
ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, № 6

241
Experimental researches

EXPERIMENTAL RESEARCHES

CHANGES IN THE PATTERN OF SLEEP DISTURBANCES IN HEALTHY SUBJECTS 
UNDER 21-DAY ANTI-ORTHOSTATIC HYPOKINESIA

Kovrov G.V. 1,  
Vlasova A.V. 1, 2,  
Popova O.V. 1,  
Chernikova A.G. 1

1  State Scientific Center 
of the Russian Federation – Institute 
Biomedical Problems, Russian Academy 
of Sciences (Khoroshevskoe Highway 76A, 
Moscow 123007, Russian Federation) 
2  I.M. Sechenov First Moscow State 
Medical University (Sechenov University) 
(Trubetskaya str. 8 build. 2, Moscow 119991, 
Russian Federation)

Corresponding author:  
Alisa V. Vlasova,  
e-mail: vav.vav.va@yandex.ru

Received: 13.06.2023
Accepted: 16.11.2023
Published: 29.12.2023

ABSTRACT

Background.  Antiorthostatic hypokinesia (ANOH) reproduces some of the effects 
of weightlessness on the human body and is used to study adaptation to space flight 
conditions. It is known that ANOH affects nighttime sleep, but there is no information 
in the literature on the sequence of occurrence of sleep disorders in ANOH.
The aim.  To study the dynamics of subjective changes in assessing sleep quality 
under conditions of antiorthostatic hypokinesia.
Materials and methods.  Six healthy male volunteers (age from 26 to  34  years) 
participated in  the  experiment with  21-day ANOH. They were on  a  medical bed 
with a body inclination angle relative to the horizon of –6° for 21 days. To assess 
sleep quality, a structured questionnaire was used that assessed sleep duration, rate 
of falling asleep, night awakenings, the presence of daytime sleepiness, and daytime 
falling asleep.
Results.  Based on the assessment of the dynamics of the sleep efficiency index (SEI), 
three stages of adaptation were identified. At the stage of acute adaptation (the first 
3 days), there is a decrease in SEI from 96.4 to 91.3 (p < 0.01), a statistically significant 
prolongation of falling asleep from 17.6 to 33.6 minutes (p < 0.01), an increase dura-
tion of night awakenings up to 17.4 minutes, increase in daytime sleepiness by 11 %. 
In the next 3 days (the “recovery” stage), there is a statistically significant increase 
in SEI compared to the first stage to 94.7 (p < 0.01), but it remains statistically sig-
nificantly lower than the background values (p < 0.004). The number of complaints 
about daytime sleepiness increases (up to 42 %), evening lights off term shifts later 
by 26 minutes. At the third stage (the remaining nights) there is a relative stabiliza-
tion of the sleep-wake cycle.
Conclusion.  Under conditions of 21-day ANOH, a gradual change in the pattern 
of  sleep disturbances occurs. The  most negative changes in  terms of  subjective 
assessment were noted in the first three days. Then there is an improvement in fall-
ing asleep, a decrease in night awakenings, combined with an increase in daytime 
sleepiness and the formation of a schedule with later lights off.
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РЕЗЮМЕ

Обоснование.  Антиортостатическая гипокинезия (АНОГ) воспроизво-
дит некоторые эффекты воздействия невесомости на организм человека 
и применяется для изучения адаптации к условиям космического полёта. 
Известно, что АНОГ влияет на ночной сон, но в литературе отсутствуют 
сведения о последовательности возникновения нарушений сна при АНОГ.
Цель работы.  Изучение динамики субъективных изменений оценки каче-
ства сна в условиях антиортостатической гипокинезии.
Материалы и методы.  В эксперименте с 21-суточной АНОГ участвовали 
6 здоровых мужчин-добровольцев (возраст от 26 до 34 лет). Они находились 
на медицинской кровати с углом наклона тела относительно горизонта –6° 
в течение 21 суток. Для оценки качества сна был использован структуриро-
ванный опросник, оценивающий продолжительность сна, скорость засыпа-
ния, ночные пробуждения, наличие дневной сонливости, дневных засыпаний.
Результаты.  На основании оценки динамики индекса эффективности 
сна (ИЭС) было выделено 3  этапа адаптации. На этапе острой адапта-
ции (первые 3  суток) происходит снижение ИЭС с  96,4 до  91,3 (p  <  0,01), 
статистически значимое удлинение засыпания с 17,6 до 33,6 мин (p < 0,01), 
увеличение продолжительности ночных пробуждений до 17,4 мин, усиление 
дневной сонливости на 11 %. В следующие 3 суток («восстановительный» 
этап) отмечается статистически значимое увеличение ИЭС по сравнению 
с  1-м этапом до  94,7 (p  <  0,01), но он остаётся статистически значимо 
ниже фоновых значений (p < 0,004). Возрастает количество жалоб на дневную 
сонливость (до 42 %), сроки вечернего отбоя смещаются позже на 26 минут. 
На 3-м этапе (оставшиеся ночи) происходит относительная стабилизация 
цикла «сон – бодрствование».
Заключение.  В условиях 21-суточной АНОГ происходит постепенное изме-
нение паттерна нарушений сна. Наиболее негативные в плане субъективной 
оценки изменения отмечались в первые 3 дня. Затем отмечается улучшение 
засыпания, снижение ночных пробуждений в сочетании с увеличением дневной 
сонливости и формированием режима с более поздним отбоем.

