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Abstract
Background: Despite global warming and the improvement of personal protective equipment against unfavorable climatic 

factors, cold remains an important environmental challenge for humans. The aim of the work was to reveal the peculiarities of the 
dynamics of cardiovascular parameters in humans with short-term, whole-body exposure to cold air, depending on the parameters 
of voluntary attention.

Methods and Results: The study involved 28 healthy male volunteers aged between18 and 21 years, born and living in 
Arkhangelsk. Testing to assess sustained attention parameters using the Toulouse-Pierón Attention Test with the measurement 
of the index of accuracy (C, units) (the ability to voluntary concentration) and processing speed (V, units), had been previously 
performed.  Subsequent stages of the study included recording the studied parameters before (Stage 1), during 10-minute exposure 
to the cold air (Stage 2), and 5 minutes after cold exposure (Stage 3). The registration of indicators in Stages 1 and 3 was carried 
out indoors at an air temperature of +20 °C. The registration of indicators in Stage 2 was carried out in a cold chamber at -20 °C. 
Determining the body temperature in the ear canal (Tear,°C) and on the skin of the dorsum of the right hand (Tskin,°C) was performed 
using a B.Well WF-1000 medical electronic infrared thermometer. Parameters of blood pressure (SBP and DBP) and heart rate 
variability (HRV) were evaluated. 

As a result of cluster analysis, 2 groups were identified: Group 1 (n=14) and Group 2 (n=14). In Group 2, the index V was 
significantly lower than in Group 1 (P=0.02). In Group I, Tskin in Stage 1 was significantly higher than in Group 2 (P=0.03). In 
Stage 2, Tskin decreased in both groups, but lower Tskin values (P=0.001) were recorded in Group 2 than in Group I. In Stage 2, 
there was a statistically significant increase in SBP in Group 2 (P=0.01). In Group 1, initial SDNN and all HRV spectral indices 
were significantly higher than in Group 2. In Stage 2, there was a significant increase in SDNN in both groups. However, in Group 
2, we found a statistically significant increase in VLF in Stage 2 (P=0.01), while in Group I this indicator remained unchanged. In 
Stage 3, HRV parameters in Group 1 recovered to baseline values, while in Group 2, HRV parameters remained elevated relative 
to baseline values.

Conclusion: Individuals with high processing speed and preserved attention span have higher vagal activity and skin 
temperature. When such individuals are exposed to cold, they experience a moderate increase in BP and baroreflex response. 
In persons with a reduced speed of information processing but with sufficient accuracy of attention, there is a more pronounced 
mobilization of regulation resources on the part of the cardiovascular, neurovegetative systems to maintain the core temperature 
of the body.(International Journal of Biomedicine. 2020;10(4):407-411.) 
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Introduction
Despite global warming and the improvement of 

personal protective equipment against unfavorable climatic 

factors, cold remains an important environmental challenge 
for humans. An active study and development of the resource 
potential of the Arctic will be determined by a person’s 
ability to adapt while maintaining his health and high mental 
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performance.(1,2) The impact of cold leads to a decrease in the 
functional reserves of the human body and to a decrease in 
mental performance.(3) During the migration of the population 
to the North and during the long-term adaptation of migrants 
to the conditions of high latitudes, the human cardiovascular 
system is one of the first to react.(4) HRV is formed under the 
control of the central nervous system and is associated with 
human mental health and such cognitive functions as memory 
and voluntary attention. Several studies have shown that 
adolescents living in the North have a lower ability to switch 
attention than  adolescents living in more southern regions. In 
both adults and adolescents living in the North, sensorimotor 
reactions may be slower.(5) The question remains, to what 
extent are the psychophysiological properties of a person 
related to the strategies of adaptive changes in regulatory 
systems when exposed to cold? 

The aim of the work was to reveal the peculiarities of 
the dynamics of cardiovascular parameters in humans with 
short-term, whole-body exposure to cold air, depending on the 
parameters of voluntary attention.

Materials and Methods
The study involved 28 healthy male volunteers aged 

between18 and 21 years, born and living in Arkhangelsk. The 
study was conducted in accordance with ethical principles 
of the WMA Declaration of Helsinki (1964, ed. 2013) and 
approved by the Ethics Committee of FECIAR UrB RAS 
(Protocol №2 of 03.28.2018). Written informed consent was 
obtained from all participants.

