authors report a respective result for 
the 75th percentile (24.5 °С), RR = 1.08 (95 % 
CI: 1.00–1.17), and it is almost the same as the 
result reported for Hong Kong. The authors of 
the study conducted in Shanghai report that this 
level of risk is mostly reached due to age 
groups ≥45 years since for this group RR = 1.32 
(95 % CI: 1.08–1.62). The effect lost any sig-
nificance for the age group 0–44 years and 
amounted to RR = 1.10 (95 % CI: 0.89–1.36); 
that is, ambient temperatures had practically no 
effect on hospital admissions. 

The effects of high ambient temperatures 
on mental health have been observed  not only 
in Asia but also in the Western hemisphere. 
Thus, a strong association was found in To-
ronto, Canada, between mean daily tempera-
ture at 28 °C and hospital admissions for all 
mental disorders and specifically for schizo-
phrenia, mood, and neurotic disorders [24]. 
This temperature in Toronto corresponds to the 
99th percentile of average daily temperature 
distribution. The ambient temperature that cor-
responded to the 50th percentile was taken as a 
reference one. The association was the strong-
est for the regressor T0-4, that is, on the fifth 
day of continuous exposure to extreme heat. 
Relative risk for hospital admissions for all 
mental and behavioral disorders at T0-4 = 28 °С 
was equal to 1.29 (95 % CI: 1.09–1.53). 

In the USA, a relationship was found be-
tween a rise in average monthly ambient tem-
peratures and a growing number of complaints 
about mental disorders (depression, stress, and 
emotional disorders), which a respondent had for 
the last 30 days prior to the day of a survey. 
Overall, 2 million people took part in the survey 
all over the country [25]. The maximum daily 
temperature averaged over the same period  
(T30) was taken as an exposure variable. To sim-
plify the design of this study a bit, we can say 
that all cities in the USA were divided into five 
groups with the 5 °С differences in this variable: 
the first (reference) group with 10 °С < T30 < 15 
°C; the second group with 15 °С < T30 < 20 °C 
and so on, to the last group with T30 ≥ 30 °C. The 
number of complaints in the last but one  group 
with 25 °С < T30 < 30 °C was higher by 0.7 % 

__________________________ 
 

2 Similar to transient disorders of cerebral circulation. 
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than that in the reference group, and the number 
of complaints in the last group was 1.3 % higher 
than that in the reference group. Therefore, em-
pirical evidence suggested the effect of rising 
average monthly temperatures on the prevalence 
of mental symptoms.  

We have already mentioned this Canadian 
study [21], which used a case-crossover design 
in contrast to time series analysis. Let us look at 
it in greater detail. Specifically, each day with 
an emergency department (ED) visit was com-
pared to several control periods for the same 
patient when he/she did not visit the ED. In this 
Canadian study, the control periods were se-
lected as the same days on the different weeks 
during the same month. For instance, if an ED 
visit for mental and behavioral disorders oc-
curred on the first Monday of January 2020, the 
control periods would be identified as those 
other Mondays during January 2020. Only the 
first ED visit during the respective month was 
considered. This study design was less prone to 
bias from effects of a day-of-week and a 
month-of-year and also accounted for individ-
ual-level confounders (e.g. smoking status) 
since ‘the case controlled itself’. A case and its 
control would differ from each other by only 
weather and environmental conditions in a 
place where a patient lived, for example, levels 
of ambient air pollution. Conditioned logistic 
regression was applied to investigate influence 
exerted by these variables in ‘case – control’ 
pairs. A distributed lag non-linear model 
(DLNM) was used because it described lagged 
exposures to environmental factors that accu-
mulated over several days. The greatest tem-
perature effect would be reached when consid-
ering the lags between 0 and 5 days (Т0-5), that 

is, heat stress accumulated over five days prior 
to a hospital visit. Overall, the sample included 
almost 10 million (!) ED visits for mental and 
behavioral disorders over the period 2004–2020 
in Alberta and Ontario provinces. An average 
daily temperature and humidity were retrieved 
from the Daymet North American Meteorologi-
cal Database using a 1 km × 1 km grid ap-
proximating the coordinates of the zip code of a 
patient’s place of residence. In this study, the 
authors calculated odds ratios (OR) of emer-
gency department visits at the 97.5th percentile 
of average daily temperature distribution in ref-
erence to the ‘optimal’ temperature under 
which the number of ED visits was the lowest 
in a given administrative region. This optimal 
temperature was within the range between the 
5th and 95th percentiles and was established by 
visual examination of the graph of the relation-
ship between ambient temperature and the num-
ber of ED visits. ORs were calculated separately 
for each region and then the average weighted 
value was determined using meta-analysis. 
These values are presented in Table 1 for spe-
cific diagnoses and age groups. The greatest heat 
effects were found in the age group of 30–49 
years; the lowest, in the age group ≤ 18 years. 
The highest risk among all analyzed diagnoses 
was established for substance use disorders. 