Ключевые слова:  антиортостатическая гипокинезия, сон, космический 
полёт, индекс эффективности сна
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INTRODUCTION

Sleep has a role in supporting psychophysiological ho-
meostasis at the proper level and plays an important role 
in the level of physical and mental performance [1]. Astro-
nauts have reported sleep disturbances during spaceflight, 
which become less with the time spent in space [2].

The effect of spaceflight conditions that affect human 
sleep is also studied in  ground-based modelling experi-
ments. To be specific, head-down bed rest (HDBR) reproduc-
es some of the effects caused by weightlessness on the hu-
man body and has been used to study adaptation to space-
flight conditions [3]. HDBR is an  exposure that disrupts 
nighttime sleep. Staying for a long time with the head tilted 
downward reduces intracranial perfusion and leads to sta-
sis in the jugular vein [4, 5], decreased systolic blood pres-
sure and decreased heart rate [6], and increased intracra-
nial pressure [7]. Body position also has an effect on liquor 
outflow and amyloid elimination activity [8]. It was previ-
ously shown with the use of polysomnography that under 
HDBR conditions there is a lengthening of the latent peri-
ods of stages 1, 2 and 3 of sleep, an increase in the duration 
of nocturnal awakenings and stage 2, as well as a decrease 
in the duration of stage 3 of sleep, the stage with rapid eye 
movements [9]. Studying sleep during the first day of hy-
pokinesia has shown that there is a decrease in the stage 3 
of sleep, the stage of sleep with rapid eye movements, an in-
crease in stage 1, as well as a deterioration in the subjective 
quality of sleep [10, 11]. The other study observed a decrease 
in stage 4 sleep and an increase in the frequency of awak-
enings during experimental bed rest when the head was til
ted downwards by –6° [12, 13].

In a single study, the authors have observed that during 
the first 3 days of HDBR, nocturnal sleep, level of daytime 
vigour and psychophysiological functions were not  im-
paired, although a slight deterioration of attention func-
tion was observed in the morning [13].

In HDBR conditions, along with deterioration of sleep 
quality, daytime symptoms of  circadian rhythm distur-
bance  – the  appearance of  sleepiness, development 
of physical and mental fatigue are also observed [14].

An  absence of  any evidence in  the  literature about 
the  consistency in  the  occurrence of  sleep disturbanc-
es during HDBR determined the  purpose of  our work 
as a study of the dynamics of subjective changes in the as-
sessment of sleep quality under conditions of head-down 
bed rest.

MATERIALS AND METHODS

The study is an open pre-experimental, prospective re-
search. It was undertaken 5 days before HDBR (baseline as-
sessment) and daily under HDBR conditions in the evening 
(for 21 days). Six practically healthy male volunteers aged 
24 to 40 years (mean age – 29.8 ± 4.6 years) with body weight 
75.2 ± 8.8 kg, body length 177.8 ± 5.3 cm, body mass index 
(BMI) 23.8 ± 2.7 kg/m2 were enrolled in the study. All parti
cipants had undergone medical selection by the medical ex-

pert commission of the State Science Center of the Russian 
Federation – Institute of Bio-Medical Problems of the Rus-
sian Academy of Sciences, during which no diseases and pa-
thologies preventing participation in  the  experiment 
were  found. Each participant had signed a  voluntary in-
formed consent to participate in the experiment before be-
ing enrolled in the study. The study programme has been 
approved by the Biomedical Ethics Commission of the State 
Scientific Centre of  the  Russian Federation – Institute 
of Bio-Medical Problems of the Russian Academy of Scienc-
es (SSC RF – IBMP RAS) (Protocol No. 621 dated August 8, 
2022). The inclusion criteria for the study were the conclu-
sion of the medical expert committee and consent to par-
ticipate in the study.

