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Abstract
Numerous researchers have suggested that climate change affects both the onset and severity of cardiovascular and mental disorders at a population level, but its impact on higher mental functions (HMF) and
autonomic nervous system (ANS) remains relatively unexplored. In order to evaluate the HMF and the
autonomic regulation of the cardiac activity we examined forty-five individuals (18 males и 27 females;
18.7±0.6 year old) in September 2017 and February 2018.
Assessment of ANS was performed by heart rate variability (HRV) measurement, where five-minute
HRV recordings by three-lead electrocardiography (Cardio, Ukraine) were obtained at rest in supine position and during cardiovascular reflex tests (active tilt test and deep breathing test) followed by analyzes of
standard time and frequency domain HRV parameters. HMF were assessed by 4 standard tests: Schulte
tables and Anisimov-Bourdon test to assess the characteristics of voluntary attention; “Wellbeing-ActivityMood” questionnaire and State-Trait Anxiety Inventory for evaluation of psycho-emotional status.
Correlation analyses among autumn and winter registrations revealed significant associations between
parameters of voluntary attention with wind velocity in September and with most of the meteorological
factors in February. Most of the associations with meteorological factors (temperature and pressure) and
anxiety were revealed during observation that coincided with the heat wave event in September 2017.
Identified associations between RRNN, RMSSD, pNN50, LF, VLF and humidity were suggestive for
increased sympathetic activity during both cardiovascular reflex tests and these effects were similar in
September and February. Negative correlation between the temperature and RRNN also indicates an increase
in sympathetic activity as temperature increases during the deep breathing test.
These results suggest a moderate prevalence of the sympathetic regulation of the cardiac activity with
low emotional stability during heat wave exposure that could be considered as a potential risk factor of
cardiovascular morbidity brought about by climate changes.
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Introduction
The growing evidence indicates that there is a
need to improve assessment of the climate change
on health and a new discipline – climate physiology where existing scientific knowledge overlaps
with its practical applications might provide better
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insights. Using a wide range of approaches within
the natural and medical sciences climate scientists
carry out research to understand the fundamentals
of health and environment effects of climate
change to mitigate its negative impacts and to improve human adaptive capacity [Kobysheva N,
Klyueva M, 2016]. Numerous data provided by the
most relevant international and governmental research institutions suggest that climate change is
creating truly unprecedented global health issues,
including not only deterioration of health and consequences for mental health and human well-being
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[Field C et al., 2014a; Trombley J et al., 2017], but
also a significant increase in the mortality rate
[Orru H et al., 2017]. 5.5 million years of disability and approximately 150,000 annual deaths attributed to climate change stress in WHO’s last assessment in 2014 [Hales S et al., 2014]. Now climate change is recognized by the world’s international agencies as a serious health hazard with numerous publications addressing its impact on morbidity rate [Field C et al., 2014a], exacerbation of
different diseases and acute events [Kim K et al.,
2014; Watts N et al., 2017; Vicedo-Cabrera A et
al., 2018]. Sensitivity to weather (meteorosensitivity) can be evaluated in both children and adults
[Grigoryev K, Povazhnaya E, 2018].
The impacts of climate change include warming temperatures leading to hotter days and more
frequent and longer heat waves that did not typically occur in relatively cold regions of the Russian Federation before. The current warming trend
is of particular significance in southern regions
because of exacerbate health effects resulting from
the extreme temperature events [Shartova N et al.,
2018] that makes local populations vulnerable to
climate change despite their adaptation to the climate zone. Numerous climatic anomalies like record temperatures, snowfalls in spring and summer, flooding, storms were observed throughout
the Russian Federation in 2017 [Bardin M et al.,
2018]. Exceptionally high temperature values were
recorded in autumn 2017 in Crimea: daytime temperatures were warmer than average (+17 - +180С)
for September across most of Crimea [The report…, 2018]. Prolonged exposure to extreme heat
can exacerbate preexisting chronic conditions,
such as cardiovascular diseases [De Blois J et al.,
2015; Liu C et al., 2015], while respiratory tract is
more affected by cold [D’Amato G et al., 2014]. In
addition, epidemiologic data on incidence of acute
cardiovascular events like heart attack, stroke and
heart failure provides strong evidence to support
this assertion [De Blois J et al., 2015; Shartova N
et al., 2018]. On the other hand, the cardiovascular
system (CVS) is one of the most important systems
for the body [Senan P, 2012]. It provides an adequate blood circulation to the vital organs for better adaptation to climate variability, including high
temperatures. Subsequently, decompensation occurs if CVS or other vital systems fail to adapt to

