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Abstract
Background: The problem of maintaining body temperature in people working outdoors in the cold air of the Arctic remains 

relevant. The purpose of this study was to determine the autonomic nervous mechanisms of regulation of heart rate (HR), blood 
pressure (BP) and local immunity on the example of the dynamics of salivary lactoferrin during a decrease in body temperature in 
humans (the core and the skin of hands) during and after a short-term, whole-body exposure to cold air.

Materials and Methods: A total of 15 healthy Russian male volunteers aged between18 and 20 years, born and living in 
Arkhangelsk, were examined in the winter. Research stages: the registration of indicators before exposure to the cold air (Stage 
1), during the 10-minute exposure to the cold air at -20 °C (Stage 2) and after the 10-minute exposure to the cold air (Stage 3). 
The registration of indicators in Stages 1 and 3 was carried out indoors at an air temperature of +20 °C. HR (bpm), the heart rate 
variability (HRV) parameters, systolic and diastolic blood pressure (BPsyst, BPdiast, mm Hg), salivary lactoferrin level (ng/ml) 
by ELISA and the body temperature in the ear canal (Tear, °C) and on the skin of the dorsum of the right hand (Tskin, °C) were 
determined at each stage of the study.

Results: In Stage 2 with significantly decreased Tear and Tskin, compared to the initial indicators in Stage 1, there was a 
significant increase in HRV indices reflecting the overall HRV and vagal effects on the heart rhythm. At the same time, HR was 
significantly decreased, as well as stress index. An increase in the total power (TP) of the HRV spectrum was revealed due to a 
predominant increase in HF  and VLF, and to a lesser degree in LF. Both BPsyst and BPdiast significantly increased. After cooling 
in Stage 3, HR increased, but remained significantly lower than the initial values. The overall HRV according to SDNN and TP 
decreased, reaching baseline values. Concentrations of salivary lactoferrin during cooling in Stage 2 tended to increase, which was 
also maintained in Step 3 after cooling. Correlation analysis in the entire sample (n=15) revealed a positive correlation between 
SDNN and Tear in Stage 2 (rs=0.56, P=0.035). In Stage 2, the change in Tskin was significantly correlated with the salivary 
lactoferrin level (rs=-0.73, P=0.003); this relationship was also found in Stage 3 (rs=-0.65, P=0.015). 

Conclusion: The successful return of body temperature after general cooling occurs under the condition of increasing the 
overall HRV, enhancing vagal influences on the heart rhythm, HF and VLF components of HRV during cooling. An increase in the 
level of salivary lactoferrin, while maintaining vagal reserves of the vegetative regulation of heart rhythm against a decrease in 
skin temperature during general cooling, as well as a decrease in the level of lactoferrin against the background of recovery of body 
temperature after cooling, at least 10 minutes, can be regarded as an adaptive response of the body to exposure to cold temperature 
with minimal risk of cold inflammation. (International Journal of Biomedicine. 2019;9(2):111-116.)  
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Introduction
General cooling of the human body can cause different 

ratios between the activity of the neurophysiological 
mechanisms, sympathetic and parasympathetic regulation 
of heart rhythm and vascular tone,(1-4) and mobilization 
of the immune system in the form of enhanced pro- and 
anti-inflammatory reactions.(5) Against the background of 
general cooling, the core body temperature is maintained 
through increased vasoconstriction in peripheral tissues (skin, 
subcutaneous fat) and an increase in BP. It is believed that 
stable, increased BP in Arctic residents subjected to moderate 
exposure to cold (-10°С) may not lead to aggravation of 
symptoms of arterial hypertension, as this action reduces the 
body’s sympathetic response to exposure to cold.(6) However, 
an excessive redistribution of blood supply, to the detriment 
of blood supply to peripheral tissues, can lead to impaired 
microcirculation, pronounced activation of inflammatory 
reactions up to necrosis of supercooled parts of the body. Thus, 
there is the problem of determining the physiological criteria for 
the balance of autonomic-immune relationships that maintain 
body temperature and the immune response under conditions 
of general cooling. 