Volunteers had no signs of deficiency or excessive body 
weight (BMI of 18.5-25 kg/m2), or fever (axillary temperature 
≤37°C). 

The studies were carried out in the winter (January-
February) in the morning in an office with a comfortable 
temperature regime. The exclusion criteria of the study were 
cardiovascular and neurological diseases, and increased 
sensitivity to cold (including Raynaud’s syndrome). 

Testing to assess sustained attention parameters using 
the Toulouse-Pierón Attention Test with the measurement 
of the index of accuracy (C, units) (the ability to voluntary 
concentration) and processing speed (V, units), had been 
previously performed. Index C was calculated as the ratio of 
correctly processed characters to the total number of characters 
processed; the index V was the number of characters processed 
per minute.(6) 

Subsequent stages of the study included recording 
the studied parameters before (Stage 1), during 10-minute 
exposure to the cold air (Stage 2), and 5 minutes after cold 
exposure (Stage 3). Volunteers dressed in underwear, cotton 
trousers, winter boots and a cotton robe were examined in a 
sitting position at resting-state. The registration of indicators in 
Stages 1 and 3 was carried out indoors at an air temperature of 
+20°C. The registration of indicators in Stage 2 was carried out 
in a cold chamber at -20°C. Determining the body temperature 
in the ear canal (Tear,°C) and on the skin of the dorsum of the 
right hand (Tskin,°C) was performed using a B.Well WF-1000 
medical electronic infrared thermometer (Switzerland) before 

entering the chamber (Stage 1), on the 10th minute of being 
in the chamber (Stage 2) and the 5th minute after leaving the 
chamber (Stage 3). 

BP (SBP and DBP) was determined using an A&D 
medical device (Japan) before entering the chamber, 
immediately after leaving the chamber and in the 5th minute 
after leaving the chamber.

For the possibility of CIG recording under cold room 
conditions, we used a one-lead electrocardiogram channel 
of the Neuron-Spectrum-SM device, placed in a tank with 
thermal insulation. Subsequently, CIGs of the last 5 minutes 
in the cold chamber (Stage 2) and Stages 1 and 3 were 
processed using the Varicard instrument software (Ramena, 
Russia), and the HRV parameters were calculated. The 
following HRV parameters were evaluated: HR – heart rate, 
bpm; SDNN (msec) – the standard deviation of the normal-
to-normal RR intervals; SI (units) –Stress Index, calculated 
by the formula: SI=Amo50/2×VAR×Mo, where Mo (мsec) 
is the cardiointerval value dividing the CIG series in half; 
VAR – variation range between the minimum and maximum 
values   in the CIG series, Amo50,% –amplitude of mode – 
number of R-R intervals; TP (msec2) – Total Power of the 
HRV spectrum, HF (msec2) – High Frequency  Power of 
the HRV spectrum (0.15 to 0.40 Hz); LF (msec2) – Low-
Frequency Power of the HRV spectrum (0.04-0.15 Hz); VLF 
(msec2) – Very Low Frequency power of the HRV spectrum 
(0.0033–0.04 Hz).

Statistical analysis was performed using the statistical 
software «Statistica» (v. 13.0, StatSoft, USA). The normality 
of distribution of continuous variables was tested by Shapiro-
Wilk’s W test. Median (Me) and interquartile range (IQR; 25th 
to 75th percentiles) were calculated. The Mann-Whitney test 
was used to compare differences between two independent 
groups. The Friedman test was used to test for differences 
between 3 dependent samples, followed by post-hoc analysis 
with Wilcoxon signed rank test (P<0.017). A clustering 
analysis using the k-means algorithm was performed.

Results
As a result of cluster analysis, 2 groups were identified: 

Group 1 (n=14) and Group 2 (n=14). In Group 2, the index V 
was significantly lower than in Group 1 (P=0.02) (Table 1).

In Group I, Tskin in Stage 1 was significantly higher than 
in Group 2 (P=0.03) (Table 2). In Stage 2, Tskin decreased in 
both groups, but lower Tskin values (P=0.001) were recorded in 

Table 1.
Parameters of sustained attention in humans before whole-body 
exposure to cold air, Me (P25; P75)

Parameter Group 1 (n=14) Group 2 (n=14) P-value

C, units 0.97 (0.94;0.97) 0.97 (0.96;0.98) 0.190

V, units 58.9 (52.2;65.6) 50.7 (41.9;55.9) 0.020
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young people in Group 2 than in Group I. Tear also decreased 
in both groups and remained decreased in Stage 3, as did Tskin. 
In Stage 2, there was a tendency to increasing SBP in Group 
1 (P=0.02) and a statistically significant increase in SBP in 
Group 2 (P=0.01). In Stage 2, DBP in both groups increased 
significantly (P=0.001). In Stage 3, DBP was similar to 
baseline values. 