Evstafeva E.V. et al.

the changing environmental conditions. Attempts
to restore human adaptive capacity should set the
initial focus on efforts for cardiovascular risk factor reduction beside rationale pharmacological interventions at a later stage. Climate change triggers simultaneous changes in central nervous
(CNS) and autonomic nervous systems (ANS) to
insure appropriate CVS adjustment [Padhy S et al.,
2015; Münzel T et al., 2017]. The central thermoregulatory system receives signals related to
changes in environmental temperature through
thermoreceptors triggering the physiological
changes. But the capacity of the human body to
thermoregulate may be exceeded on a regular basis
and the long term impacts of climate change on a
person’s emotional and psychological state can
lead to significant discomfort, affect higher mental
functions (HMF) and as a result labor productivity
decreases [Rice S, McIver L, 2016]. Researchers
have proposed that climate change affects the habitual behaviors that underlie personality traits
[Clayton S et al., 2015]. Climate change exposes
pre-existing psychological vulnerabilities [Shiue I
et al., 2015]. Some studies suggest that rising temperature might negatively impact mental health
[Padhy S et al., 2015; Hayes K, Poland B, 2018].
Although researchers have suggested that global
warming affect both the onset and severity of cardiovascular and mental disorders at a population
level, but the impact of climate change on higher
mental activities and ANS remains relatively unexplored. The identified research gaps regarding the
health consequences of climate change enables
deeper assessment that can be a starting point for
understanding the opportunities for possible solutions. Thereby the assessment of higher mental activities and cardiac regulation related to climate
change with high temperature exposure will provide an opportunity to evaluate factors that regulate each component of risk.
Material and Methods
Forty-five individuals (18 males and 27 females;
18.7±0.6 year old) with no evidence or history of
chronic disease and not on any medications were
enrolled into the study while undergoing a diagnostic assessment in laboratory of medical and environmental monitoring with risk assessment at Medical
Academy named after S.I. Georgievsky (Simfero-
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pol, Russian Federation). All participants had signed
the informed consent and all procedures conformed
to the Declaration of Helsinki. The study procedures
were approved by the university ethics committee
(protocol No.5, 19 February of 2015).
Monitoring of cardiovascular parameters, ANS
and higher mental activities examination was conducted in September 2017 (7 days) and February
2018 (10 days). All recordings were performed
from 9.00 to 12.00 after getting acquainted with
the rules of procedure.
HMF were assessed by 4 standard tests: Schulte
tables [Rubinstein S, 1999] and Anisimov-Bourdon
test [Raygorodskiy D, 2011] to assess the ability to
concentrate for long periods of time, speed, and
accuracy; “Wellbeing-Activity-Mood” questionnaire for evaluation of psycho-emotional and behavioral status [Doskin V, 1973] and State-Trait
Anxiety Inventory (STAI) Yu. Hanin modification
[Raygorodskiy D, 2011].
The principle of the Anisimov-Bourdon test is
to strike out or underline stimuli very similar in
shape (letters “K” and “P”) within rows of letters
arranged randomly on a sheet of paper. The aim is
to mark without mistakes as many submitted letters as possible in the given time interval (5 minutes). On the basis of performance we evaluated
the performance capacity (PC) of an individual as
equal to letters proceeded altogether within 5 minutes and his/her accuracy using the formula:
m
A= n · 100%
where A – accuracy, n – number of letters to be
marked altogether, m – number of letters underlined
without mistakes in the given time interval.
Schulte tables (grids with randomly distributed