Lactoferrin in the biosubstrates of a living organism 
reflects the process of the acute phase of inflammation and 
activation of local nonspecific immunity—in particular, the 
activity of phagocytosis in response to the stress factor—
and also regulates the effect of redistribution of immune 
competent cells during cooling.(7,8) The level of lactoferrin 
in biosubstrates is a marker of stress-induced modulation of 
congenital secretory immune response, the dynamics of which 
determines a person’s susceptibility to infectious diseases 
under stress.(9) The consumption of food enriched with 
lactoferrin contributes to the preservation of the daily rhythm 
of the bioelectric structures of the brain under stress,(10) and 
its prior introduction into the tissues of the body reduces the 
stress-induced effects of cortisol.(8) When exercising on the 
background of high levels of cortisol, the level of lactoferrin 
may increase,(11) decrease(12) or remain stable(13)—which level 
occurs is associated with different stress-reactivity of the 
immune and autonomous nervous systems of the human body. 
Currently, the conditions of the optimal ratio of the parameters 
of the cardiovascular system and immune factors to maintain 
temperature of the corpus and peripheral tissues of the human 
body during experimental exposure to cold air have not been 
determined.

The purpose of this study was to determine the 
autonomic nervous mechanisms of regulation of HR, BP and 
local immunity on the example of the dynamics of salivary 
lactoferrin during a decrease in body temperature in humans 
(the core and the skin of hands) during and after a short-term, 
whole-body exposure to cold air.

Materials and Methods
A total of 15 healthy Russian male volunteers aged 

between18 and 20 years, born and living in Arkhangelsk, were 
examined in the winter. Volunteers had no signs of deficiency 

or excessive body weight (BMI of 18.5-25 kg/m2), or fever 
(axillary temperature ≤37°C) and inflammatory processes of 
the oral cavity. 

The study was conducted in accordance with ethical 
principles of the WMA Declaration of Helsinki (1964, ed. 
2013) and approved by the FCIARctic Ethics Committee. 
Written informed consent was obtained from all participants.

The study stages were conducted in the morning 
between 9.30AM and 12.00AM and included the registration 
of indicators before (1), during (2) and after the 10-minute 
exposure to the cold air (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 10th 
minute after leaving the chamber (Stage 3). The thermometer 
was installed in the ear canal and on the skin of the hand 
perpendicular to the surface of the body.

We calculated additional indicators that demonstrate the 
degree of preservation of body temperature during cooling in 
Stage 2 - Tear% and Tskin%. 

Tear%=Tear(2)/Tear(1)×100%, where Tear (2) is the 
temperature value in the ear canal in Stage 2, Tear (1) is the 
temperature value in the right ear canal in Stage 1.

Tskin%=Tskin(2)/Tskin(1)×100%, where Tskin (2) is 
the temperature value on the skin of the dorsum of the right 
hand in Stage 2, Tskin (1) is the temperature value on the 
skin of the dorsum of the right hand in Stage 1.The high rates 
of Tear% and Tskin% indicated good preservation of body 
temperature when exposed to cold.

The registration of the cardiointervalograms (CIG) was 
performed during 5 minutes before entering the chamber (Stage 
1), 10 minutes in the chamber (Stage 2 ) and 6-10 minutes 
(during 5 minutes)  after leaving the chamber (Stage 3). For 
the possibility of CIG recording under cold room conditions, a 
one-lead electrocardiogram channel of the Neuron-Spectrum-
SM device (Neurosoft, Russia), placed in a tank with thermal 
insulation, was used. Subsequently, CIGs of the last 5 minutes 
in the cold chamber and Stages 1 and 3 were processed using 
the Varicard instrument software (Ramena, Russia), and the 
HRV parameters were calculated.(14)