The study was conducted on the basis of the SSC RF – 
IBMP RAS. Volunteers were kept in an anti-orthostatic posi-
tion on a medical bed with a body angle relative to the ho-
rizon of –6°, without exercise and with moderate restriction 
of movement for 21 days.

Environmental factors: according to  the  study cy-
clogram, lights were turned  off after 23:00. Additionally, 
the gadgets remained close to the participants at all times, 
but their use during the night was not monitored.

The  study assessed data from questionnaires con-
ducted 5 days before HDBR and daily under HDBR condi-
tions in the evening (for 21 days). A structured question-
naire (non-validated) was specifically designed to  identi-
fy sleep and wakefulness patterns, where participants an-
swered questions related to sleep quality and sleep-wake 
cycle patterns in the evening. At its core were questions re-
flecting basic characteristics of sleep quality (sleep duration, 
rate of falling asleep, nocturnal awakenings) and wakeful-
ness activity (presence of daytime sleepiness, daytime fall-
ing asleep, circadian distribution of activity). The question-
naire was not  validated. The  questionnaire is presented 
in Figure 1 (non-validated).

From the  questionnaire data obtained, a  sleep effi-
ciency index (SEI) [1] was calculated as the ratio of the time 
from lights off term to final awakening to the same time 
minus the duration of falling asleep and nocturnal awak-
enings. The  rest of  the  answers to  the  questions were 
scored. Responses reflecting worsening sleep and wake-
fulness quality corresponded to an increase in point es-
timates.

Statistical processing was performed using Statis-
tica  10.0 program (StatSoft  Inc., USA). In  this analysis, 
the  rank, quantitative (non-normal distribution) nonpar-
ametric Mann – Whitney test was used to compare unre-
lated groups.

RESULTS

A survey of trial participants revealed that 5 out of 6 heal
thy volunteers were bothered by  long periods of  falling 
asleep and night wakings during the first days of the ex-
periment. Sleep disorders were associated by the partici-
pants with uncomfortable sleeping conditions and chang-
es in the horizontal axis of the body, redistributing body flu-
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ids. In the following days at HDBR, their sleep problems be-
came less of a problem.

Based on questionnaire results during the entire HDBR, 
all volunteers episodically reported difficulty falling asleep, 
nocturnal awakenings, increased daytime sleepiness accom-
panied by daytime sleepiness and drowsiness.

A  study of  sleep patterns based on  a  questionnaire 
we had designed revealed that during the 21-day HDBR pe-
riod, the trial participants established a regime with a sta-
tistically significant later lights off and later morning awak-
ening compared to background studies. The data are sum-
marised in Table 1.

When the  questionnaire has been analysed, 
it was  found that under HDBR conditions, falling asleep 
for more than 30 minutes was observed to occur during 
10  % of  nights; in  24  % of  cases, the  time to  fall asleep 
was between 15 and 30 minutes, and only 66 % of cases, 
the duration of falling asleep remained within the normal 
range (quick guide).

In analysing the number of awakenings within the HDBR 
condition, it was found that 10  % of  the  participants re-
ported nocturnal awakenings lasting more than 30  min-
utes, and 90 % of the participants slept without prolonged 
awakenings.

T A B L E   1

MAIN ANALYZED INDICATORS OF THE “SLEEP – WAKE” QUESTIONNAIRE

Indicators Background data HDBR data p

Lights off (astronomical time) 23:35 00:47 0.001

Morning awakening (astronomical time) 07:25 07:52 0.01

Sleeping time (excluding falling asleep and waking time 
during night awakenings), h 7:08 7:15 0.90

Sleep efficiency index, % 96.43 94.39 0.26

Falling asleep time, h 0:29 0:40 0.37

Representation of drowsiness, % 33 63 0.044

FIG. 1.  
Structured “Sleep – wake” questionnaire (non-validated)

Sleep

Sleep-related questions refer to past sleep.