numbers) were used to determine the time (in seconds) that the individuals spend to find all the numbers (from 1 to 25) on a sheet of paper in 5 trials
[Rubinstein S, 1999]. Other measurements included:
work efficiency (WE) = 0.2·(t1 + t2 + t3 + t4 + t5),
where ti - completion time of table i; work warmingup (WU) = t1/WE; psychological stability (PS) = t4/
WE.
Assessment of autonomic regulation of cardiac
activity was performed by heart rate variability
(HRV) measurement, where five-minute HRV recordings by three-lead electrocardiography (“CARDIO US-01”, “Mida”, Ukraine) were obtained at rest
in supine position and during 2 standard cardiovascu-
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lar reflex tests [Ewing D, 1992; Spallone V et al.,
2011]. One of these tests assesses parasympathetic
function: heart rate responses to deep breathing was
measured from a series of successive deep breaths at
a rate of 6 breaths per minute (5 sec inspiration, 1 sec
pause, 5 sec expiration, 1 sec pause) and the other
evaluates sympathetic function: HRV responses in
lying to standing (orthostatic) test. Time-domain
HRV and frequency-domain HRV indexes were
analyzed. Time-domain HRV indexes include the
variation range (dX), the mean of all normal-tonormal (NN) RR intervals (RRNN, ms), the standard deviation of NN intervals (SDNN, ms2), percentage of adjacent RR intervals with a difference
of duration greater 50 ms (PNN50, %), and the
root mean square successive difference of the RR
interval (RMSSD, ms), triangular index (TINN –
triangular interpolation of NN intervals). Frequency-domain HRV indexes include low frequency power (LF, ms2), high frequency power
(HF, ms 2), very low frequency power (VLF, ms 2)
and total power (TP, ms2). Normalized low (LFn)
and high (HFn) frequency powers, and ratio (LF/
HF) were also calculated [Malik M et al., 1996].
Meteorological data for warm and cold seasons
(September and February) were downloaded from the
weather station with online resource (https://rp5.ru).
Meteorological data were reported as 3-hour average measures of the
* T – air temperature, °C;
* Po – local pressure at the station level, mmHg;
* P – pressure brought down to sea level, mmHg;
* Pa – barometric tendency – pressure changes for
the last 3 hours, mmHg;
* U – relative air humidity at 3 m height, %;
* Ff – wind velocity (the 10-min average wind
speed at 10-12 m height right before the observation period, m/s);
* N – total cloudiness at the Simferopol weather station (WMO index 33955), %.
The study utilized following indices:
¾¾Pomin/day – minimum local pressure, mmHg;
¾¾Pomax/day – maximum local pressure, mmHg;
¾¾Pmin/day – minimum pressure brought down to
sea level, mmHg;
¾¾Pmax/day – maximum pressure brought down to
sea level, mmHg;
¾¾Tmin/day – minimum daily temperature, °C;
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¾¾Tmax/day – maximum daily temperature, °C;
¾¾Umin/day – minimum relative air humidity, %;
¾¾Umax/day – maximum relative air humidity, %.
Data are expressed as the mean ± SD, median
(Me), 25 and 75 percentile. According to Kolmogorov-Smirnov and Lilliefors normality test examined variables were not normally distributed.
Differences between the parameters, groups have
been tested with the non-parametric tests (MannWhitney-U, Wilcoxon) and Spearman’s correlation
coefficient was used to measure the relationship of
the variables. Data were considered to be statistically significant at p values of less than 0.05. Statistical analysis was performed using a commercial
software package Statistica 6.0 (StatSoft, 2001).
Results and discussion
Medians of meteorological data during the
monitoring (Fig. 1) in September based on temperature and bioclimatic indices were identified as
heat waves: Tmax/day = 28.6±3.9 0С; Tmin/day =
17.6±1.5 0С; Po=742.63±1.4 mmHg; N = 80±1,3%,
and in February were within normal ranges for the
Crimean peninsular: Tmax/day = 5.5±5.20С; Tmin/day =
=-1.1±2.60С; Po=745.6±6.9 mmHg; N = 100±1.5%.
40.00