The following HRV parameters were evaluated: HR – heart 
rate, bpm; RMSSD (ms) – the root mean square differences of 
successive R-R intervals; SDNN (msec) – the standard deviation 
of the normal-to-normal RR intervals; SI (unit) – Stress Index, 
calculated by the formula [SI=Amo50/2×VAR×Mo, where Mo 
(мs) is the cardiointerval value dividing the CIG series in half, 
VAR – variation range between the minimum and maximum 
values ​​in the CIG series, and Amo50,% –amplitude of mode – 
number of R-R intervals]; TP (ms2)  – Total Power, HF (ms2) 
– high frequency  power of HRV (0.15 to 0.40 Hz); LF (ms2) 
– low-frequency power of HRV (0.04-0.155 Hz); VLF (ms2) – 
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very low frequency power of HRV (0.0033–0.04 Hz).
With short CIG recordings (up to 5 min), the SDNN, 

RMSSD, TP indices reflect both the general reactivity 
of the vegetative regulation of the heart rhythm and the 
parasympathetic activity. The HF HRV power spectrum 
or respiratory band coincides with respiration as the 
parasympathetic nervous system operates using signaling 
mechanisms that can change HR in phase with respiration. 
The LF index shows baroreflex activity with the predominant 
participation of the sympathetic centers of vegetative regulation. 
Stress Index is associated with increased sympathetic activity. 
VLF index indicates the activity of humoral regulation of heart 
rhythm, the activity of thermogenesis, endothelial function and 
renin-angiotensin mechanism.(15,16) 

BP (systolic – BPsyst and diastolic – BPdiast) was 
determined using an A&D medical device (Japan) before 
entering the chamber, immediately after leaving the chamber 
and in the 10th minute after leaving the chamber.

The saliva was collected on an empty stomach before 
entering the cold chamber, immediately after leaving the 
chamber and in the 10th minute after leaving the chamber. 
The collected samples of saliva were stored in eppendorfs at 
–20 °C, then immediately before analysis were thawed and 
centrifuged at 3,000 rpm for 15 minutes. Biological material 
was taken from the middle of the eppendorf for further 
analysis, without touching the walls and sediment at the 
bottom of the tube. The level of lactoferrin in saliva (ng/ml) 
was determined by ELISA using One-plate Fully Automated 
ELISA Analyzer (Elisys Uno; Human, Germany) and a 
commercial test kit (Hycult biotechnology b.v.; Netherlands) 
with a 20-fold dilution of samples using solution for dilution 
(Sample Dilution buffer), which is part of the test kit.

Statistical analysis was performed using the statistical 
software «STATISTICA 10». The normality of distribution 
of continuous variables was tested by Shapiro-Wilk’s W 
test. Median (Me), interquartile range (IQR; 25th to 75th 
percentiles), and the 95% confidence interval (95% CI) 
were calculated. Spearman’s rank correlation coefficient (rs) 
was calculated to measure the strength and direction of the 
relationship between two variables. The Friedman Test was 
used to test for differences between 3 dependent samples. 
A probability value of P<0.017 was considered statistically 
significant. 

Results
Table 1 presents the parameters of HRV, blood pressure, 

body temperature and salivary lactoferrin levels on the study 
stages. When exposed to cold in Stage 2, compared to the 
initial indicators in Stage 1, there was a significant increase in 
HRV indices reflecting the overall HRV and vagal effects on 
the heart rhythm: SDNN (P1-2<0.001), RMSSD (P1-2<0.001), 
and TP (P1-2=0.004). At the same time, HR was significantly 
decreased (P1-2<0.001), as well as SI (P1-2=0.004). An 
increase in the TP of the HRV spectrum was revealed due to a 
predominant increase in HF (P1-2<0.001) and VLF (P1-2=0.012), 
and to a lesser degree in LF (P1-2=0.017). Both BPsyst and 
BPdiast significantly increased (P1-2=0.005). The temperature 

of Tear and Tskin decreased significantly with total cooling 
(P1-2<0.001).