Effects of heat waves. Medical visits for 
mental disorders were studied using ‘case-
crossover’ method in Jinan, China (population 
is 6.8 million) during the four strongest heat 
waves in the summer of 2010 [26]. That sum-
mer was extremely hot; four heat waves were 
registered and lasted for 4, 3, 4 and 3 days, re-
spectively. Each visit to a doctor during a heat 
wave was considered a ‘case’; control days  

 

T a b l e  1   
Odds ratio (OR) for visits to the emergency department during extreme heat and under optimal 

ambient temperature in Canada [21] 
Analyzed group OR 95 % CI 

Any mental disorder, any age 1.15* 1.12–1.17 
Age of 30–49 years 1.18* 1.15–1.22 
Age ≤ 18 years 0.97 0.91–1.02 
Substance use disorders 1.29* 1.24–1.33 
Schizophrenia 1.15* 1.10–1.20 
Neurotic disorders 1.15* 1.12–1.19 
Dementia 1.16* 1.07–1.25 

Note: * risk is significant at 95 % level, p < 0.05. 
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were selected on the same days-of-week one, 
two and three weeks prior to a heat wave as 
well as one, two and three weeks after it (pro-
vided that those control days themselves did 
not fall within a heat wave period). This study 
design is called ‘symmetric bidirectional’. This 
method is quite useful for examining short-term 
exposures when a time gap between an ED visit 
and a control day is longer than a typical period 
of exposure to an analyzed environmental fac-
tor; in this case, duration of a heat wave. 

A heat wave was defined as uninterrupted 
sequence of three or more days when the 
maximum daily temperature was above 35 °С. 
Odds ratio of seeing a doctor for all mental 
and behavioral disorders (ICD-10 codes  
F00–F99) during a heat wave and on control 
days was calculated considering a possible 
time lag between 0 and 5 days from heat 
exposure to visiting a doctor. The largest odds 
ratios (ORs) during the heat waves for daily 
hospital visits for mental illness were 2.231 
(95 % confidence interval (CI): 1.436–3.466) 
at a 3-day lag, 2.836 (95 % CI: 1.776–4.525) 
at a 2-day lag, 3.178 (95 % CI: 1.995–5.064) 
at a 3-day lag, and 2.988 (95 % CI: 2.158–
4.140) at a 2-day lag for the first, second, 
third, and fourth heat waves, respectively. 

Further results were obtained for a sample 
of all four heat waves taken together, and con-
trol days – the remaining days between June 01 
and August 31. Odds ratios of hospitalization 
during heat waves (taking into account the 
abovementioned lags) and during the control 
period differed significantly depending on the 
following effect modifiers: age, place of 
residence, occupation, and marital status. Since 
these individual characteristics were not always 
available for the outpatients, modification of 
effects produced by heat was investigated only 
for the hospitalized patients. 

Odds ratio for hospitalization during heat 
waves against the control period was three 
times higher for old people ≥ 65 years than 
that in the age group ≤ 64 years (OR = 3.034, 
95 % CI: 1.802–5.139). The risk of heat waves 
on mental illness in urban areas was more se-
rious than that in the rural or suburban areas 
(OR = 1.523, 95 % CI: 1.120–2.074). Outdoor 
workers (OR = 1.714, 95 % CI: 1.198–2.398) 

and singles (OR = 1.709, 95 % CI: 1.233–2.349) 
were more likely to suffer from mental illness 
during the heat wave periods. 

As for specific diagnoses, the greatest ef-
fects of heat waves on hospitalization were 
found for schizophrenia, classification disor-
ders, and delusional disorders (ICD-10 codes 
F20–F29), mood disorders (F30–F39) and es-
pecially for neurological, stress-related and 
physical disorders (F40–F49). The chances of 
hospitalizations due to the last group of 
diagnoses were almost five times higher during 
the heat waves than those in the control period. 

