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IMPACT OF PERSISTENT COLD STRESS ON SPECTRAL CHARACTERISTICS OF EEG ALPHA 
AND THETA RHYTHMS IN MILITARY ACADEMY CADETS 

The study was focused on the features of spectral characteristics of the EEG alpha and theta ranges in the military academy cadets undergoing specific training to 

improve cold resistance (cold exposure training). The study was aimed to assess the impact of the military academy cadets’ incremental exposure to the graduated 

cold stress (cold exposure training) on spectral characteristics of the EEG alpha and theta rhythms. Students of the civil higher educational institution and military 

academy cadets were assessed (58 individuals in total). Cadets underwent a specific program focused on improving cold resistance (cold exposure training). 

Background EEG in the alpha and theta frequency ranges was recorded. Statistical data processing involved nonparametric comparison using the Mann–Whitney 

U test. The results were obtained suggesting that there were significant differences in spectral characteristics of alpha and theta rhythms between the group of 

foreign cadets and the controls. The cold exposure training program was effective in the group of Russian cadets, which had an effect on the cerebral homeostasis 

stability with some degree of instability of neurodynamic processes in the CNS. In foreign cadets, regular cold exposure training resulted in the pronounced 

disintegration of cortical-subcortical and intracortical interactions, as well as in the formation of binary alpha-theta structure of background EEG.
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С. Н. Толстогузов1      , Т. А. Фишер2, Ю. В. Найда1, О. Н. Лепунова1

ВЛИЯНИЕ СИСТЕМАТИЧЕСКОЙ ХОЛОДОВОЙ НАГРУЗКИ НА СПЕКТРАЛЬНЫЕ ХАРАКТЕРИСТИКИ 
ТЕТА- И АЛЬФА-РИТМОВ ЭЭГ КУРСАНТОВ ВОЕННОГО ВУЗА

В настоящем исследовании рассмотрены особенности спектральных характеристик ЭЭГ в альфа- и тета-диапазонах у курсантов военного вуза, 

проходящих специальную подготовку по повышению холодовой устойчивости (закаливание). Целью работы было изучить влияние поэтапного 

воздействия дозированных низкотемпературных нагрузок (закаливания) курсантов военного вуза на спектральные характеристики ЭЭГ в альфа- и 

тета-диапазоне. Исследованы студенты гражданского вуза и курсанты военного вуза (всего 58 человек). Курсанты проходили специальную программу 

повышения холодовой устойчивости (закаливания). Регистрировали фоновую запись ЭЭГ в альфа- и тета-диапазонах. Статистическую обработку 

проводили методами непараметрического сравнения по критерию Манна–Уитни. Получены результаты, свидетельствующие о достоверных отличиях 

группы курсантов-иностранцев от контроля по спектральным показателям альфа- и тета-ритмов. Программа закаливания была эффективна в 

группе курсантов-россиян, что отразилось на стабильности церебрального гомеостаза при некоторой степени неустойчивости нейродинамических 

процессов в ЦНС. У курсантов-иностранцев систематические холодовые тренировки привели к выраженной дезинтеграции корково-подкорковых и 

внутрикортикальных взаимоотношений, а также формированию двухъядерной альфа-тета-структуры фоновой ЭЭГ.
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Estimation of the effects of cold environment on body’s functional 
state in humans and assessment of the body’s regulatory 
system response to cold are the important components of the 
integrated picture of the stress effects of high-latitude climate 
on human health, well-being and performance.

The phenomenon of cold exposure training and 
understanding of physiological mechanisms underlying the 
human body transition from the not adapted to cold state to the 
state of stable cold resistance are the important elements of cold 

stress research. In this regard, it is important to consider the cost 
of adaptation (allostatic load) paid by humans when adjusting 
to the acute or prolonged exposure to low temperatures. The 
studies of thermal homeostasis in both Russian students 
(young men, who were born and permanently reside in the 
climate of West Siberia) and foreign students coming from the 
regions with tropical and subtropical climate are of great interest 
[1, 2]. Today, geographical migration of the youth from the 
countries of Africa, Asia, Middle East aimed at getting primary 
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education in the RF shows an upward trend [3]. However, there 
is almost no description of the types of adaptation (acclimation, 
acclimatization) to sudden temperature changes associated 
with the change in geographical conditions. At the same time, 
there is little research on the body’s functional states and the 
dynamics of morbidity among foreigners, especially those, who 
attend military higher education institutions, relative to students 
living in the RF.