In Stage 1, HR in both groups was within the normal 
range, but in Group 2, its value was significantly higher than 
in Group 1. In Stage 3, HR was significantly lower, compared 
to the baseline value in both groups (P<0.001).

In Group 1, initial SDNN and all HRV spectral indices 
were significantly higher than in Group 2. In Stage 2, there 
was a significant increase in SDNN and a decrease in SI in 
both groups. However, in Group 2, we found a statistically 

significant increase in VLF in Stage 2 (P=0.01), while in 
Group I this indicator remained unchanged. In Stage 3, HRV 
parameters in Group 1 recovered to baseline values, while 
in Group 2, HRV parameters remained elevated relative to 
baseline values.

Discussion
Participants in Group 1 with a relatively high speed 

of information processing had a more pronounced baseline 
vagal activity and higher baseline Tskin values than those in 
Group 2. SI values   in Group 2 subjects reflected the trend of 
basic sympathicotonia. 

A number of researchers believe that the activity of 
the divisions of the autonomic nervous system, reflected 

Table 2.

Body temperature and cardiovascular parameters in humans during whole-body exposure to cold air (Ме (P25; P75)

Parameters Group 1 (n=14)

P
Friedman

Group 2 (n=14)

P
FriedmanStage I Stage 2 Stage 3 Stage I Stage 2 Stage 3

1 2 3 1 2 3

Tskin,
0C 34.5 (29.0;35.7)

20.1 (19.1;21.1)
##(1-2)

24.1 (23.9;25.7)
##(1-3) <0.001

27.7 (26.2;33.0)
*

16.9 (19.1;18.9) 
**##(1-2)

22.1 (21.1;24.0) 
##(1-3) <0.001

Tear, 
0C 36.3 (36.1;36.3)

34.1 (33.6;34.8)
 ##(1-2)

35.2 (34.7;35.6)
 ##(1-3) 0.001 36.3 (36.1;36.4)

34.5 (33.6;34.7) 
##(1-2)

35.0 (34.8;35.7)
##(1-3) 0.001

SBP,
mmHg 127 (121;130) 132 (123;136)

123.5 (117;130)
##(2-3) 0.003 121.5 (112;133)

134 (120;140)
##(1-2)

127 (112;132)
##(2-3) 0.006

DBP,
mmHg 82 (80;87)

87 (86;97)
##(1-2)

82 (78;90)
##(2-3) 0.001 82.5 (71;91)

97 (81;104)
##(1-2)

89.5 (78;91)
#(2-3) 0.001

HR, bpm 70.9 (62.3;76.2) 70.2 (64.3;75.4)
65.1 (61.1;68.6) 

##(1-3) <0.001
78.9 (71.4;88.7)

*
76.5 (71.5;80.1)

70.1 (64.6;76.8)
##(1-3) 0.003

SDNN,
msec 72.5 (44.7;84.9)

92.1 (82.8;131.4) 
##(1-2) 76.5 (60.0;106.8) 0.001

41.9 (36.3;49.3)
**

78.5 (55.9;82.2)
 ##(1-2)

66.3 (51.5;106.3) 
##(1-3) <0.001

SI, unit 49.2 (30.5;100.5)
30.9 (17.6;53.6) 

##(1-2) 38.9 (18.2;59.6) <0.001
132.2 (94.6;176.8)

**
46.6 (36.9;85.4) 

##(1-2)

54.7 (25.3;102.6)
##(1-3) <0.001

TP×1000,
msec2 3.77 (2.81;6.15)

7.16 (4.36;13.95) 
##(1-2) 5.68 (3.95;10.13) 0.005

1.78 (1.24;2.31)
**

4.69 (2.94;6.21)
##(1-2)

3.76 (2.63;7.13)
 ##(1-3) <0.001

HF×1000,
msec2 1.02 (0.72;1.69)

2.64 (1.14;3.04) 
##(1-2) 1.12 (0.74;1.62) 0.002

0.43 (0.24;0.58)
**

1.12 (0.83;1.65)
##(1-2)