The effects produced by heat waves 
lasting three days and longer on mortality and 
morbidity (judged as the number of hospital 
admissions) for various causes were examined 
in the Greater Metropolitan Sydney Region 
(5 million people). Among them, all mental 
disorders and some specific diseases were in-
vestigated including schizophrenia, dementia, 
and substance use disorders [27]. The analyzed 
data covered warm seasons (spring and 
summer) over the period between 1997 and 
2010. The authors used the ‘case – crossover’ 
method. ‘Cases’ were represented by both 
separate days of moderate heat (T ≥ 95th per-
centile of average daily temperature distribu-
tion over a warm half of year) or strong heat 
(T ≥ 99th percentile), and ‘three-day severe 
heat events’. Three-day severe heat events 
were selected using a temperature averaged 
over a hospitalization day and two previous 
days (T0-2) with the same threshold values of 
the percentiles. These selection criteria on 
average give 9 waves of moderate heat and 
2 waves of strong heat per year. Just as in 
previously mentioned studies, control days 
were the same days-of-week within the same 
months as hot days. The authors reported a 
rather weak relationship between the number 
of hospitalizations and hot weather (Table 2).  

Obviously, the effects on the old age group 
are not always stronger. Table 2 provides the 
results for single hot days with the zero lag 
between temperature and hospitalization. 
However, intensity of the effect may grow if we 
consider lags of several days; in this study, lags 
of up to three days were considered. The same 
concerns heat waves. We can take a lag of 1–3,  
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T a b l e  2  
Odds ratio OR (95 % CI) of  hospitalization for mental disorders on hot and control days 

in Sydney [27] 

Single hot days, lag 0 Three-day heat events, lag 0–2 Age group Moderate heat Severe heat Moderate heat Severe heat 
Thresholds Т0 ≥ 95 % Т0 ≥ 99 % Т0-2 ≥ 95 % Т0-2 ≥ 99 % 

Any age 1.01 (0.98–1.04) 1.08 (0.97–1.20) 1.03* (1.00–1.05) 1.05 (0.99–1.10) 
Age ≥ 65 1.03 (0.96–1.09) 0.94 (0.81–1.09) 1.09* (1.02–1.16) 1.05 (0.91–1.20) 

Note: *p < 0.05. 
 

2–4 days etc. instead of 0–2 days; however, 
such lags were not investigated in this study. 
For example, when investigating specific diag-
noses, the authors found that the maximum ef-
fect for hospitalizations for mood disorders was 
reached at a 1-day lag after the days of moder-
ate heat, OR = 1.06 (95 % CI: 1.00–1.12). The 
greatest absolute effects were established for 
substance use disorders, OR = 1.08 (95 % CI: 
0.97–1.20) and for hospitalizations for demen-
tia, OR = 1.14 (0.99–1.31). 

This Australian study has an obvious draw-
back since it did not consider the duration of heat 
waves. In this respect, we should mention a 
study conducted in Vietnam with its focus on 
effects produced on hospital admissions for 
mental disorders by heat waves of different dura-
tion [28]. Overall, the authors analyzed 21,443 
hospital admissions to the Hanoi Mental Hospi-
tal in 2008–2012. In this study, the authors de-
fined extreme heatwaves using consecutive days 
of a temperature higher than normal skin tem-
perature (above 34 °C). Therefore, they used the 
threshold of 35 °С for the maximum daily tem-
perature Tmax, which corresponded to the 90th 
percentile of its year-round distribution. 

Binary indicators Т0-2 ≥ 35 °С or Т0-6 ≥ 35 °С 
were used to identify days with accumulated heat 
stress. The authors interpret such ‘cases’ as the ef-
fects produced by heat waves not shorter than 3 
days or not shorter than 7 days. Note that this ap-
proach is different from a conventional one, when 
all days during an interrupted heat wave are con-
sidered “cases”. Thus, the condition Т0-2 ≥ 35 °С 
means that only the last day is the indicator for a 
three-day heat wave; or, the three last days are 
indicators for a five-day heat wave; etc. Thus, the 
effects of accumulated heat stress are investi-
gated. In this study, over five years, 175 single 

days were observed with the maximum tempera-
ture above 35 °C. Of those events, 61 included at 
least three consecutive days with such conditions, 
and ten events of these included at least seven 
consecutive days with such temperatures. In-
creases in hospital admissions were estimated ex-
actly for these samples in comparison with the 
remaining days within the analyzed period. 