After cooling in Stage 3, HR increased (P2-3=0.001), 
but remained significantly lower than the initial values ​​(P1-

3<0.001). The overall HRV according to SDNN and TP 
decreased, reaching baseline values (P2-3<0.001 and P2-3=0.003, 
respectively). Indicators of RMSSD and HF, which characterize 
vagal activity, despite a significant decrease, remained 
elevated relative to baseline values​​ (P1-3=0.010 and P1-3=0.008, 
respectively). Indicators of SI and LF, reflecting sympathetic 
activity, increased (P2-3=0.002 and P2-3=0.009, respectively) 
to the level of baseline values. VLF and BPsyst, despite the 
downward trend, had large intragroup differences; therefore, 
in general, they did not achieve a significant decrease by the 
10th minute after exposure to cold (P2-3=0.069 and P2-3=0.033, 
respectively). BPdiast after exposure to cold significantly 
decreased to baseline values​​ (P2-3<0.001). The temperatures 
Tear and Tskin increased significantly after cooling; however, 
these values ​​remained lower compared to background values ​​
(P1-3<0.001).

Concentrations of  salivary lactoferrin during cooling in 
Stage 2 tended to increase (P>0.05), which was also maintained 
in Step 3 after cooling. An individual analysis of baseline levels 
of lactoferrin revealed that 3 people had a significant excess of 
the value of 75th percentile (1203.6 ng/ml, 1482.6 ng/ml and 
1805.6 ng/ml). In these 3 people during cooling, the dynamics 
of lactoferrin was found to be opposite to that of the whole 
group: a decrease in concentration instead of increasing. With 
the exclusion of these individuals from the sample (n=12), the 
increase in the level of lactoferrin was more pronounced—from 
202.2 (41.8; 693.4) ng/ml ​​to 1038.0 (257.6; 1934.0) ng/ml, 
P=0.026. In Stage 3, the lactoferrin level was almost unchanged 
- 1066.0 (91.2; 1787.2) ng/ml.

Correlation analysis in the entire sample (n=15) revealed 
a positive correlation between SDNN and Tear in Stage 2 
(rs=0.56, P=0.035). RMSSD and SDNN in Stage 2 correlated 
with Tear in Stage 3 (rs=0.57, P=0.035; rs=0.61, P=0.020, 
respectively). The HF, VLF and SI indicators in Stage 2 were 
also in correlation with Tear in Stage 3: rs=0.64 (P=0.014), 
rs=0.62 (P=0.019), and rs=-0, 60 (P=0.023)), respectively.

Significant correlations of HRV indices and Tskin 
during cooling and after it were not revealed. However, Tskin 
dynamics was associated with changes in the level of salivary 
lactoferrin. In Stage 2, the change in Tskin was significantly 
correlated with the salivary lactoferrin level (rs=-0.73, 
P=0.003); this relationship was also found in Stage 3 (rs=-
0.65, P=0.015). An  inverse correlation was found between 
Tskin% and the salivary lactoferrin level in Stage 3 (rs=-0.72, 
P=0.008).

The relationship between salivary lactoferrin levels and 
cardiovascular parameters during cooling was multidirectional. 
Exclusion from the group of 3 people with baseline high levels 
of lactoferrin (more than 75th percentile) allowed us to obtain 
significant correlations between these indicators in a sample 
of 12 people. 

Thus, an increase in BPdiast was associated with an 
increase in lactoferrin level in Stage 2 (rs=0.61, P=0.047). 
The remaining correlations reflected the relationship between 
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the lactoferrin dynamics upon cooling with baseline levels 
of HRV parameters. Thus, the level of lactoferrin in Stage 2 
negatively correlated with the indicators of RMSSD, SDNN, 
and HF in Stage 1: rs=-0.75 (P=0.007), rs=- 0.65 (P=0.031), 
rs=- 0, 64 (P=0.028), respectively.