Bioelectric activity of the brain recorded by EEG is a 
sensitive and, which is more important, informative indicator 
of body’s adaptive changes and compensatory processes in 
the central nervous system (CNS) [4–8]. The effects of low 
temperatures on formation of the brain bioelectric activity, 
specific EEG patterns in individuals constantly or from time to 
time exposed to cold are reported in a number of domestic 
[9–11] and foreign studies [10–12]. Thus, the increase in 
total spectral power of alpha and theta waves was observed 
in the EEG patterns of one group of subjects under exposure to 
cold [7]. The other study, in contrast, reported the cold related 
decrease in the alpha rhythm power [10]. The literature provides 
conflicting data on the impact of hypothermia and regular cold 
exposure training on bioelectric activity of the brain, which are 
largely dependent on the aspect of the issue considered (acute 
hypothermia or prolonged exposure, deliberate cold exposure 
training or inevitable impact of cold high-latitude climate, study 
of aboriginal or immigrant community, etc.). Furthermore, the 
issue of the search for EEG markers of successful adjustment 
of humans to cold exposure is still relevant.

The study was aimed to assess the impact of the military 
academy cadets’ incremental exposure to the graduated 
cold stress (cold exposure training) on the EEG spectral 
characteristics in the alpha and theta ranges.

METHODS

The cross-sectional study involved 58 subjects divided into 
three groups. The first group of 18 individuals (hereinafter, 
control group, civil students, CG) consisted of young men 
studying at the University of Tyumen, who were permanent 
residents of the Tyumen region; their average age was 
21.36 ± 1.83 years. The second group of 29 individuals 
(hereinafter, experimental group 1 undergoing cold exposure 
training, military cadets from various regions of the RF, CETG1) 
consisted of military cadets studying at the Proshlyakov 
Tyumen Higher Military Engineer Command School, who were 
permanent residents of the Tyumen region and the regions of 
the Urals or Siberian Federal District of the RF; their average 
age was 20.58 ± 1.29 years. The third group of 11 individuals 
(hereinafter, experimental group 2 undergoing cold exposure 
training, foreign military cadets, CETG2) consisted of military 
cadets studying at the Proshlyakov Tyumen Higher Military 
Engineer Command School, who were permanent residents of 
the countries with tropical and subtropical climate (Nicaragua, 
Congo, Mozambique, Guinea, Guinea-Bissau, Gabon) and had 
dark skin; their average age was 23.39 ± 1.95 years. 

Inclusion criteria: health status group 1–2; good academic 
performance (learning success as a criterion of primary activity 
efficiency). Exclusion criteria: history of neurological disorder 
and/or exacerbation of any disease within two weeks before 
the study. 

The study was conducted in mid-November. It was 
preceded by the 2.5 month training aimed to improve cold 
resistance in military cadets of both experimental groups in 
accordance with the program of incremental exposure to the 
graduated cold stress aimed at improving the servicemen’s 

adaptive capacity. The program included the entry level 
training aimed to improve cold resistance (regular dousing 
with cold (+5…+8 °С) water outdoors, training was conducted 
2–3 times a week throughout 3 weeks) [13] and the special 
training (immersion in cold (+2…+2.5 °С) water in full combat 
gear, training was conducted 1–2 times a week throughout 
2 months) [14].

The stationary Neuron-Spectrum-4/EPM EEG system 
(Neurosoft; Russia) was used for EEG recording. A total of 16 
active electrodes were placed over two hemispheres following 
the 10–20 system, unipolar configuration with ear references 
was used. Background EEG was recorded in the relaxed 
wakefulness states with the eyes closed in the soundproof 
darkened room. The recording range was 0.5–35 Hz. The 
electrode resistance was < 20 kOhm. The sampling rate of 
500 points was used. The background EEG recording was 
assessed based on the 20 epochs, 10–15 s each, by selecting 
the artifact-free segments. The EEG mathematical analysis was 
performed using the Neuron-Spectrum software for Fourier 
transform in the θ (4.0–8.0 Hz) and α (8.0–14.0 Hz) frequency 
ranges. The total spectral power (µV2), rhythm indices (Hz), 
integrated EEG alpha/theta indices were used to describe the 
functional state of the subject’s brain.