1. What time did you go to bed?

2. How long did it take you to fall asleep?

Up to 15 minutes

Up to 30 minutes

Up to 1 hour

More than an hour
3. Waking up at night for more than 30 minutes

0 times
1 time
2 times
More than 2 times

4. What time did you finally wake up?

Wakefulness

Wakefulness questions refer to the past day.

1. Have you had any drowsy states or daytime naps?

0 times

1 time

2 or more times

2. Have you had any daytime sleepiness?

Yes

No

3. Your activity during the day was higher

Until 12:00.

12 to 5:00 p.m.

From 5:00 p.m.
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An  assessment of  daytime wakefulness patterns re-
vealed that throughout the  HDBR, participants reported 
increased daytime sleepiness with occasional drowsiness. 
The presence of sleepiness and daytime falling asleep during 
wakefulness was noted in 61 % of cases, and in 8 % of cases 
daytime falling asleep could be more than 2 times per day.

SEI values, time to fall asleep, wakefulness time during 
nocturnal awakenings, and daytime sleepiness were used 
to assess sleep quality. The dynamics of these indicators is 
summarised in Figure 2.

The worst night was the first night of the HDBR stay. 
Compared to background data 5 days before HDBR, sleep 
on the first day was characterised by a decrease in SEI from 
95 to 84 % (p = 0.013), a statistically significant prolonga-
tion of falling asleep from 17.55 to 42.1 min (p = 0.050), 
and an increase in the duration of nocturnal awakenings 
from 4.8 to 34.8 min.

Three stages of adaptive changes in the sleep-wake cy-
cle in a 21-day HDBR condition were revealed based on vis-
ual assessment of SEI dynamics, time to fall asleep, duration 
of nocturnal awakenings, and daytime sleepiness.

Table 2 summarises the mean values of some indicators 
reflecting the quality of sleep and wakefulness for the high-
lighted stages.

Stage  1 – stage of  acute adaptation, where dur-
ing the  first 3  days there is a  decrease in  SEI indices 
from  96.4  to  91.3  % (p  <  0.01), statistically significant 
prolongation of  falling asleep from 17.6 to  33.6  min 
(p  <  0.01), increase in  the  duration of  nocturnal awak-
enings up  to  17.4  min; there is no  increase in  daytime 
sleepiness.

Stage 2 – recovery stage (next 3 days), where SEI sta-
tistically significantly increased compared to  stage  1 
up to 94.7 % (p < 0.01) but remained statistically signif-
icantly less than it was in  the  background (p  <  0.004). 
The number of cases of daytime sleepiness indices increas-
es by 38 %, the evening lights off time becomes even la
ter by 26 min.

Stage 3 – the stage of relative stabilisation of the sleep-
wake cycle (remaining nights). It is observed here the  la
test time of lights off – at 1 a.m. (p < 0.003) – in comparison 
with all stages of  adaptation and background indicators 
(lights off time in the background – 23:36, in stage 1 – 23:54, 
in stage 2 – 00:20); the latest awakening time was at 8 a.m. 
(08:03) (in  the  background – 07:16, in  stage  1 – 07:34, 
in  stage  2 – 07:31), while sleep quality indicators (falling 
asleep time, night awakenings, SEI) and daytime sleepiness 
did not differ compared to background.

FIG. 2.  
Changes in sleep and wakefulness characteristics under 21-day HDBR conditions
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Since the  indicators  are mult i -dimensional , 
a  data standardisation procedure was undertaken 
where  the  sample mean of  the  indicator is assumed 
to be 0 and its standard deviation is assumed to be 1. Dif-
ferences with background values for all selected HDBR 
stages were calculated from standardised data. The re-
sults are summarised in Figure 3. The presented figure 
shows that in the acute period of adaptation the great-
est changes are associated with a decrease in the sleep 
efficiency index, in  stage  2 – with a  shift in  lights  off 
time and an increase in daytime sleepiness, in stage 3 – 
with a shift in lights off time to later.

