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INTRODUCTION
The World Health Organisation (WHO) has identified 
modern climate change as one of the greatest threats to 
human health in the 21st century [1]. The average annual 
temperature in Ukraine and Europe has increased by 
almost 1.5 °C over the past 30 years [2]. Global warming 
poses a great danger to life on planet Earth, and if this 
problem is neglected and the necessary measures are not 
taken, society will face catastrophic consequences [3, 4].

It is known that the negative impact on human 
life and health is caused not by the increase in air 
temperature, but by the resulting increase in the load 
on the cardiovascular system, which causes disorders 
of its activity and functioning of the body as a whole, 
and limits the adaptive potential of the human body 
and thermoregulatory mechanisms [5 - 7].

Scientific studies have shown that people have 
individual sensitivity to various environmental 
factors [8]. The degree of vulnerability to climate 
change is modulated by the age of the individual, the 

environmental conditions in which he or she lives, the 
activity of the cardiovascular system, the presence or 
absence of chronic diseases, mental disorders, and 
access to healthcare [9, 10].

Given the above, it is important to predict heat 
sensitivity to identify people with a higher sensitivity 
to elevated ambient temperatures, i.e. those most 
vulnerable to climate change, and to actively monitor 
their health status, increase their adaptive potential and 
stress resistance [11 - 14].

Today, multivariate regression analysis is one of the 
most common and accurate methods for predicting the 
occurrence of any disease or pathological condition, 
which can be used as secondary prevention and 
facilitate the work of practitioners [15]. In our work, 
we propose to use a similar approach to determine 
the individual response of the human body to thermal 
changes in the environment, as well as to build an 
appropriate mathematical model for prediction. This 
will allow timely identification of individuals with 
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higher heat sensitivity in order to prevent or minimise 
the negative impact of global warming on their bodies.

THE AIM
To create a mathematical model for predicting the level 
of heat sensitivity in healthy young people based on 
multivariate regression analysis.

MATERIALS AND METHODS
To develop a mathematical model for predicting the 
level of heat sensitivity, 150 healthy young people aged 
17-20 years were examined. The study was conducted 
on the basis of the laboratory of psychophysiological 
research certified by the Ministry of Health of Ukraine 
at the Department of Physiology with the basics of 
bioethics and biosafety of the I.Y. Gorbachevsky Ter-
nopil National Medical University of the Ministry of 
Health of Ukraine (Certificate No. 003/18). The study 

was conducted in compliance with bioethical standards 
(Minutes of the meeting of the Bioethics Commission 
of I. Gorbachevsky Ternopil National Medical University 
No. 73 of 03 April 2023). All subjects signed an informed 
consent to the study.

The level of heat sensitivity was determined by the 
following algorithm [16]:
1.	� At the first stage, the subjects were asked to answer 

the questions of the questionnaire «Levels of heat 
sensitivity» (copyright certificate No. 115529 of 
01.11.2022) issued by State Enterprise “Ukrainian In-
tellectual Property Institute” (UIPI) [17]. The number 
of points obtained was used to evaluate the result: 
0-6 - lower heat sensitivity, 7-16 - higher.

2.	 �The next step in the study was a heat test. Before it be-
gan, the temperature in the room was measured using 
an electronic thermometer «Omron Gentle Temp 720 
(MS-720-E)». The subjects’ pulse rate and blood pressure 
were palpated using the auscultatory method using the 
MMP-60 device, after which the hands of both hands 

Table I. Potential factors that may influence the level of heat sensitivity (CHSL1/CHSL2) and their indexation in young healthy people.

№ Names of the CHSL1/CHSL2 heat sensitivity level predictors Symbols in the 
model

1. Question in questionnaire №1. Q1

2. Question in questionnaire №2. Q2

3. Question in questionnaire №3. Q3

4. Question in questionnaire №4. Q4

5. Question in questionnaire №5. Q5

6. Question in questionnaire №6. Q6

7. Question in questionnaire №7. Q7

8. Question in questionnaire №8. Q8

9. The autonomous balance coefficient is the ratio of the power of low-frequency and high-frequency waves 
in the heart rhythm to the heat test. LF\HF1

10. Autonomous balance coefficient - the ratio of low-frequency to high-frequency wave power in the heart 
rhythm after a heat test. LF\HF2

11. The relative value of low-frequency wave power in % in the heart rhythm before the heat test. %LF1

12. The relative value of low-frequency wave power in % in the heart rate after the heat test. %LF2

13. Power of the spectrum of the high-frequency component of variability in % of the total power of 
oscillations before the heat test. %HF1

14. Power of the spectrum of the high-frequency component of variability in % of the total power of 
oscillations after the heat test. %HF2

15. Stress index (mode amplitude/(2 × mode × variation range)) to the heat test, units. SI1

16. Stress index after heat test, unit. SI2

17. Heart rate, beats per minute, before the heat test. HR1

18. Heart rate, beats per minute, after the heat test. HR2

19. Systolic blood pressure, mm Hg, before the heat test. SBP1

20. Systolic blood pressure, mm Hg, after the heat test. SBP2

21. Diastolic blood pressure, mm Hg, before heat test DBP1

22. Diastolic blood pressure, mm Hg, after heat test DBP2



Stepan N. Vadzyuk et al. 