Statistical data processing was performed using the SPSS 
Statistics 23 software package. The data were presented as 
median (Ме), first and third quartiles (Q1–Q3). The distribution 
was tested for normality using the Shapiro–Wilk test. The 
distribution of indicators was non-normal, therefore, comparison 
with controls was performed by nonparametric methods using 
the Mann–Whitney U test for two independent groups.

RESULTS

Visual assessment of the subjects’ EEG recordings allowed us 
to distinguish the major variants of the brain bioelectric activity 
organization in accordance with the classification by E.A. 
Zhirmunskaya [15] (Fig. 1).

In the control group, type I bioelectric activity (66% of 
cases) showing the organized alpha activity structure and the 
pronounced anterior-posterior gradient of the background 
rhythm prevailed. Type II and III EEG patterns were less 
frequent: 28 and 6% of cases, respectively. In the experimental 
groups 1 and 2, which were through cold exposure training, a 
hypersynchronous EEG type showing the evident alpha rhythm 
with no spindle events was the most common (55 and 64%, 
respectively). In 20% of cases, young men in the experimental 
group 1, who underwent cold exposure training, also showed 
a type III asynchronous EEG pattern with the sharp decrease in 
alpha rhythm and substitution of alpha rhythm with oscillations 
in the theta and beta ranges.

The EEG spectral power analysis in the theta range revealed 
significantly higher values in the right hemispheric leads in 
the experimental group 2 undergoing cold exposure training 
compared to controls (Fig. 2).

Thus, the subjects in CETG2 were significantly superior to 
the CG in theta activity recorded by the following electrodes: 
right anterior frontal Fp

2
 (U = 26; Z = –3.28; p < 0.001), right 

frontal F4 (U = 29; Z = –3.14; p = 0.002), right central С4 (U = 31; 
Z = –3.05; p = 0.002), right anterior temporal F

8
 (U  = 49; 

Z = –2.24; p = 0.024), right temporal T
4
 (U = 10; Z = –4.00; 

p < 0.001), right parietal Р
4
 (U = 24; Z = –3.37; p = 0.001), and 

right occipital О
2
 (U = 45; Z = –2.42; p = 0.015). Young men in 

CETG1, on the contrary, had significantly lower total spectral 
power values in theta range compared to controls based on 
the activity recorded by the following electrodes: left and right 
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Fig. 1. Proportions of various EEG types in the samples of subjects [1]. CG — control group, CETG1 — experimental group 1 undergoing cold exposure training, 
CETG2 — experimental group 2 undergoing cold exposure training
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1
 (U = 119.5; Z = –3.09; p = 0.002), Fp

2
 

(U = 120; Z = –3.07; p = 0.002), left central С
3
 (U = 165; 

Z = –2.10; p = 0.035), right anterior temporal F
8
 (U = 161; 

Z = –2.17; p = 0.029), left and right temporal T
3
 (U = 142; 

Z = –2.60; p = 0.009), T4 (U = 151; Z = –2.39; p = 0.016), left 
and right posterior temporal T

5
 (U = 112; Z = –3.26; p = 0.001), 

T
6
 (U = 173; Z = –1.92; p = 0.050).

In the alpha band, the total spectral power was also higher 
in CETG2, it was significantly superior to that of CG in the 
following leads: right anterior frontal Fp

2
 (U = 23; Z = –3.41; 

p < 0.001), right frontal F
4
 (U = 24; Z = –3.37; p < 0.001), right 

central С
4
 (U = 46; Z = –2.38; p = 0.017), right anterior temporal 

F
8
 (U = 33; Z = –2.96; p = 0.003), left and right temporal T

3

(U = 54; Z = –1.95; p = 0.050), T
4
 (U = 13; Z = –3.86; 

p < 0.001) (Fig. 3). 
The total spectral power in the alpha range of the CETG1 

subjects was significantly lower compared to that of controls 
based on the activity recorded by the following electrodes: left 
temporal T

3
 (U = 170; Z = –1.98; p = 0.042) and left posterior 

temporal T
5
 (U = 171; Z = –1.92; p = 0.050).

