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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 (SEl),
three stages of adaptation were identified. At the stage of acute adaptation (the first
3days), thereis a decrease in SEl 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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PE3IOME

O6ocHosaHue. AHmuopmocmamudyeckas 2unokuHesus (AHOI) socnpou3so-
oum Hekomopele 3¢hchekmebl 8030elicmeus He8ecCoMOCMU HA OP2aHU3M Yes108eKa
U npumeHAemcs 071 U3y4deHUs aoanmayuu K yc08UsM KOCMUYECKO20 Noéma.
VMzsecmHo, umo AHOI 851usiem Ha HOYHOU COH, HO 8 luMepamype omcymcmayrom
cg8edeHus 0 Nocs1e008amMesIbHOCMU 803HUKHOBEHUS HapyweHul cHa npu AHOI.
Lens pabomel. Vi3ydeHue OUHAMUKU Cyb6beKMUBHbIX U3MeHeHUl OUeHKU Kade-
C€Meda cHa 8 yc/108UAX aHMUOpMocmamuyeckol 2uNOKUHe3UU.

Mamepuanel u memoosl. B3kcnepumeHme c21-cymoyHou AHOI yuacmeosasnu
6300p08bIX MyX4YUH-006p080sIbYES (803pacm om 26 00 34 1em). OHU HaX0OUIUCb
Ha MeOuyUHCKoU Kpo8amu ¢ y2/10M HaK/IOHA meJsid OMHOCUMes1bHO 20pU30HMA —6°
8 meyeHue 21 cymok. [l oyeHKU Kayecmaa cHa 611 Ucnosib308aH CMpyKmMypupo-
8aHHbIU ONPOCHUK, OUeHUBAW UL NPOOO/IKUMEIbHOCMb CHA, CKOPOCMb 3acbind-
HUS, HOYHble NpobYX0eHUs, Hau4ue OHe8HOU COHIUBOCMU, OHEBHbIX 3aCbINAHUU.
Pe3ynemamel. Ha ocHosaHuu oyeHKU OUHAMUKU UHOeKca 3ghgekmusHocmu
cHa (M3C) 6bino 8eideneHo 3 amana adanmayuu. Ha smane ocmpou adanma-
yuu (nepsele 3 cymok) npoucxooum cHuxeHue U3C ¢ 96,4 do 91,3 (p < 0,01),
cmamucmuyecku 3Ha4umoe yOsIuHeHue 3aceinaHus ¢ 17,6 0o 33,6 muH (p < 0,01),
ysenuyeHue npoooIKUMeIbHOCMU HOYHbIX NPobyx0eHul 00 17,4 MUH, ycuneHue
OHesHoU coHnugocmu Ha 11 %. B cnedytowue 3 cymok («eoccmaHosumernbHbil»
3man) ommeydaemca cmamucmuyecku 3Ha4umoe ysesudeHue VI5Cno cpasHeHuro
¢ 1-m amanom 00 94,7 (p < 0,01), HO OH ocmaémca cmamucmuyecku 3Ha4umo
Huxe ¢hoHosbIx 3HaYeHul (p < 0,004). Bosapacmaem konu4ecmao xanob Ha OHe8Hyo
COHIUBOCMb (00 42 %), CpoKU BeHepHe20 0Mb60s CMeWaromcs No3xe Ha 26 MUHym.
Ha 3-m 3mane (ocmasuwiuecs Hoyu) npoucxo0um omHocumesibHas cmabunusayus
YUK1a «COH — 600pCMB0o8aHuUE.

3aknioyeHue. Bycnogusx21-cymoyHol AHOI npoucxoOum nocmeneHHoe u3me-
HeHUue nammepHa HapyweHuli cHa. Haubonee HezamusHble 8 niiaHe cy6vekmugHoU
OUEHKU U3MeHEeHUs 0mMeydasnuce 8 nepable 3 OHSA. 3amem ommeyaemcs ysyduweHue
3AaCbINAHUSA, CHUXeHUE HOYHbIX NPOBYK0eHUU 8 COYemaHuu € ygesudeHuem OHe8HOU
COHIUBOCMU U (hOpMUPOBAHUEM pexxuma ¢ 6osiee NO3OHUM 0MOOeM.

Knioueesle coea: aHmuopmocmamuyeckas 2UunoKUHe3Us, COH, KocMuyeckuli
nos1iém, UHOeKC 3(hcheKkmusHOCMU CHA
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INTRODUCTION

Sleep has arole 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
24to40years (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/m? were enrolled in the study. All parti-
cipants had undergone medical selection by the medical ex-
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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 patternsin 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

Asurvey 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-
esin the horizontal axis of the body, redistributing body flu-



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.

Sleep

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.

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

TABLE 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
lessgngi;irr::i\(;;ilel:ﬁ:;%)f,agling asleep and waking time 7:08 715 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
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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.

SEl 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 SEl 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-
clein a21-day HDBR condition were revealed based on vis-
ual assessment of SEl 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.

24 hours HDBR sleep; LS Means
F(20, 99) = 1,9928, p = ,01379
Vertical lines — 0.95 confidence interval

Stage 1 - stage of acute adaptation, where dur-
ing the first 3 days there is a decrease in SEl 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 SEl 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, SEl) and daytime sleepiness
did not differ compared to background.

24 hours HDBR sleep; LS Means
F(20, 103) = 1,6322, p = ,05
Vertical lines — 0.95 confidence interval
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FIG. 2.

Changes in sleep and wakefulness characteristics under 21-day HDBR conditions
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TABLE 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 17.55 336 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
SEl, % 96.33 91.32 94.73 94.91
HDBR Stage 1 HDBR Stage 2 HDBR Stage 3

o

= SEI

FIG. 3.

= drowsiness

= lights

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

Since the indicators are multi-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 SEl 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 SEl 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-
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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.
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