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Abstract 
This research paper presents some data on varieties of car-
diorespiratory indicators in students in the Chechen Republic, 
considering the autumn and spring periods. As a result from 
our study, we have found that with a decrease in the ambient 
air temperature the physical conditions of the female students 
are deteriorated (observed are the increased SAP, HR and the 
Kérdö index values). With an increase of the ambient air tem-
perature, the parameters of vital capacity (VC) of the lungs, 
respiratory rates (RR), the values of the pulmonary functional 
tests by Stange and Genci become higher, and according to 
the adaptation potential data the adaptation capability demon-
strated by the cardiovascular system is elevated.
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Introduction
Health, feeling and the mental performance of stu-

dents depend to a great extent on variations in the am-
bient air temperature comfort in the autumn-winter 
and spring-summer time [9].

In this context, physiological examinations and 
checks of the health state in students become a valu-
able tool, particularly under the conditions of seasonal 
environment periodicity or seasonality [1]. 

It is well known from reference literature that the 
circulatory system and the respiration system in a hu-
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man organism show the highest sensitivity to the sea-
sonal environment variations. Therefore, we have de-
cided to study an impact made by seasonal biorhythms 
on the cardiorespiratory system in our students [3].

The aim of our study has been defined as estab-
lishing of evidence that there is an impact made by an 
ambient temperature factor on some indicators of the 
physiological state in students.

To achieve the defined aim, we have solved the fol-
lowing problems:

1. revealing the seasonality of impact of the am-
bient air temperature on the indicators of the perfor-
mance of the respiration system in an organism;

2. identification of an effect produced by high and 
low ambient air temperatures on the cardiovascular 
system performance;

3. detection of influence of high and low ambient 
air temperatures on the Kérdö index and the adapta-
tion potential;

4. measurements of body temperature under vari-
ous ambient air temperature conditions.

Materials and methods
To achieve the defined goals, we have completed 

our study covering 55 full-time female students in 
study years 2-4 at the Faculty of Biology & Chemis-
try at the Chechen State University within the au-
tumn-winter and spring-summer periods in 2020. 
The female students’ age is recorded to be between 
18 and 21.

The respiratory function tests have been conduct-
ed with the use of spirometry equipment Diamant-C, 
System Set CM-AR-01. The heart performance read-
ings have been taken utilizing automatic tonometer 
Omron MX3 Plus. The temperatures in different body 
skin surface areas like the forehead, the cheek, the back 
of a hand, the skin surface areas between the fingers 
and in the armpit were measured with contact-free 
infra-red thermometering instrument Geratherm GT 
101 Non contact.

The obtained statistics data have been processed 
with the Excel 2016 software.

Results and discussion
Upon testing of the function of the external respira-

tion, we have detected changes in the respiration rates 
available under different ambient air temperature con-
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ditions. It has been found that the respiratory rate in the 
autumn period in the female students is significantly 
6,5% lower than it is the case with this parameter in the 
spring time. The revealed lower respiration rates (RR) 
can be explained by the reduced excursion of the thorax 
and deceleration of the inhalation of cold air due to stim-
ulation of the mechanoreceptors of the lung tissue [11].

According to the data available in the reference 
literature, the Stange test value in healthy individu-
als aged 16-20 years may vary in the range from 16 
to 55 seconds, while the Genci test parameter for this 
cohort may be found between 24 and 30 seconds. Un-
der the influence of lower temperatures of the envi-
ronmental air, detected have been by us a decrease in 
the respiratory function test indicators by 23,3% and 
31,3%, respectively. The reduction in breath holding 
time may be attributed to diminishing of cardiorespi-
ratory capabilities in the examined female students. 

With regard to vital capacity  (VC) of the lungs, 
we have recorded a decrease of this parameter from 
2,79±0,058 l to 2,18±0,079 l that makes up 13,1% (see 
Table 1 herein).

Table 1
Data on external respiration in female students at different am-
bient air temperatures 

Parameter under 
study

Season
Spring Autumn
М±m М±m

RR, br.m./min. 20,68±0,256 19,29±0,245*
Stange test, sec. 40,67±0,4671 27,35±0,691**
Genci test, sec. 25,48±0,378 16,25±0,369**
VC, l 2,79±0,058 2,18±0,079**

*Р> 0,002; **Р> 0,001

These changes may be attributed to the fact that the 
microvasculature of the respiration system is restruc-
tured in the autumn-winter time in order to increase 
its capacity required to take larger blood volumes that 
is combined with some other changes targeted at in-
tensification of the lung tissue gas exchange function. 
As a result, signs of progressing latent respiration in-
sufficiency are observed that is accompanied by a de-
crease in the functional margin of the lungs [7].

In addition to the respiration data, we have ana-
lyzed the data on the performance of the heart and 
blood vessel system.

An increase in the heart rate (HR) values from 
76,47±0,391 beats/min. in the spring period to 

79,20±0,339 beats/min. in the autumn period (that 
makes up 3,5%) (see Figure 1 herein) in the female 
students has been recorded as significant, too.

Figure 1. Dynamics of varieties of indicators of the cardiovascu-
lar system performance in female students at different ambient 
air temperatures 

Many researchers state in their papers that an increase 
in the heart rate values is connected with the activation 
of adaptation capabilities of the circulatory system [12].