DISCUSSION

The interest in studying the particularities and timing 
of  adaptation of  somnogenic mechanisms to  existence 
in  extreme conditions is of  definite importance, being 
able to predict the features of sleep in different periods 
of adaptation [2]. The results obtained allowed this study 

to identify successive stages of circadian system adapta-
tion to HDBR conditions. The selected stages and their ti
ming are conditional, as this selection was made on the ba-
sis of visual assessment of some indicators of  the ques-
tionnaire describing the  peculiarities of  the  sleep-wake 
cycle. Statistically significant differences have been re-
vealed between these stages, but it is not  entirely cer-
tain that  the  adaptation time stages that were defined 
are definitive, and  further studies may present the time 
required for habituation to HDBR conditions in a different 
way. There is sufficient variation in SEI indices even during 
the period of acute adaptation (during the first 3 nights). 
Whereas on  the  first, worst night, SEI values are  only 
84 % (normal SEI should be more than 85 %), the follow-
ing two nights the  quality of  sleep begins to  recover – 
the average SEI value is 92 %. For this reason, it is possi-
ble that the acute adaptation phase may comprise only 
a single night and the remaining days may be classified 
as the sub-acute recovery phase.

Assessment of  the  state of  the  sleep-wake cy-
cle at  stage  2 of  adaptation (recovery stage) and analy-

T A B L E   2
STATE OF “SLEEP – WAKE” CYCLE INDICATORS AT DIFFERENT STAGES OF ADAPTATION ACCORDING TO QUESTIONNAIRE 
RESULTS

HDBR stages Background 1st stage 2nd stage 3st stage

Lights off (astronomical time) 23:36 23:54 00:20 01:00

Falling asleep time, min 17.55 33.6 24.6 19.8

Wakefulness time during awakenings, min 4.8 17.4 6.9 0.09

Lights On (astronomical time) 07:16 07:34 07:31 08:03

Time in bed, h 7.63 7.66 7.15 7.04

Presentation of drowsiness, % of cases 33 44 82 62

SEI, % 96.33 91.32 94.73 94.91

FIG. 3.  
Differences of sleep-wake cycle indicators with background in standardised units at different stages of HDBR

-1,51

0,17

0,32

HDBR Stage 1

-0,27

0,95

0,78

HDBR Stage 2

SEI drowsiness lights

-0,13

0,39

1,50

HDBR Stage 3
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sis of  its clinical manifestations is an  important compo-
nent of  the  performed study. The  gradual improvement 
in sleep quality during the recovery phase was combined 
with an unexpected finding of a 38 % increase in episodes 
of daytime sleepiness. The diagnosis of insomnia in clini-
cal medicine is based not only on the assessment of sleep 
quality, but also on the assessment of wakefulness quality, 
including daytime sleepiness, as a characteristic indicating 
the negative impact of poor sleep quality on subsequent 
wakefulness [15]. This raises the  suggestion that the  in-
crease in daytime sleepiness with improved sleep quali-
ty and unchanged sleep duration is a characteristic inde-
pendent of sleep quality but possibly reflects an increased 
need for nocturnal sleep on days 4–6.

The  remaining nights associated with stage  3 
of  relative adaptation were closest to  background val-
ues. The  assessment of  this stage showed that chan
ges in  the  sleep-wake cycle consisted in  approaching 
the background values of the parameters that were as-
sessed, which is a positive sign of adaptation. The  fact 
that there is a significant shift in lights off and morning 
rise and fall to  later hours during the relative stabilisa-
tion phase appears to  be  of  particular interest. A  shift 
to later bedtime is often revealed in healthy individuals 
under different stressful situations [16, 17]. It is assumed 
that the most likely reason for the development of  lat-
er lights off time is probably caused by features of prior 
wakefulness (low physical activity). Ultimately, shifting 
the lights off time results in a later rise. The phenomenon 
of regime shift to later dates appears to be an important 
factor posing a potential threat to circadian rhythm sta-
bility in general [18].

Apart from the findings that were highlighted about 
the  stages of  adaptation, a  number of  shortcomings 
of the study have also been revealed, which impose a num-
ber of limitations. These include the small size of the group 
and the  use of  subjective assessments of  the  quality 
of the sleep-wake cycle.

CONCLUSION

Under HDBR conditions, there is a sequential occurrence 
of various circadian rhythm disorders: a decrease in sleep 
efficiency index as a result of lengthening of falling asleep 
and the  appearance of  nocturnal awakenings, followed 
by the development of hypersomniac symptoms (daytime 
sleepiness) against the background of improved nocturnal 
sleep, and then a gradual shift of the sleep regime to later 
periods. At different stages of circadian rhythm adaptation 
to HDBR conditions, the holistic picture of insomniac dis-
orders changes, constituting a pattern of sleep disorders 
specific for each stage in healthy people under conditions 
of 21-day head-down bed rest.