1924

were immersed in a container of warm water (45 °C) 
for 3 minutes. During this, at the 2nd minute, the pulse 
rate and blood pressure were determined. The same 
procedure was repeated after the hands were removed 
from the water and every 2 minutes until the pulse rate 
and blood pressure were restored and the time was 
recorded. According to the results of the heat test, it was 
found that in people with higher heat sensitivity, after 
the test, the pulse rate and blood pressure increased, 
while in people with lower heat sensitivity, the pulse 
rate decreased or did not change.

3.	� All subjects underwent mathematical analysis of the 
heart rhythm using the computer software complex 
«Spectrum+» (Kharkiv, Ukraine). 5-minute segments 
of rhythmograms were recorded. Statistical and 
spectral methods, as well as cardiac intervalography 
according to R.M. Baevsky were used. The results of 
heart rate variability showed that parasympathetic 
influences prevail in individuals with lower heat 
sensitivity, and in subjects with higher heat sensi-
tivity, the activity of the sympathetic division of the 
autonomic nervous system prevails.

To build a mathematical model for predicting the 
level of heat sensitivity, 150 subjects were included 
in the study with different levels of sensitivity to the 
thermal factor: lower (n=94) and higher (n=56). After 
that, we analysed 22 possible probable factors (Table 
I) that may affect the level of heat sensitivity (CHSL). 
In the prognostic model, the higher heat sensitivity 
is designated as CHSL1, and the lower - CHSL2, and, 
accordingly, the dependence of the heat sensitivity 
coefficient (CHSL1/ CHSL2) on the studied factors was 
established.

The statistical processing of the data and the 
construction of a regression model of the level of 
heat sensitivity were carried out using the programs 
«Microsoft Excel 2016» and «Statistica 10.0» (StatSoft. 
Inc.). The model for predicting the value of the 
heat sensitivity coefficient included 11 factors with 
correlation coefficients ranging from 0.3 to 0.7. The 
total initial number of predictors was 22. The factors 
of CHSL1/CHSL2 occurrence with a significance level 
of p>0.05 were excluded from the regression analysis. 
To check the quality of the prognostic model, the 
Neigelkerk criterion (R2) was used, and to assess the 
model’s acceptability, ANOVA was performed.

RESULTS AND DISCUSSION
To assess the significance of the influence of the above 
factors (Table I) on the occurrence of heat sensitivity 
(CHSL1/ CHSL2), a stepwise multivariate regression 
analysis was performed.

At the initial stage, a correlation matrix was constructed, 
which confirms the absence of pairwise correlation 
coefficients greater than 0.7, i.e. multicollinear factors.

Then, to build a regression model, we included 22 
potential triggers of CHSL1/CHSL2. The regression 
coefficients «b» (Beta) were calculated, which show for 
each individual predictor the ratio of influence on the 
degree of CHSL1/ CHSL2 in the subjects (Fig. 1).

Factors Q7, Q8, LF/HF1, LF/HF2, %LF1, SI1, SI2, DBP1, 
SBP2, DBP2, with a significance level of p>0.05, were 
excluded from further analysis. Since the significance 
levels of the remaining 12 risk factors were p<0.05, they 
were included in the mathematical model for predicting 
the occurrence of CHSL1/CHSL2.

After processing the potential 22 factors using 
multivariate regression analysis, the following predictors 
with a p value of 0.05 were included in the mathematical 
prediction model (Q1-6, %LF2, %HF1, %HF2, HR1, 
HR2). It was found that the significance level of SBP1 
was p>0.05, so this factor was also not included in the 
construction of the prognostic model of heat sensitivity 
(CHSL1/CHSL2) (Fig. 2).

Fig. 3 shows the result of obtaining the 11 studied 
factors, which were found to be the most significant for 
predicting the level of heat sensitivity (CHSL1/CHSL2) 
and were used to build a multivariate regression model: 
Q1-6: questions 1-6 of the questionnaire; %LF2 - relative 
value of low-frequency wave power in % in the heart rate 
after the heat test; %HF1 - power of the spectrum of the 
high-frequency component of variability in % of the total 
power of oscillations before the heat test; %HF2 - power 
of the spectrum of the high-frequency component of 
variability in % of the total power of oscillations after 
the heat test; HR1 - heart rate, bpm, before the heat test; 
HR2 - heart rate, bpm, after the heat test (Table I).

Based on the results shown in Fig. 3, we build a 
mathematical model to determine the coefficient of 
occurrence of the heat sensitivity level (CHSL1/CHSL2):

CHSL1/CHSL2=-0,259210*Q1-0,147279*Q2-
0,229916*Q3-0,082847*Q4-0,071384*Q5-0,072407*Q6-
0,002567*(%LF2)-0,008002*(%HF1)+0,008610*(%H-
F2)+0,004509*HR1-0,005476*HR2

To assess the quality of the regression model, it 
was necessary to analyse the residual deviations, in 
particular, to obtain their histogram (Fig. 4). As can be 
seen from the histogram, the residual deviations are 
distributed symmetrically, approaching the curve of 
the normal distribution of residuals, so the statistical 
hypothesis about their distribution in accordance with 
the normal distribution law is not rejected.