A negative binomial model adjusted for a 
day-of-week, seasonality and long-term trend 
was used for regression of hospital admissions 
against the binary ambient temperature indica-
tor. Such a model is used for overdispersed de-
pendent variable, when its distribution is con-
siderably different from Poisson’s. Table 3 pro-
vides data on estimated relative risks of hospital 
admissions for all mental disorders, specific 
diagnoses and susceptible population groups. 

Obviously, among specific diagnoses, the 
highest risks were found for organic disorders 
and specifically for the codes F04–F06 (organic 
amnesic syndrome, delirium and other mental 
disorders due to brain damage) as well as for 
mental retardation. The authors mention such 
effect modifiers as place of residence (higher 
risks were established for rural population) and 
older age. For example, risks of heat waves 
were found to be twice as high for people aged 
≥ 61 years against those established for all age 
groups. 

Meta-analysis of risks established in lo-
cal studies. Many local studies have been con-
ducted recently. Subsequent meta-analysis of 
obtained local-specific results is used to study 
possible causes for their heterogeneity; that is, 
to investigate possible effect modifiers. Let us 
consider a systematic review [18], which used 
meta-analysis of random effects of both high 
ambient temperatures and heat waves. 
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Relative risks of single days and heat waves, RR (95 % CI) for hospital admissions for mental 

disorders in Hanoi [28] 
Analyzed group Single days 3-day waves 7-day waves 

Any mental disorder (F00–F99) 1.04 (0.95–1.13) 1.15* (1.005–1.31) 1.36* (1–1.90) 
Rural population (any diagnosis) N/A 1.26* (1.04–1.52) 1.69* (1.08–2.64) 
Age ≥ 61 years (any diagnosis) N/A 1.31 (0.8–2.15) 3.2* (1.63–6.29) 
Organic, including symptomatic, mental 
disorders (F00–F09) 1.21 (0.95–1.54) 1.37 (0.97–1.95) 3.62* (1.76–7.42) 

Organic amnesic syndrome, delirium and 
other mental disorders due to brain dam-
age (F04–F06) 

1.31 (0.94–1.82) 1.52* (1–2.40) 4.76* (1.74–13.18) 

Mental retardation (F70–F79) 1.14 (0.83–1.55) 1.68* (1.08–2.62) 2.3 (0.8–6.88) 

Note: *p < 0.05. 
 
A relative increase in the effect size per 

1 °С was selected as a quantitative measure in 
meta-analysis of studies of high ambient tem-
peratures. Therefore, when analyzing the studies 
reporting a relative risk between the two percen-
tiles of temperature distribution, it was necessary 
to know the absolute temperature range in °С, 
for which this relative risk was established, and 
to calculate the natural logarithm ln(RR), assum-
ing there was a log-linear relationship between a 
risk and temperature within the given range [29]. 
Regarding high temperatures, the meta-analysis 
of 15 studies investigating mortality for all men-
tal disorders established a pooled growth in the 
effect by 2.2 % for each 1 °C increase in tem-
perature, RR of 1.022 (95 % CI: 1.015–1.029); 
the effect was approximately 1.5 times stronger 
among people older than 65 years compared to 
those younger than 65 years. Accordingly, rela-
tive risks of mortality for each 1 °С increase 
were RR (≥ 65) = 1.025 (95 % CI: 1.015–1.035) 
and RR (< 65) = 1.017 (95 % CI: 1.005–1.028). 
As for specific causes, the greatest mortality risk 
was attributed to substance-related mental disor-
ders (RR = 1.046; 95 % CI: 0.991–1.101), fol-
lowed by organic mental disorders (RR = 1.033; 
95 % CI: 1.020–1.046). 

The meta-analysis of 21 studies with their 
focus on morbidity (hospital admissions or 
emergency department visits for any mental 
disorder) estimated a pooled effect as a 0.9 % 
increase for each 1 °С increase in temperature, 
RR = 1.009 (95 % CI: 1.007–1.015). The au-
thors reported a very narrow confidence inter-
val for this estimate (p < 0.001) unlike to the 