The theta index of the experimental group 2 undergoing 
cold exposure training exceeded the values of the control 
group over the almost entire convex surface, except for С3, 
F8 and T5, based on the activity recorded by the following 
electrodes: left and right anterior frontal Fp

1
 (U = 28; Z = –3.19; 

p = 0.001), Fp
2
 (U = 7; Z = –4,13; p < 0,001), left and right 

frontal F
3
 (U = 53; Z = –2.06; p = 0.038), F

4
 (U = 44; Z = –2.47; 

p = 0.013), right central С
4
 (U = 20; Z = –3.55; p < 0.001), 

right anterior temporal F
8
 (U = 39.5; Z = –2.67; p = 0.007), 

left and right temporal T
3
 (U  = 42; Z = –2.56; p = 0.010), 

T
4
 (U = 8; Z = –4.09; p > 0.001), right posterior temporal T

6
 

(U = 26.5; Z = –3.25; p = 0.001), left and right parietal Р
3
 

(U = 3; Z = –4.31; p < 0.001), Р
4
 (U = 0; Z = –4.44; p < 0.001), 

left and right occipital О1 (U = 45; Z = –2.42; p = 0.015), О
2
 

(U = 0; Z = –4.44; p < 0.001) (Table 1). 
The extent of theta oscillations in the experimental group 1 

undergoing cold exposure training was the same as in the 
control group.

The EEG alpha index of the CETG2 subjects exceeded 
that of controls in frontal regions of the brain based on the 

activity recorded by the following electrodes: left and right 
anterior frontal Fp

1
 (U = 50; Z = –2.17; p = 0.029), Fp

2
 (U = 35; 

Z = –2.87; p = 0.004), right anterior temporal F
8
 (U = 41; 

Z = –2.58; p = 0.009). Furthermore, the alpha rhythm index 
of the CETG2 subjects was significantly lower than that of 
controls in the midline and caudal regions based on the signals 
in the following leads: left central С

3
 (U = 51.5; Z = 2.13; 

p = 0.033), left and right parietal Р
3
 (U = 47; Z = 2.33; 

p = 0.019), Р
4
 (U = 13; Z = 3.86; p < 0.001), and right occipital 

О
2
 (U = 45; Z = 2.43; p = 0.015). In general, the alpha index of 

the control group 2 undergoing cold exposure training showed 
no frontal–occipital gradient. 

The alpha index of the experimental group 1 undergoing 
cold exposure training had the zonal specifics and increased in 
the direction from frontal to caudal regions, the same as in the 
control group. In the CETG1 subjects, the alpha rhythm index 
values exceeded that of controls only in the left anterior frontal 
Fp

1
 (U = 166; Z = 2.07; p = 0.037) and the right frontal F8 

(U = 162; Z = 2.02; p = 0.042) leads.
Then we calculated the index of the cortical-subcortical 

neurodynamic processes’ stability as an integrated ratio of 
alpha/theta rhythms based on the total spectral power and 
rhythm index (Table 2).

The highest values of the CNS functional state stability were 
obtained in the experimental group 1 undergoing cold exposure 
training, while the lowest values that were significantly different 
from that of the control group were reported in young men in the 
experimental group 2, who were through cold exposure training.

DISCUSSION

Despite certain conventionality of the classification reported 
in the number of studies, visual assessment of EEG makes it 
possible to obtain a comprehensive picture of the formation of 
the subjects’ brain bioelectrical activity and the brain functional 
state [16, 17]. 