Considering the values of systolic and diastolic ar-
terial pressure (the SAP and DAP values), we have not 
revealed any significant variences therein.

With the applicable calculation method, we have 
obtained the data on changes in the Kérdö index val-
ues, in the adaptation potential (AP) parameters and 
the Robinson index (RI) values [4].

We have noted that the Kérdö index in the female 
students has reached in the autumn 11,15±0,810% 
that is evidence for a higher activity of the sympathet-
ic nervous system as against the data delivered in the 
spring time (3,72±0,914 %), which are assessed to be 
in the normal range thereof [2].

The AP scoring has been recorded to be 2,03±0,017 
in the autumn versus 2,07±0,014 recorded in the 
spring time. It should be mentioned that there is a 
slight dominance (2%) of the AP score values in the 
students recorded in the autumn period of time [5].

In our study, we have recorded that the Robinson 
index (RI) reaches 92,75±15,346 arbitrary units (in 
the spring time) and 85,87±13,584 arbitrary units (in 
the autumn period), respectively, that is in conformi-
ty with the averaged level of the somatic health (the 
normal values of RI: in the excellent health state it is 
under 69; in the sound health state it reaches 70-84; 
in the acceptable health state it amounts to 85-94; the 
bad health state is characterized by 95-110, and in the 
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very bad health state it is found at the level of 111 and 
higher) (see Table 2 herein).

Table 2
Test index values of the cardiovascular system performance in 
female students at different ambient temperatures

Test index Season
Spring Autumn
М±m М±m

Kérdö index, % 3,72±0,914 11,15±0,810**
AP, scores 2,03±0,017 2,07±0,014
RI, arb.u. 92,75±15,346 85,87±13,584

*Р> 0,002; **Р> 0,001

The studies conducted by us have demonstrated that 
the adaptation mechanisms of the heart and the blood 
vessels in the female students at low ambient temperatures 
have first signs of their overloading. Similar changes have 
been detected by us in our previous research works [6].

The fact of the changes identified therein may be ex-
plained by an intensification of the mental work loading 
that plays a role of a fatigue booster [8]. Since the ad-
aptation potential is considered as a parameter, which 
reflects an actual health state of an individual, it can be 
concluded that the health state in the examined cohort 
of the female students is within the normal range irre-
spective of season-related ambient air variations [10].

The changes in the temperature values recorded in 
the different body surface areas are as follows: the tem-
perature measured in the skin areas of the forehead, 
the cheek, the back of the hand and between the fin-
gers show its considerable decrease by 18,6%; 23,7%; 
26,2% and 24,6%, respectively. The temperature values 
recorded in the armpit region demonstrate a minor in-
crease of 0,8% due to reflective vasodilatation that is 
interconnected with stress of thermoregulation mech-
anisms in a cold season (see Figure 2 herein).

Upon an analysis of the presented temperature 
data, we can state that in the cold season we observe 
an adaptive resetting of the thermoregulation appara-
tus in a human organism [11].

Conclusions 1. Seasonal low ambient air tempera-
tures make a negative effect on the physiological in-
dicators recorded in the female students. It has been 
detected that the respiration rate values in the female 
students in the autumn period are significantly lower 
than those recorded in the spring time. The revealed 
decreased RR values can be explained by the reduced 
excursion of the thorax and deceleration of exhalation, 
when cold ambient air enters the lungs and stimulates 
the mechanoreceptors in the lung tissue. The reported 
reduction in the breath holding time (the respiratory 
function tests by Stange and Genci) may be attributed 
to diminishing of the cardiorespiratory capabilities. 
The vital capacity of the lungs demonstrates its de-
crease at season-related low ambient air temperatures. 
It can be also interpreted as a particular manifestation 
of the changes in the functional state of the external 
respiration that is typical for the hypoxic state.

2. At season-related low ambient air temperatures, 
we have observed in the female students a rise in their 
heart rate values. The observed changes are connected 
with mobilization of the adaptation response provided 
by the circulatory system that is manifested in an in-
crease in their heart rates and the level of arterial pres-
sure. The parameters of arterial pressure recorded in the 
female students at different ambient air temperatures 
show no any significant variances. Our study has shown 
that both the systolic and diastolic arterial pressure val-
ues in the female students have no substantial variations.

3. We have detected a positive value of the Kérdö 
index (KI) in the female students in the autumn pe-
riod as against those values measured in the spring 
time. So, we have recorded the predominance of the 
activity of the sympathetic nervous system that bears 
witness to the fact that there is stress of the regulatory 
mechanisms in the circulatory system. The adaptation 
potential of the circulatory system qualifies the health 
state, and therefore it may be concluded that the actual 
health state in the examined female students is with-
in the normal range irrespective of the season-related 
ambient air variations. The Robinson index (RI) val-
ues recorded in our study have been assessed to be at 
the average level of the somatic health.

4. In the autumn period, the temperatures mea-
sured in the skin areas of the forehead, the cheek, the 

Figure 2. The dynamics of temperature changes in the body sur-
face areas in female students at different ambient air temperatures
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back of the hand and between the fingers show their 
substantial decrease, while the temperatures recorded 
in the armpit demonstrate their decrease due to the 
reflective vasodilatation effect.
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