typical results reported in individual local stud-
ies, which were covered by the review. An ad-
vantage of meta-analysis is an increase in statis-
tical significance of pooled effect estimates 
since the more precise is individual risk esti-
mate, the higher relative weight it gains in cal-
culation of the pooled effect estimate. A rela-
tive increase in morbidity per 1 °С was twice as 
high for the elderly people relative to the mid-
dle-aged ones: respectively, RR (≥ 65) = 1.010 
(95 % CI: 1.005–1.015), and RR (< 65) = 1.005 
(95 % CI: 1.003–1.006). Therefore, elderly 
people are considered the most susceptible 
population group in this study. When examin-
ing specific mental diagnoses, the authors 
found the greatest effects on morbidity per each 
1 °С increase in temperature for mood disor-
ders, RR = 1.011 (95 % CI: 1.003–1.018); or-
ganic mental disorders, RR = 1.008 (95 % CI: 
1.001–1.015); schizophrenia, RR = 1.007 (95 % 
CI: 1.002–1.011); neurotic and anxiety disor-
ders, RR = 1.007 (95 % CI: 1.001–1.013). 

Large number of local studies that esti-
mated the effects of high ambient temperatures 
on mental health allowed the authors of the 
review [18] to analyze such effect modifiers as 
climate and income per capita. Five climatic 
zones were included in the study (following 
the Koppen – Geiger climate classification); 
among them, the highest risks of high ambient 
temperatures were established in tropical and 
subtropical climate; the lowest, in continental 
climate. Just as expected, countries with higher 
incomes per capita on average had lower risks 
than middle-income countries.  
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The authors of the review [18] also made an 
effort to adjust the obtained pooled risk estimates 
allowing for publication bias, when only selected 
results or the highest risks are reported. Special 
methods are available for such adjustment in-
cluding funnel plots or trim-and-fill technique. 
The adjusted effect estimates turned out to be 
slightly lower but still significant. Thus, an ad-
justed effect on mortality for each 1 °С increase 
in temperature was RR = 1.014 (95 % CI:  
1.011–1.017); and the effect on morbidity was 
RR = 1.007 (95 % CI: 1.004–1.010). 

Meta-analysis of results reported in the stud-
ies of heat waves is possible only for those studies 
where authors use similar definitions of heat 
waves when selecting a temperature measure (av-
erage daily or maximum temperatures), threshold 
temperature percentiles and wave duration. 
Therefore, only those studies were included in the 
meta-analysis, which used average daily tempera-
tures as the exposure metric, a heat threshold 
temperature was selected at the 95th percentile, 
and all heat waves longer than 3 days were con-
sidered. The analysis of nine such studies with 
their focus on morbidity found a relatively low 
total risk during heat waves, RR = 1.064 (95 % 
CI: 1.006–1.123). Only five studies were included 
in the meta-analysis of effects produced by heat 
waves on mortality; however, the pooled risk 
turned out to be statistically insignificant and the 
authors did not report it.  

High ambient temperatures and work-
ers’ mental state. The WHO pays special at-
tention to workers’ mental health at the work-
place. As estimated by this organization, 15 % 
of working age population has mental disor-
ders and this leads to a tremendous loss of 
12 billion workdays every year; this corre-
sponds to annual economic loss of 1 trillion 
USD3. Several reports on this topic have been 
published in Russian by the WHO and its Re-
gional Office for Europe; they cover preven-
tion of mental diseases, guidelines on mental 
health protection at workplace4 and other rele-
vant topics. Risks for mental health increase in 

heating microclimate, both at a workplace and 
at home. A study of effects produced by heat 
on mental health in Jinan, China [26] estab-
lished a considerable rise in odds ratio of hos-
pital admissions for mental disorders for out-
door workers relative to those who worked in-
doors during a heat wave. Some indirect 
evidence of it can be found in another study 
conducted in Peru [30]. On average, each addi-
tional outdoor work hour per day (under ap-
proximately 28 °С) increased the mean num-
ber of mental disorder symptoms by 13 % 
(95 % CI: 1–25 %). Resting in a shaded place 
during a break decreased frequency of these 
symptoms by 27 % (95 % CI: 0–47 %). There-
fore, it is extremely important to have optimal 
work and rest regimes in hot weather in Russia 
just like in many southern countries. 