Our findings showed that type I EEG with the evident background 
brain rhythm, it’s clear zonal gradation by index and power 
modulated into spindles prevailed in the control group consisting of 
civil young men. It can be assumed that the optimal functional 
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Fig. 2. Total spectral power (µV2) in the theta range (4–8 Hz) in 16 major leads. The box margins correspond to quartiles Q25% and Q75%. Lines inside the boxes — 
medians, crosses in the box — average values, upper and lower deviations — maximum and minimum values. * — significance of differences from the control group 
(р < 0.05) based on the Mann–Whitney U test. CG — control group, CETG1 — experimental group 1 undergoing cold exposure training, CETG2 — experimental group 
2 undergoing cold exposure training
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state of the CNS associated with the balanced interaction between 
the activating mesencephalic and synchronizing diencephalic 
brain structures was observed in the majority of the control group 
members. The type II hypersynchronous (monorhythmic) EEG was 
more often found in two experimental groups of military cadets, 
which suggested some strain of adjustment mechanisms, rhythmic 

disorganization, and redistribution of the limbic-diencephalic, 
thalamocortical and intracortical interactions in the subjects’ 
brain. The increase in the share of individuals with monorhythmic 
EEG in our experimental samples and the fact of detecting type III 
asynchronous (flat) EEG pattern in CETG1 could result from the 
cadets’ (both Russian and foreign) body incomplete adaptation 
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Fig. 3. Total spectral power (µV2) in the alpha range (8–14 Hz) in 16 major leads. The box margins correspond to quartiles Q25% and Q75%. Lines inside the boxes — 
medians, crosses in the box — average values, upper and lower deviations — maximum and minimum values. * — significance of differences from the control group 
(р < 0.05) based on the Mann–Whitney U test. CG — control group, CETG1 — experimental group 1 undergoing cold exposure training, CETG2 — experimental group 2 
undergoing cold exposure training
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to the regular cold exposure training conducted as part of the 
special training program.

The researchers have noted that the CNS plays a key 
role in the process of cold adaptation and cold exposure 
training, which is reflected in the brain biorhythm pattern 
[1]. The other paper also reports that specific EEG patterns 
that are considered as adaptive can develop in humans due 

to prolonged cold exposure (as well as due to acute cold 
exposure) [7]. 

A number of studies demonstrate high sensitivity of the 
EEG spectral power in theta and alpha ranges to the stress 
exposures experienced by the body, which are essentially the 
markers of successful adaptive responses to various adverse 
environmental factors [18–20].
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Table 1. EEG theta and alpha rhythm indices (%) in major leads. Median (quartiles Q25%; Q75%)

Note: * — significance of differences from the control group (р < 0.05) based on the Mann–Whitney U test. CG — control group, CETG1 — experimental group 1 
undergoing cold exposure training, CETG2 — experimental group 2 undergoing cold exposure training.

Electrode Rhythm index, %
CG, 

n = 18
CETG1, 
n = 29

CETG2, 
n = 11

Fp
1

θ (4.0–8.0 Hz) 11.35 (7.95; 12.50) 12.70 (10.40; 17.80) 18.60 (14.95; 23.65)*

α (8.0–14.0 Hz) 10.10 (7.17; 18.52) 17.73 (11.20; 24.00)* 25.80 (14.95; 33.33)*

Fp
2

θ (4.0–8.0 Hz) 9.80 (7.20; 13.57) 11.30 (9.10; 16.90) 23.10 (21.80; 23.80)*

α (8.0–14.0 Hz) 8.90 (7.62; 18.65) 17.60 (9.90; 26.00) 27.20 (25.15; 27.50)*

F
3

θ (4.0–8.0 Hz) 16.05 (15.12; 20.67) 19.10 (14.80; 23.50) 21.10 (16.40; 25.05)*

α (8.0–14.0 Hz) 23.50 (17.72; 28.70) 26.40 (16.00; 35.10) 26.50 (21.05; 35.05)

F
4

θ (4.0–8.0 Hz) 15.10 (13.10; 21.17) 17.60 (15.40; 22.80) 23.20 (22.60; 23.50)*

α (8.0–14.0 Hz) 22.95 (18.37; 26.70) 28.00 (16.80; 35.50) 26.70 (24.75; 29.05)