Discussion
Increased blood pressure, especially BPdiast, is a 

natural reaction of the body in response to vasoconstriction 
in peripheral tissues, wherein the processes of thermogenesis, 

the renin-angiotensin mechanism, and endothelial function 
are activated. This was reflected in our study in an increase 
in the VLF component of HRV.(15,16) The enhancement of the 
HRV VLF component during cooling reflected the adaptive 
response of the body, confirmed by the correlation analysis: 
the higher VLF was during cooling, the stronger trend towards 
the original body temperature values was found 10 minutes 
after leaving the cold chamber. In response to an increase in 
blood pressure, the arterial baroreflex was activated, which 
led to a decrease in HR. An increase in the LF component of 
HRV has traditionally been associated with the activation of 
the baroreflex,(6,15) but in our study there was no significant 
correlation between this part of HRV and body temperature 
indices either during cooling or after it. At the same time, an 
increase in HF components of HRV during cooling is associated 
with an increase in body temperature at the warming stage 
after exposure to cold. This may indicate that the frequency 
range of the arterial baroreflex is consistent with the HF 
component of HRV (0.15-0.40 Hz) during cold exposure, 
which reflects the activation of respiration during hypoxia.(17) 
The results obtained for changes in the cardiovascular system 
with general air cooling are in tune with the results of studying 
a different type of cold exposure in the form of an isolated face 
cooling, when BP rises and HR decreases.(1) However, Hodjes 
et al., with a general human cooling at a temperature of 0°C for 
30 minutes, found an increase in the LF and HF components, 
as well as RMSSD against the background of an increased 
HR.(18) These results show clearly that neurovegetative 
changes in humans depend on the level of temperature and 
the duration of cold  temperature  exposure. The vegetative 
manifestations we observed during general cooling differed 
from changes in HRV during local cooling of the head when 
an increase in sympathetic activity was observed against the 
background of a decrease in total HRV.(19) We observed no 
increase in vagal activity in 3 people with a high baseline 
level of lactoferrin (more than 75th percentile), in which SI 
was either elevated or did not significantly change against the 
background of stable values during the whole observation.  A 
decrease in the sympathetic pressor response and an activation 
of the parasympathetic response to the cold is regarded as 
an adaptive response to cold in both the Aborigines and the 
newcomers of the Arctic.(1) Thus, the successful return of body 
temperature after general cooling occurs under the condition 
of increasing the overall HRV, enhancing vagal influences on 
the heart rhythm, HF and VLF components of HRV during 
cooling.

A moderate increase in the level of lactoferrin as a 
marker of the secretory response in stress-induced activation 
of local immunity is recognized as logical. Thus, Bosch et 
al.(9) revealed an increase in the lactoferrin secretion against 
the background of increased vagal activity, according to HRV 
during stress with low emotionality and against the background 
of increased sympathetic activity during stress with high 
emotionality among volunteers. However, with a pronounced 
sympathoadrenal stress reaction, the level of lactoferrin 
may decrease.(13) In our study, the presence of a significant 
correlation between skin temperature and lactoferrin level 
reflects the importance of transferrin system activation with 

Table 1.

Parameters of HRV, blood pressure, body temperature and salivary 
lactoferrin levels on the study stages  (Ме, IQR [ ])

Variable Stage 1 Stage 2 Stage 3 P-value

HR, 
bpm

74.5
(69.1;79.0)

59.0
(57.0;62.0)

65.4
(62.4;70.2)

P1-2<0.001
P2-3 =0.001
P1-3<0.001

SDNN, 
ms

53.8 
(40.9;68.1)

82.8 
(71.8;131.4)

51.78
(36.5;76.1)

P1-2<0.001
P2-3 <0.001
P1-3=0.070

RMSSD, 
ms

34.39 
(22.79;48.48)

57.95 
(47.99;82.01)

47.23
(28.24;56.43)

P1-2<0.001
P2-3=0.009
P1-3=0.010

Stress Index,
 unit

84.2 
(54.0;177.9)

39.2 
(17.6;56.2)

76.33
(41.76;142.77)

P1-2=0.002
P2-3=0.002
P1-3=0.191

TP, 
×1000, ms2

2.75 
(1.46;3.85)

4.88 
(2.97;13.9)

2.85
(1.80;4.61)