Results of HMF weather sensitivity assessment in
different seasons suggest that all the parameters of
voluntary attention, wellbeing, levels of anxiety and
mood in volunteers were within the age norm [Rubinstein S, 1999] with no significant seasonal difference
except for the t3 time in Schulte tables between September and February (34.80 vs 28.88; p=0.01). Both
wellbeing and mood were significantly better in September than in February (both p<0.01) and anxiety
levels were significantly higher in winter (29.0 vs
39.5 p≤0.001, U-test Mann-Whitney).
Correlation analyses among autumn and winter registrations shown in Table 1 revealed significant associations between parameters of voluntary attention with N and Ff in September and
with most of the meteorological factors in February (0.30 ≤ rs ≤ 0.48; 0.05 ≤ p ≤ 0.004).
As shown in table 2, psychoemotional characteristics displayed generally direct relations with
meteorological factors mostly in September.
Most of the associations with meteorological
factors (temperature and pressure) and anxiety
were revealed during observation that coincided
with the heat wave event in September 2017.
HRV assessed with both time and frequency domain approaches demonstrated that all the paramPressure brought down to the sea level (P, mmHg)
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Figure 1. Boxplot of the meteorological data (air temperature – T; pressure brought down to the sea level – P; humidity – U; wind velocity – Ff) in Simferopol in September 2017 and February 2018. The p-value is calculated
using the paired Mann–Whitney test (p < 0,05 was considered significant).
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Table 1
Correlations (rs) between characteristics of voluntary attention and meteorological factors
in September and February (p<0.05)
Meteorological
Registration
factors
Total cloudiness

September

Characteristics of voluntary attention
t1

t2

t4

t5

WU

0.33
p=0.03

PS

WE

0.48
-0.35
p=0.001 p=0.02

Total cloudiness

-0.39
p=0.01

-0.34
p=0.02

-0.3
p=0.05

Wind velocity

0.42
0.46
0.35
p=0.006 p=0.002 p=0.02

0.43
p=0.004

February
Air temperature

0.3
p=0.05

Ро

0.3
p=0.05

Notes: t1-t5 – completion time of Schulte tables in seconds; WE – work efficiency; WU – work
warming-up; PS – psychological stability; Ро – local atmospheric pressure at the station level.

Table 2
Correlations (rs) between psychoemotional characteristics and meteorological factors in
September and February (p<0.05)
Meteorological
factors

Registration

Psychoemotional characteristics
Anxiety

Wellbeing

N

Mood

0.37; p=0.03

Tmax/day

-0.37; p=0.03

Tmin/day

-0.36; p=0.001

P

Activity

0.45; p=0.01

0.44; p=0.01

Po

0.37; p=0.03

0.37; p=0.03

U

0.49; p=0.005

0.37; p=0.03

Ff

0.44; p=0.01

Pmax/day

N
U

September

February

0.33; p=0.04

0.35; p=0.04
-0.48; p=0.04

Notes: N – total cloudiness; Tmax/day – maximum daily temperature; Tmin/day – minimum daily temperature; P – pressure at the sea level; Pmax/day – maximum pressure brought down to sea level;
Ро – local atmospheric pressure at the station level; U – humidity; Ff – wind velocity.