F
7

θ (4.0–8.0 Hz) 15.05 (12.30; 17.97) 15.40 (12.20; 20.20) 17.90 (14.55; 23.45)

α (8.0–14.0 Hz) 19.85 (14.65; 27.65) 22.90 (14.50; 28.30) 26.60 (15.90; 31.95)

F
8

θ (4.0–8.0 Hz) 12.20 (9.27; 17.77) 15.00 (9.90; 20.60) 23.70 (18.95; 24.20)*

α (8.0–14.0 Hz) 16.45 (10.57; 22.72) 21.60 (17.40; 31.80) 27.90 (26.05; 28.90)*

Т
3

θ (4.0–8.0 Hz) 13.90 (12.12; 15.92) 14.60 (11.11; 17.90) 24.20 (13.95; 25.00)*

α (8.0–14.0 Hz) 30.75 (22.97; 43.37) 30.20 (20.00; 38.70) 28.20 (27.50; 30.80)

Т
4

θ (4.0–8.0 Hz) 12.85 (10.27; 16.72) 13.40 (10.10;16.80) 23.70 (23.45; 29.50)*

α (8.0–14.0 Hz) 26.35 (20.97; 37.45) 28.90 (18.90; 43.00) 26.80 (18.85; 27.55)

С
3

θ (4.0–8.0 Hz) 14.80 (13.15; 17.45) 15.30 (11.60; 18.10) 18.30 (13.55; 21.35)

α (8.0–14.0 Hz) 37.40 (26.22; 48.75) 45.00 (31.10; 47.80) 27.20 (14.50; 33.45)*

С
4

θ (4.0–8.0 Hz) 14.45 (12.12; 16.67) 13.60 (10.80; 17.70) 23.00 (22.25; 24.20)*

α (8.0–14.0 Hz) 37.95 (23.92; 50.72) 40.90 (31.30; 50.20) 29.00 (26.90; 31.60)

Т
5

θ (4.0–8.0 Hz) 11.95 (10.32; 14.90) 11.80 (9.60; 15.60) 13.00 (11.00; 20.25)

α (8.0–14.0 Hz) 39.70 (29.45; 48.55) 37.60 (25.60; 45.20) 29.20 (22.25; 37.00)

Т
6

θ (4.0–8.0 Hz) 10.90 (8.95; 12.90) 11.10 (8.30; 17.10) 21.00 (14.45; 23.85)*

α (8.0–14.0 Hz) 35.25 (22.92; 50.65) 41.30 (27.50; 54.30) 30.20 (22.55; 31.45)

Р
3

θ (4.0–8.0 Hz) 8.65 (7.57; 12.00) 10.10 (7.90; 13.20) 23.40 (21.50; 27.00)*

α (8.0–14.0 Hz) 55.90 (30.62; 67.15) 54.30 (41.40; 64.80) 29.00 (18.40; 35.95)*

Р
4

θ (4.0–8.0 Hz) 9.60 (8.12; 11.47) 10.80 (7.50; 13.70) 33.50 (23.85; 34.75)*

α (8.0–14.0 Hz) 54.95 (42.15; 63.05) 49.30 (40.50; 68.10) 21.30 (18.35; 27.35)*

О
1

θ (4.0–8.0 Hz) 7.45 (6.45; 10.72) 9.30 (7.00; 12.90) 16.10 (10.95; 18.80)*

α (8.0–14.0 Hz) 57.30 (41.47; 66.77) 53.90 (40.50; 66.80) 30.10 (24.45; 45.85)

О
2

θ (4.0–8.0 Hz) 9.15 (7.37; 11.22) 9.90 (6.70; 13.50) 19.30 (16.60; 22.75)*

α (8.0–14.0 Hz) 48.45 (32.57; 63.42) 45.10 (38.70; 64.60) 31.80 (24.20; 38.55)*

Table 2. Integrated EEG indices (alpha/theta) averaged over all leads. Median (quartiles Q25%; Q75%)

Note: р — significance of differences from the control group based on the Mann–Whitney U test. CG — control group, CETG1 — experimental group 1 undergoing 
cold exposure training, CETG2 — experimental group 2 undergoing cold exposure training.