Funding
The  study was performed within the  framework 

of the basic theme of the Russian Academy of Sciences 64.1 
for 2021–2023.

Conflict of interest
The  authors of  this article declare no  conflicts of  in-

terest.

Ethical review
Ethical review was conducted at  the  State Scientific 

Centre of  the Russian Federation – Institute of Bio-Medi-
cal Problems of the Russian Academy of Sciences (Protocol 
No. 109/18/1412 dated June 8, 2022).

REFERENCES

1.  Vein AM, Hecht K. Human sleep. Physiology and pathology. 
Moscow: Meditsina; 1989. (In Russ.). [Вейн A.M., Хехт К. Сон чело-
века. Физиология и патология. М.: Медицина; 1989].

2.  Polyakov VV, Posokhov  SI, Ponomareva  IP, Zhukova  OP, 
Kovrov GV, Vein AM. Sleeping during space flight. Aerospace and En-
vironmental Medicine. 1994; 28(3): 4-6. (In Russ.). [Поляков В.В., По-
сохов С.И., Пономарева И.П., Жукова О.П., Ковров Г.В., Вейн А.М. 
Сон в условиях космического полета. Авиакосмическая и эко-
логическая медицина. 1994; 28(3): 4-6].

3.  Kermorgant M, Nasr N, Czosnyka M, Arvanitis DN, Hélis-
sen O, Senard JM, et al. Impacts of microgravity analogs to space-
flight on cerebral autoregulation. Front Physiol. 2020; 11: 778. 
doi: 10.3389/fphys.2020.00778

4.  Marshall-Goebel K, Ambarki K, Eklund A, Malm J, Mulder E, 
Gerlach D, et al. Effects of short-term exposure to head-down tilt 
on cerebral hemodynamics: A prospective evaluation of a space-
flight analog using phase-contrast MRI. J Appl Physiol. 2016; 120(12): 
1466-1473. doi: 10.1152/japplphysiol.00841.2015

5.  Kramer LA, Hasan KM, Sargsyan AE, Marshall-Goebel K, 
Rittweger  J, Donoviel  D, et  al. Quantitative MRI volumetry, 
diffusivity, cerebrovascular flow, and cranial hydrodynamics 
during head-down tilt and hypercapnia: The SPACECOT study. 
J  Appl Physiol. 2017; 122(5): 1155-1166. doi:  10.1152/jappl-
physiol.00887.2016

6.  Amirova  L, Navasiolava  N, Rukavishvikov  I, Gauquelin-
Koch  G, Gharib  C, Kozlovskaya  I, et  al. Cardiovascular system 
under simulated weightlessness: Head-down bed rest vs. dry im-
mersion. Front Physiol. 2020; 11: 395. doi: 10.3389/fphys.2020.00395

7.  Lawley JS, Petersen LG, Howden EJ, Sarma S, Cornwell WK, 
Zhang R, et al. Effect of gravity and microgravity on intracranial 
pressure. J Physiol. 2017; 595(6): 2115-2127. doi: 10.1113/JP273557

8.  Lee H, Xie L, Yu M, Kang H, Feng T, Deane R, et al. The effect 
of body posture on brain glymphatic transport. J Neurosci. 2015; 
35(31): 11034-11034. doi: 10.1523/JNEUROSCI.1625-15.2015

9.  Vein AM, Ponomareva IP, Eligulashvili TS, Kovrov GV, Poso
khov SI, Filimonov MI, et al. The sleep-wake cycle under antiortho-
static conditions hypokinesia. Aerospace and Environmental Medi-
cine. 1997; 31(1): 47-52. (In Russ.). [Вейн А.М., Пономарева И.П., 
Елигулашвили Т.С., Ковров Г.В., Посохов С.И., Филимонов М.И., 
и др. Цикл «сон – бодрствование» в условиях антиортостатиче-
ской гипокинезии. Авиакосмическая и экологическая медицина. 
1997; 31(1): 47-52].