P1-2=0.004
P2-3=0.003
P1-3=0.232

HF, ×1000, 
ms2

0.42
(0.22;0.84)

1.49
(0.85;2.02)

0.76
(0.38;1.23)

P1-2<0.001
P2-3=0.001
P1-3=0.008

LF, 
×1000, ms2

1.11
(0.66;1.79)

1.52
(0.84;4.89)

1.17
(0.67;1.62)

P1-2=0.017
P2-3=0.009
P1-3=0.776

VLF, 
×1000, ms2

0.39
(0.26;0.85)

0.71
(0.43;2.77)

0.64
(0.35;0.80)

P1-2=0.012
P2-3=0.069
P1-3=0.256

BPsyst,
 mm Hg

122.0 
(117.0;130.0)

132.0 
(123.0;138.0)

125.0 
(120;130)

P1-2=0.005
P2-3=0.033
P1-3=0.781

BPdiast, 
mm Hg

83.0 
(81.0;86.0)

92.0 
(85.0;102.0)

89.0 
(78.0;90)

P1-2=0.005
P2-3<0.001
P1-3=0.285

Tear, 0C 36.3 
(36.1;36.4)

34.7 
(33.8;35.4)

35.6 
(35.5;36.1)

P1-2<0.001
P2-3 =0.001
P1-3<0.001

Tskin,0C 33.0 
(27.0;35.7)

19.1 
(17.0;20.8)

23.9 
(22.8;26.7)

P1-2<0.001
P2-3<0.001
P1-3<0.001

Lactoferrin, 
ng/ml

496.0 
(90.0;917.4)

910.7 
(257.6;1867.8)

1081.3 
(148.0;1765.2)

P1-2=0.157
P2-3=0.753
P1-3=0.116
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a moderate baseline as a response to the pro-inflammatory 
effect of cold hypoxia of peripheral tissues. The correlation of 
lactoferrin and BPdiast suggests that the greater BPdiast due 
to cold vasoconstriction, the more pronounced the oxidative 
processes due to cold hypoxia in the tissues. Moreover, if 
the skin temperature fell lower and BPdiast increased, the 
increase in salivary lactoferrin was more pronounced, which 
reflected the intensity of oxidative processes in the tissues, not 
only during cooling, but also in the 10th minute of warming. 
Data of correlation analysis showed that pronounced vagal 
activity in humans before exposure to cold contributes to 
repression of the level of growth of lactoferrin, reflecting the 
activity of local immune responses during exposure to cold. 
Stress-protective effects of lactoferrin administration before 
stress are known, in particular, the severity of inflammation 
decreases with subsequent exposure to stress.(20) However, the 
presence of marginal high basic values of salivary lactoferrin 
may reflect a pronounced activity of oxidative processes 
during the development of inflammation in the tissues, which 
does not allow an adequate vascular and immune response 
to develop with subsequent exposure to cold and to ensure 
the preservation of body temperature. Therefore, the focus of 
vegetative and immune reactions in individuals with a high 
baseline lactoferrin level (more than 75th percentile)in terms 
of adaptation and/or maladaptation at low temperatures needs 
further special study.

Thus, the maintenance of body temperature during 
short-term (10 min) general air cooling at -20 °C is ensured 
by the activation of vagal influences in combination with the 
enhancement of suprasegmental regulatory influences on the 
heart rhythm. An increase in the level of salivary lactoferrin, 
while maintaining vagal reserves of the vegetative regulation 
of heart rhythm against a decrease in skin temperature during 
general cooling, as well as a decrease in the level of lactoferrin 
against the background of recovery of body temperature after 
cooling, at least 10 minutes, can be regarded as an adaptive 
response of the body to exposure to cold temperature with 
minimal risk of cold inflammation. The data obtained reflect 
the need to use health-saving technologies to enhance vagal 
influences on the heart rhythm to restrain the pressor response 
of the sympathetic nervous system, maintain body temperature 
in cold conditions and minimize the cold-dependent 
inflammatory reactions in peripheral tissues.
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