Groups of subjects Total spectral power (µV2) Rhythm index (%)

CG 1.85 (1.41; 2.63) 2.71 (1.88; 3.23)

CETG1 2.41 (1.19; 3.14) 2.56 (1.38; 3.87)

CETG2
1.14 (1.05; 1.73) 

р < 0.047
1.13 (1.07; 1.55) 

р < 0.001

In our study, foreign military cadets demonstrated 
significantly higher total spectral power in the theta and alpha 
bands in the right hemisphere compared to controls, which 
could be indicative of the increased autonomic nervous system 
sympathetic division activation. It is well known that the right 
hemisphere modulates the sympathetic tone [7], while the 
autonomic nervous system integrates the functions of internal 
organs via activation of autonomic centers in the brain [21]. At 
the same time, the increase in the theta rhythm total power 

reflects the decrease in the cortical centers’ inhibitory control 
over the brainstem and subcortical structures [22], and 
communication between the autonomic nervous system and 
the overlying nervous centers plays a vital role in developing an 
adaptive response to cold exposure during the cold exposure 
training [23].

The alpha rhythm abundance (index) and frontal asymmetry 
represent an important indicator of stress exposure [24]. In 
our study, alpha rhythm showed significant asymmetry of the 
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total spectral power and rhythm index values in the right frontal 
and anterior temporal leads in the group of foreign military 
cadets (CETG2). It is believed that the emergence of the alpha 
oscillation frontal asymmetry pattern with increasing bioelectric 
activity of the right hemisphere is associated with the avoidance 
system responses and the aggressive-defensive behavioral 
stereotypes, while alpha activation of the left hemisphere 
reflects the approach system activity and the orientative-
exploratory behavior [25].

There are some research and theoretical papers that 
consider not the EEG spectral characteristics themselves, but 
their relationships defined as rhythm indices, as biomarkers 
of stress [26, 27]. Interaction of the brain bioelectric activity 
main spectral components can be used as a marker of the 
homeostatic and adaptation mechanisms’ efficiency [28, 29]. 
One of such indices, characterizing the adaptation processes 
and maladaptive disorders, represents the ratio of the alpha/
theta oscillation spectral characteristics. 

In our groups of subjects, a functional “α-core” was formed 
in the samples of civil students and Russian military cadets 
based in the alpha/theta index, while foreign military cadets 
showed signs of the α-core disruption by other EEG spectral 
components, specifically the theta range. Such pattern could be 
indicative of destabilization of the neurodynamic processes in 
the CNS associated with the cerebral homeostasis disturbance 
and incomplete adaptive adjustment of the foreign cadets’ 
bodies under the influence of the extreme cold weather training 
programs. Subdominance of alpha and theta components 
in CETG2 resulted in the formation of binary α-θ structure of 

brain biorhythms typical for maladaptation with the following 
further scenarios: transition to the adjusted and cold resistant 
(weathered) state and formation of α-core on the EEG or transition 
from early-stage maladaptation to persistent disorder [30].

CONCLUSIONS

The combination of EEG spectral characteristics in alpha and 
theta ranges, as well as their interaction during formation of 
the brain background bioelectric activity α-core suggest that 
the special program involving incremental exposure of military 
academy cadets to the graduated thermal stress ensured the 
desired weathering effect in young Russians, which affected 
the cerebral homeostasis stability with some instability of 
neurodynamic processes in the CNS. In foreign military cadets, 
regular cold exposure training resulted in the pronounced 
disintegration of cortical-subcortical and intracortical 
interactions, as well as in the formation of binary α-θ structure 
of background EEG, suggesting incomplete adaptation 
processes and high stress load on the body. We have prepared 
some recommendations based on the findings. First, it is 
reasonable to extend the entry level cold resistance training of 
foreign military cadets from 3 weeks to 3–6 months in order 
to ensure milder adaptation to the graduated short-term cold 
stress (extend the acclimation period). Second, the findings 
should be compared with the EEG data of foreign military 
cadets not engaged in cold exposure training, who are in the 
same situation of adaptation to the climatic and geographical 
conditions of West Siberia, in further studies.
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