eters were within normal ranges [Malik M et al.,
1996; Bayevskij R et al., 2002; Shlyk N, 2009] both
at rest and during standard cardiovascular reflex
tests [Shields R, 2009; Patel K et al., 2016].
For HRV parameters, only LF showed significant
seasonal differences with its values significantly
higher in September (1307.0±619.59 ms2) than in
February (936.00±441.77 ms2) that may have been
mediated by stress due to heat wave exposure and is
associated with reduced parasympathetic activity.
At rest only in February significant associations
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between meteorological factors and HRV measures
were observed using Spearman correlation (table 3).
Furthermore tables 4 and 5 show that several meteorological factors were significantly associated
with HRV measures during cardiovascular reflex
tests both in autumn and in winter.
The relationships of the dX, RMSSD, pNN50 at
rest and humidity suggest that sympathetic nervous activity was activated with involvement of
higher centers by the increased humidity. This data
is supported by the positive associations between
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Table 3
Correlations (rs) between HRV indexes at rest and meteorological factors in February (p<0.05)
Meteorological
factors
Humidity

HRV indexes
dX

АMо

TI

RMSSD

pNN50

-0.37
(0.03)

0.34
(0.04)

0.35
(0.04)

-0.34
(0.04)

-0.34
(0.04)

Wind velocity

LFn

HFn

LF/HF

-0.39
(0.02)

0.39
(0.02)

-0.38
(0.02)

Note: dx - variation range; AMo - amplitude of mode; TI - tension index; RNSSD the root mean sguare sucessive difference of the RR interval; pNN50% – percentage of adjacent RR intervals with a difference of
duration greater 50 ms; LF – low frequency power; HF – high frequency power; LFn and HFn – normalized low (LFn) and high (HFn) frequency powers.

AMo and tension index (TI) or stress index calculated by the following formula: TI = АMо/2Мо • dX
[Bayevskij R et al., 2002].
Identified associations between HRV indexes
and humidity were suggestive for increased sympathetic activity and involvement of suprasegmental centers into the autonomic regulation during both cardiovascular reflex tests and these effects were similar in September and February. Of
all the studied meteorological parameters humidity was found to be the most influential factor
during deep breathing test.
No effects of temperature using the Spearman
correlation were observed for HRV recordings at
rest and during February registration. Only for
HRV during cardiac reflex tests recorded in September we observed individual significant associations. Negative correlations between the temperature and HRV parameters related to the cardiac
cycle duration (Mo, Me, RRNN) indicate an increase in sympathetic activity as temperature increases during the deep breathing test (Table 4).
Additionally the index of centralization (IC = (HF
+ LF) / VLF) was also calculated to evaluate the
ANS balance beside the assessment of vagosympathetic index (LF / HF). IC characterizes the contribution of central (suprasegmental) mechanisms to
the regulation of cardiac activity [Baevskij R,
2004]. Positive association of air temperature with
IC was established, that along with the above mentioned correlations can be interpreted as an increase in the activity of the central control loop in
this cohort during September, when heat waves
were observed.

Table 4
Correlations (rs) between HRV indexes during
cardiovascular reflex tests and meteorological
factors in September (p<0.05)
HRV
Meteorological
parameters
factors

rs

p-value

Deep breathing test
Мо
Ме

-0.31

0.04

-0.30

0.04

-0.30

0.04

Pa

0.30

0.04

Umin/day

0.30

0.04

Tmax/day

RRNN
Ме
LF/HF

Orthostatic test
VLF
IC
IC
VLF

IC

T

-0.42

0.00

0.46

0.01

T min/day

0.38

0.01

Pa

0.35

0.02

Pomax/day

0.34

0.02

Pmaxday

0.34

0.02

U

-0.49

0.00

Pomax/day

-0.35

0.02

Pmax/day

-0.35

0.02

Umin/day

-0.40

0.01

Note: T – air temperature; T max/day – maximum daily
temperature; T min/day – minimum daily temperature;
Pa – barometric tendency; U – humidity; U min/day –
minimum relative air humidity; Po max/day – maximum
local pressure; Pmax/day – maximum pressure brought
down to sea level; RRNN – the mean of all normal-tonormal (NN) RR intervals; Мо – mode of RRNN; Ме –
median of RRNN; LF – low frequency power; HF –
high frequency power; VLF – very low frequency
power; IC – index of centralization.
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Table 5
Correlations (rs) between HRV indexes during
cardiovascular reflex tests and meteorological
factors in February (p<0.05)
HRV
Meteorological
rs
parameters
factors
Deep breathing test
0.46
Мо
P
0.40
Ме
0.43
P
-0.33
RRNN
U