In order to further confirm the residual deviations from 
the normal distribution law, a normal-probability graph was 
constructed (Fig. 5). Analysing its data, we note the absence 
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Fig. 1.  The result of obtaining significant factors for predicting the occurrence of CHSL1/CHSL2 in multivariate regression analysis in Statistica 10.0.

Fig. 2.  The result of obtaining significant factors for predicting the occurrence of CHSL1/ CHSL2 in multivariate regression analysis in Statistica 10.0 
without factors Q7, Q8, LF/HF1, LF/HF2, %LF1, SI1, SI2, DBP1, SBP2, DBP2.
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of systematic deviations from the normal probability line. 
This allows us to conclude that the residual deviations are 
distributed according to the normal distribution law.

The next step was to assess the acceptability of the 
model as a whole, for which we performed an ANOVA 
analysis (Fig. 6). Analysing the data obtained, we can 
conclude that the model for predicting the level of 
heat sensitivity (CHSL1/CHSL2) is highly acceptable in 
general using ANOVA analysis, since the significance 
level is p<0.001, and the model itself will work better 
than a simple prediction using average values.

To further evaluate the quality of the mathematical 
model of heat sensitivity level (CHSL1/CHSL2), we 

analysed the coefficient of determination of the 
Neijelkerk (R2), which shows how much of the factors 
are taken into account in the prediction. It is considered 
a universal measure of the relationship between 
one random variable and others. The coefficient of 
determination varies from 0 to 1. The closer its value 
approaches «1», the better the multivariate regression 
model is. In the proposed CHSL1/CHSL2 mathematical 
model, the coefficient of determination is R2=0.9715 
(in Statistica 10.0, R2= .97152866 (Fig. 4)). Thus, in our 
case, 97.15 % of the factors are taken into account in the 
model for predicting the level of heat sensitivity (CHSL1/
CHSL2). The coefficient of determination indicates the 

Fig. 3.  The result of obtaining significant factors for predicting the occurrence of CHSL1/CHSL2 in multivariate regression analysis in Statistica 10.0 
without the SBP1 factor.

Fig. 4.  Histogram of residual deviations of the multi-
variate regression model for predicting the occurrence 
of CHSL1/CHSL2.
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and secondary prevention of cardiovascular diseases 
in the future, reducing morbidity and mortality from 
circulatory system diseases, respectively.

Based on the results obtained, it is possible to use this 
prognostic model to develop a diagnostic system for 
determining the level of heat sensitivity in the future.

In future studies, it is also possible to conduct a ROC 
analysis to determine the sensitivity, specificity and 
accuracy of the proposed mathematical model for 
predicting the level of heat sensitivity (CHSL1/CHSL2).

CONCLUSIONS
1.	� The model of mathematical prediction of heat sen-

sitivity (CHSL1/CHSL2), which we have proposed for 
the first time, takes into account the most significant 
factors that influence the occurrence of higher and 
lower heat sensitivity in healthy young people, so 
its use will allow timely identification of individuals 
susceptible to high ambient temperatures to pre-
vent the development of potential negative effects 
of global warming.

2.	� Based on the results obtained, it is possible to use 
the mathematical prognostic model presented by 
us in the future to develop a diagnostic system for 
determining the level of heat sensitivity.

extent to which the experimental results confirm the 
mathematical model.

Thus, the prognostically significant factors affecting 
the level of heat sensitivity obtained by mathematical 
modelling (Q1-Q6, %LF2, %HF1, %HF2, HR1, HR2) 
confirmed that, first of all, to determine heat sensitivity, 
it is necessary to test according to the questionnaire 
«Levels of heat sensitivity», and then to conduct a heat 
test, In particular, a significant diagnostic criterion here 
is the heart rate before and after heat exposure, and the 
final stage, to confirm higher and lower heat sensitivity, 
is to assess the tone of the autonomic nervous system 
using mathematical analysis of the heart rate, where 
the power of the spectrum of high-frequency and low-
frequency components of variability as a % of the total 
power of oscillations is important.

The model of mathematical prediction of heat 
sensitivity (CHSL1/CHSL2), which we have proposed for 
the first time, takes into account the most significant 
factors that influence the determination of higher 
and lower heat sensitivity, so its use will allow us to 
identify people who are particularly susceptible to high 
ambient temperatures and prevent the development 
of potential negative consequences of this exposure in 
time. This could become one of the stages of primary 

Fig. 5.  Normal probability plot of residual deviations 
of the multivariate regression model for predicting the 
level of heat sensitivity (CHSL1/CHSL2).

Fig. 6.  Analysis of the coefficient of 
determination of the multivariate 
regression model for predicting CHSL1/
CHSL2.
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