10.  Boschert AL, Elmenhorst D, Gauger P, Li Z, Garcia-Gutier-
rez MT, Gerlach D, et al. Sleep is compromised in –12° head down tilt 
position. Front Physiol. 2019; 10: 397. doi: 10.3389/fphys.2019.00397



ACTA BIOMEDICA SCIENTIFICA, 2023, Vol. 8, N 6

248
Experimental researches

11.  Gkivogkli  PT, Frantzidis  C, Karagianni  M, Rosenzweig  I, 
Papadeli CK, Bamidis PD. Sleep macro-architecture disturbances 
during a 60 days 60 head down tilt bed-rest and the effect of Sledge 
Jumping System (SJS) as a countermeasure to prevent those 
changes. Front Hum Neurosci.2016; 12(106): 10-3389. doi: 10.3389/
conf.fnhum.2016.220.00106

12.  Mizuno K, Inoue Y, Tanaka H, Komada Y, Saito H, Mishima K, 
et  al. Heart rate variability under acute simulated microgravity 
during daytime waking state and nocturnal sleep: Comparison 
of  horizontal and 6 degrees head-down bed rest. Neurosci Lett. 
2005; 383(1-2): 115-120. doi: 10.1016/j.neulet.2005.03.058

13.  Komada Y, Inoue Y, Mizuno K, Tanaka H, Mishima K, Sato H, 
et al. Effects of acute simulated microgravity on nocturnal sleep, 
daytime vigilance, and psychomotor performance: Comparison 
of horizontal and 6 degrees head-down bed rest. Percept Mot Skills. 
2006; 103(2): 307-317. doi: 10.2466/pms.103.2.307-317

14.  Basner  M, Dinges  DF, Howard  K, Moore TM, Gur  RC, 
Mühl  C, et  al. Continuous and  intermittent artificial gravity 
as a countermeasure to the cognitive effects of 60 days of head-
down tilt bed rest. Front Physiol. 2021; 12: 643854. doi: 10.3389/
fphys.2021.643854

15.  Kovrov GV. A short guide to clinical somnology. Moscow: 
MEDpress-inform; 2018. (In Russ.). [Ковров Г.В. Краткое руко-
водство по клинической сомнологии. М.: МЕДпресс-информ; 
2018].

16.  Zavalko IM, Rasskazova EI, Gordeev SA, Palatov SU, Ko-
vrov  GV. The influence of long-term isolation and anticipation 
of a significant event on human sleep: Results of the Mars-520 pro-
ject. Human Physiology. 2013; 39(6): 45-52. (In Russ.). [Завалко И.М., 
Рассказова Е.И., Гордеев С.А., Палатов С.У., Ковров Г.В. Влияние 
длительной изоляции и ожидания значимого события на сон 
человека: результаты проекта «Марс-520». Физиология чело-
века. 2013; 39(6): 45-52].

17.  Steinach M, Kohlberg E, Maggioni MA, Mendt S, Opatz O, 
Stahn  A, et  al. Sleep quality changes during overwintering 
at the german antarctic stations Neumayer II and III: The gender 
factor. PLoS  One. 2016; 11(2): e0150099. doi:  10.1371/journal.
pone.0150099

18.  Duffy JF, Abbott SM, Burgess HJ, Crowley SJ, Emens JS, 
Epstein LJ, et al. Workshop report. Circadian rhythm sleep-wake 
disorders: Gaps and opportunities. Sleep. 2021; 44(5): zsaa281. 
doi: 10.1093/sleep/zsaa281

Information about the authors
Gennady  V. Kovrov – Dr.  Sc. (Med.), Professor, Senior Research Officer, State Scientific Center of the Russian Federation – Institute Biomedical Problems, Russian Academy of Sciences, 
e-mail: kgv2006@yandex.ru, https://orcid.org/0000-0002-3564-6798
Alisa V. Vlasova – Student, N.V. Sklifosovsky Institute of Clinical Medicine, I.M. Sechenov First Moscow State Medical University (Sechenov University); Research Assistant, State Scientific Center 
of the Russian Federation – Institute Biomedical Problems, Russian Academy of Sciences, e-mail: vav.vav.va@yandex.ru, https://orcid.org/0009-0007-7901-8869
Olga V. Popova – Junior Research Officer, State Scientific Center of the Russian Federation – Institute Biomedical Problems, Russian Academy of Sciences, e-mail: olya.popovaolga2710@yandex.ru, 
https://orcid.org/0009-0002-3749-588X
Anna  G. Chernikova – Cand.  Sc. (Biol.), Senior Research Officer, State Scientific Center of the Russian Federation – Institute Biomedical Problems, Russian Academy of Sciences, 
e-mail: anna.impb@mail.ru, https://orcid.org/0000-0002-2596-8929