A survey was conducted in a large cohort 
of Thai workers (more than 40 thousand peo-
ple). It revealed a significant relationship be-
tween workers who often suffer from heat 
stress at workplace and those who complain 
about psychological distress [31]. The respon-
dents gave their own estimates of psychologi-
cal distress by answering three questions con-
cerning anxiety symptoms: ‘in the past 
4 weeks, how often did you feel (1) nervous, 
(2) restless or fidgety, or (3) felt so tired every-
thing was an effort?’ Having summed up the 
answers, the researchers identified those who 
suffered from psychological distress and those 
who did not have any complaints. Logistic re-
gression was used to calculate odds ratio of 
getting psychological distress for workers ex-
posed to heat stress at their workplaces in 
comparison with unexposed ones. Naturally, 
more workers complained of poor mental state 
among those exposed to heat stress. A risk of 
getting psychological distress due to exposure 
to heat stress at workplace grew with workers’ 
age. Very interesting results were obtained for 
such effect modifiers as work in office / physi-
cal work, work in urban area / work in rural 
area (Table 4). The variable ‘office / physical  

__________________________ 
 

3 Mental health at work. WHO, 2024. Available at: https://www.who.int/news-room/fact-sheets/detail/mental-health-at-
work (November 11, 2024). 

4 WHO Guidelines on mental health at work: Executive summary. Geneva, WHO, 2022, 14 p. Available at: 
https://iris.who.int/bitstream/handle/10665/363156/9789240057760-eng.pdf (November 11, 2024). 
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T a b l e  4   
Influence of age, job type and area on the statistical relationship between heat stress at 

workplace and psychological distress [31] 

Age group, type and area of work The number of respondents 
exposed to heat stress, N 

Odds ratio of getting psychological 
distress, OR (95 % CI) 

Age of 15–29 years 3906 1.80** (1.62–2.01) 
Age of 30–44 years 3234 1.86** (1.62–2.14) 

Age ≥ 45 years 336 2.35* (1.42–3.88) 
Bangkok/office 251 2.62** (1.84–3.74) 

Bangkok/physical 58 1.10 (0.36–3.38) 
Urban/office 945 2.04** (1.62–2.56) 

Urban/physical 150 1.41 (0.75–2.65) 
Rural/office 1142 2.35** (1.90–2.90) 

Rural/physical 212 2.49** (1.50–4.11) 

Note: *p < 0.05; **p < 0.01. 
 

work’ differently affected this risk in urban 
and rural areas. Thus, a considerably higher 
risk of getting psychological distress under 
exposure to heat stress was identified for of-
fice workers in urban areas whereas this risk 
was higher for those involved in physical work 
in rural areas. 

The effects of heat on construction workers 
were examined in Texas, USA [32], where 
100 workers took part in a survey. The responses 
revealed that excessive heat affected workers 
mentally (difficulty concentrating, lack of focus, 
irritability, and frequent mood swings). Signifi-
cant increases in frequency of these symptoms 
were established using the non-parametric 
Kruskal – Wallis test for outdoor workers com-
pared to those who worked indoors. 

A similar survey was conducted in Japan 
[33] among 115 construction and 204 traffic 
control workers who also had to work out-
doors in hot weather. The survey revealed that 
construction workers subjectively suffered 
more from heat than traffic control workers. In 
particular, in hot weather, construction work-
ers more frequently suffered from such mental 
symptoms as sleep disorders, overall fatigue, 
tiredness, irritability and impatience. 

Sixteen traffic police workers were inter-
viewed in Ahmadabad, India. They had to per-

form their work duties outdoors in summer and 
were exposed to high ambient temperatures 
ranging between 32 and 37 °С [34]. Sixty-nine 
percent of the respondents complained about 
loss of work capacity due to heat exposure; 
56 % complained about loss of coordination; 
38 % reported increased irritability and anxiety. 
Traffic police officers, just like couriers, com-
munal service workers and other outdoor work-
ers, are examples of professional groups with 
high occupational health risks in terms of ef-
fects produced by heat on mental health.  

The WHO Policy Brief on mental disor-
ders under climate change5 postulates that cli-
mate change aggravates many social and envi-
ronmental risk factors for mental health and 
psychosocial problems. This may lead to emo-
tional stress, new developing mental impair-
ments and deterioration of medical condition 
for people who already have such disorders. 
Therefore, considering climate-related health 
risks, special attention should be paid to men-
tal health issues and provision of relevant psy-
chosocial support.  
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5 Corvalan C., Gray B., Villalobos C., Sena A., Hanna F., Campbell-Lendrum D. Mental Health and Climate Change: 
Policy Brief. Geneva, WHO, 2022, 16 p. Available at: https://iris.who.int/bitstream/handle/10665/354104/9789240045125-
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