0.77 (0.49;1.21) 
##(1-3) <0.001

LF×1000,
msec2 1.20 (0.96;1.92)

2.22 (1.38;4.66) 
##(1-2) 1.97 (1.08;3.45) 0.01

0.72 (0.34;0.98)
**

1.52 (0.84;3.20)
##(1-2)

1.13 (0.69;2.99)
##(1-3) 0.004

VLF
×1000,
msec2

0.95 (0.56;1.62) 0.95 (0.66;2.51) 1.16 (0.78;1.53) 0.807
0.30 (0.20;0.40)

**
0.57 (0.32;0.74)

##(1-2)

1.07 (0.51;1.53)
##(1-3) 0.031

*P<0.05, ** P<0.01 - between groups in same stage (Mann-Whitney test); ## P<0.01 - between stages in each group (Wilcoxon test).
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in the parameters of the variability of cardiac activity, is 
associated with the regulation of attention processes.(7) The 
frontal thalamic system, which includes the prefrontal cortex 
and mediodorsal nucleus of the thalamus,(8) is the main 
neural regulatory system for voluntary attention.There is 
also a functional relationship between HRV parameters and 
the activity of the prefrontal cortex,(9) as well as between 
vagus tone and attention control processes.(7) Higher HRV is 
associated with better cognitive functions such as memory 
and attention.(10) G. Park showed that people with lower HRV 
needed more time to solve problems with distractions; at the 
same time, participants with a higher HRV showed a more 
effective control of selective attention.(10,11) A. Hansen et 
al.(12) showed that male sailors with high HRV had a faster 
response to a stimulus, more correct answers, and fewer errors 
than the group with low HRV. It is believed that sympathetic 
influences on HR function are relatively slow (on the order 
of seconds) compared to the effects of the vagus nerve (on 
the order of milliseconds). Thus, in a person with a relative 
deficit in vagal modulation on the HR, the ability to track 
environmental challenges and the reactivity of the nervous 
system is reduced.(7,9)

When exposed to cold, afferent sensory information 
from peripheral skin thermoreceptors is integrated in the 
hypothalamus, subsequently contributing to peripheral 
vasoconstriction, especially in the skin area through the 
activation of adrenergic nerve fibers. Despite an identical 
decline rate Tear in both groups, which is closest to the core 
of the body, it is obvious that individuals with a lower 
concentration of attention (Group 2) experienced a more 
pronounced decrease in Tskin, which reflects a more pronounced 
effect of peripheral vasoconstriction to limit heat transfer and 
maintain core temperature.

The pronounced adrenergic activation in response to 
cold also caused a significant reaction of the stroke volume 
in the great vessels and a pronounced increase in not only 
DBP but also SBP in persons of Group 2. As a response to 
a sharp increase in BP, we observed a decrease in baroreflex 
modulation of HR, and an increase in total HRV and LF band 
of the HRV spectrum in both groups. However, persons with 
a lower speed of voluntary attention had a more pronounced 
response of VLF band of the HRV spectrum to the effect of 
cold, which indicates the activation of the central ergotropic 
mechanisms of regulation;(13) that is, in persons with a lower 
speed of information processing and with a tendency to 
basic sympathicotonia, the response to cooling will be more 
pronounced with the involvement of the central mechanisms of 
the autonomic nervous system regulation of HR. It is assumed 
that this type of reaction is aimed at long-term resistance of the 
body to the damaging effects of cold.

In conclusion, individuals with high processing speed 
and preserved attention span have higher vagal activity and 
skin temperature. When such individuals are exposed to cold, 
they experience a moderate increase in BP and baroreflex 
response. Such an adaptive strategy can be in demand either 
with short-term exposure to cold or in individuals with high 
adaptive capabilities of thermogenesis with a minimal shift in 
hemodynamic parameters.

In persons with a reduced speed of information 
processing but with sufficient accuracy of attention, there is 
a more pronounced mobilization of regulation resources on 
the part of the cardiovascular, neurovegetative systems to 
maintain the core temperature of the body. Such an adaptive 
strategy can be biologically expedient for the human body 
under conditions of long-term exposure to cold, for which 
large energy resources of the body can be involved. However, 
with more pronounced sympathicotonia and persistence of 
high BP after exposure to cold, the risk for cold hypertension 
and tissue damage increases.
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