pNN50

VLF

LFn
HF
HFn
LF/HF

IC

TINN
LFn
HF
HFn
LF/HF

0.01
0.02
0.02
0.04

-0.33
-0.41
0.34
-0.46
-0.38
-0.35

0.04
0.01
0.04
0.00
0.02
0.04

-0.45
-0.37
Pomax/day
-0.33
Pmax/day
0.35
Umin/day
0.44
U
-0.43
Ff
-0.41
U
0.44
Ff
-0.44
U
0.43
Ff
0.43
U
-0.45
Ff
0.35
T
0.36
Tmax/day
-0.35
Umin/day
Orthostatic test
-0.36
Pa
0.43
U
-0.36
Pa
-0.43
U
0.43

0.01
0.02
0.04
0.03
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.04
0.03
0.03

Umin/day
RMSSD

p-value

U
Ff
U
T
Tmin/day
Tmax/day

0.04
0.01
0.04
0.01
0.01

Atmospheric pressure as shown in tables 4 and 5
was also among major important factors based on
the number of correlations revealed. It had opposite effects on HRV during cardiovascular reflex
tests. During orthostatic test negative associations
with HF and TINN indicated decreased HRV as atmospheric pressure increases. Negative correlation
of atmospheric pressure with IC indicates an increased activity of suprasegmental centers of the
autonomic regulation as atmospheric pressure decreases. During the deep breathing test, the associations (Mo, Me, RRNN) were positive, suggesting an increase in parasympathetic activity.
Heart rate variability analysis as a non-invasive
method is used to assess the cardiac autonomic control under physiological and pathological conditions
[Malik M et al., 1996]. Numerous studies reported
that decreased HRV is associated with cardiovascular morbidity [Schuster A et al., 2016; Kubota Y et
al., 2017]. Revealed changes could be explained by
the following mechanisms: reduced ANS tone, insufficient baroreflex responsiveness as a result of
decreased HRV that could be linked to increased air
humidity and temperature. The alterations in cardiac autonomic functions assessed by the HRV
method could be used to identify the individuals at a
greater risk of cardiovascular morbidity and mortality brought about by climate changes.
Conclusion
The findings of this preliminary study indicate
that heat stress can be assessed using heart rate variability and clinical examination of higher mental
functions. Use of cardiovascular reflex tests improves
the heat stress assessment and the identification of
individuals at risk. The results in the examined cohort
confirm the heat stress impact on healthy individuals:
higher air temperature in autumn was associated with
low emotional stability and lower HRV that could be
the potential risk of cardiovascular diseases.

Note: T – air temperature; Tmax/day – maximum daily temperature; Tmin/day – minimum daily temperature; P – pressure
brought down to sea level; Pa – barometric tendency; U – humidity; Umin/day – minimum relative air humidity; Po max/day –
maximum local pressure; Pmax/day – maximum pressure brought down to sea level; Ff – wind velocity; RRNN – the mean of all
normal-to-normal (NN) RR intervals; Мо – mode of RRNN; Ме – median of RRNN; RMSSD – the root mean square successive
difference of the RR interval; pNN50% – percentage of adjacent RR intervals with a difference of duration greater 50 ms; TINN
– triangular interpolation of NN intervals; LF – low frequency power; HF – high frequency power; VLF – very low frequency
power; IC – index of centralization; LFn and HFn – normalized low (LFn) and high (HFn) frequency powers.
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