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AUTONOMIC REGULATION OF THE CARDIOVASCULAR SYSTEM AFTER M) Check for updates
AWAKENING AND MOTOR ACTIVITY DURING NIGHT SLEEP UNDER
CONDITIONS OF PROLONGED ISOLATION: A DESCRIPTIVE STUDY

Lidiia S. Stulova™, Gennady V. Kovrov, Anna G. Chernikova

Institute of Biomedical Problems of the Russian Academy of Sciences, Moscow, Russia

Introduction. Adequate night sleep is crucial for maintaining health and optimal performance. Under chronic stressors, such as prolonged
isolation, sleep quality and duration become critical determinants of resilience: sleep disturbances can exacerbate psychological distress and
impair cognitive functioning. In such conditions, sleep duration becomes a crucial factor affecting the well-being and productivity of a human
operator on the following day. However, its role in shaping the processes of morning activation has been insufficiently studied.

Objective. To identify the characteristics of motor activity during night sleep and autonomic regulation after morning awakening in individuals
with different sleep durations under conditions of a prolonged isolation experiment.

Materials and methods. The study was conducted within the framework of the international isolation experiment “SIRIUS-23/24” and in-
volved six healthy volunteers (two men, four women; age range: 25-37 years). Based on sleep duration, participants were divided into two
groups: a short-sleep group (< 7 h; n = 4; two men, two women; aged 27-37) and a longer-sleep group (> 7 h; n = 2; both women; aged 25 and
34). Monthly monitoring of motor activity during sleep was carried out using actigraphy, along with ECG recording and sleep characteristics
questionnaires completed immediately after awakening. The following parameters were analyzed: heart rate variability indicators (SDNN, TP,
VLF, SI, LF/HF), the Kerdo vegetative index, as well as sleep duration, sleep efficiency, and motor activity during sleep. To assess the signifi-
cance of differences between the identified groups, the non-parametric Mann-Whitney U test was applied.

Results. Participants in the short-sleep group demonstrated lower sleep efficiency and higher motor activity during nighttime hours. In the
same group, a relative reduction in sympathetic influences was observed after awakening, evidenced by lower heart rate values (61.5 bpm,
p = 0.049), Kerdo vegetative index (-9.4 arbitrary units, p = 0.015), and Sl (48 arbitrary units, p = 0.04). At the same time, parasympathetic
activity was enhanced, as shown by higher SDNN (59.3 ms, p = 0.005) and TP (1994 ms?, p = 0.006), indicating impaired morning activation.
In the long-sleep group, despite better sleep parameters, lower VLF power values were recorded after awakening compared to the short-sleep
group (p < 0.05).

Conclusions. Under prolonged isolation conditions, some crew members exhibited short sleep duration (< 7 h), which was associated with
increased motor activity during nighttime sleep, reduced sleep efficiency, and attenuated sympathetic regulation of heart rate after awaken-
ing. These findings highlight the need for an individualized approach to sleep schedule optimization to maintain performance and health in
extreme environments.
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BEFETATUBHASA PEMYNAUMA CEPOEYHO-COCYOUCTON CUCTEMbI MOCIE MPOBY>XXAEHUA
W OBUTATENIbHAA AKTUBHOCTb BO BPEMSl HOMHOIO CHA B YCIOBUAX AJIUTESIbHON
n3onAUnn: OriIMCATEJIbHOE UCCJIEAOBAHUE

J1.C. Ctynosa™, I'B. Koepos, A.Il. HepHrkoBa

VIHCTUTYT Meaunko-6ronorndecknx npobnem Poccuinckon akagemmm Hayk, Mocksa, Poccus

BBepeHune. HouHOM COH — BaXKHbIN (hakTop COXpaHeHUst 300POBbS 1 BbICOKOW paboTocnocobHoCTW. B ycnosusix cTpecca, Hanpumep
npwn AAUTEeNbHOM N30SUMK, ero Ka4eCTBO W OMTENbHOCTL NMprobpeTatoT 0coboe 3HadeHve: NPobaeMbl CO CHOM CMOCOOHbI ycumMBaTb
CTPECCOBOE COCTOSAHVE U yXydLlaTb KOrHUTUBHBIE CIOCOOHOCTU. B Takmx yCnoBusx NpOOO/MKUTENBHOCTb CHA CTAHOBUTCH PELIAOLLIM
hakTopOoM, BAUSIOLLMM Ha CamMOYyBCTBME U MPOAYKTUBHOCTL YenoBeka-onepartopa B nocneaytowmii AeHs. OoHako ee posb B hopmmpoBsa-
HUW NPOLIECCOB YTPEHHEN aKTMBaLn N3y4eHa HeJoCTaTOuHO.

Llenb. BbigBneHne 0Cob6eHHOCTEN ABUraTelbHON akTUBHOCTN BO BPEMS HOYHOIO CHa 1 BEreTaTVBHOW Perynaumm nocne yTpeHHero npo-
By>KOEHWS Y L, C PasdNUYHON NPOLAOIKUTENBHOCTBIO CHA B YCOBUSX ANNTENBHOIO U30NSLMOHHOMO 3KCNepuUMeHTa.

MaTepuanel 1 MeToabl. ViccnenoBaHe NpoBOANAOCH B paMKax MeXAyHapOaHOro N30SUMOHHOro akcnepumMenTa «SIRIUS-23/24» ¢ yya-
CcTrem 6 300PO0BbIX AOOPOBOMBLEB (2 MY>XXUMH, 4 XKEHLLHBI, BO3pacT 25-37 neT). 1o NpoaomKUTEeNbHOCTU CHA yHaCTHUKM Oblnn pa3aeneHbl
Ha [Be rpynmbl: C KOPOTKUM (< 7 Y; N = 4, 2 MY>X4UH, 2 XXeHLLHbI, BO3pacT 27-37 neT) n 6onee ANUTEeNbHbIM CHOM (> 7 4; N = 2, 2 XeHLLW-
Hbl, Bo3pacT 25 n 34 roga). ExxeMecsiHHO OCYyLLECTBASANM MOHUTOPUHI ABUraTeflbHOM akTUBHOCTM BO BPEMSI CHa METOAOM akTurpaduu,
pernctpaumio SKI™ 1 aHKETUPOBaHNE O XapakTepUCTMKaxX CHa cpady nocne Npoby xaeHvs. AHaNM3nPOoBann nokasareny BapnabensHoCTu
cepaeyHoro putma (SDNN, TP, VLF, SI, LF/HF), BereTatuBHbIN nHAeKc Kepao, a Takxke NpoaomKUTENbHOCTb, 9h(eKTMBHOCTb CHa 1 ABU-
raTteflbHyt0 akTUBHOCTb BO BPeEMS CHa. [ns OLeHKM OCTOBEPHOCTY pasfinynii BblAeNeHHbIX Mpynn NMPUMEHSNCS HenapaMeTpUHEeCKnii Kpu-
Tepuii MaHHa — YutHu.

Pe3ynbrathbl. Y y4aCTHUKOB rpynrbl C HEMPOLOKUTENBHBIM CHOM 3(hMEKTUBHOCTL CHa Bblna HKe, a ABUraTeNbHas akTMBHOCTb B HOYHbIE
Yacbl — BbILLE. Y YHaCTHUKOB 3TOW »e rpynrbl Nocne Npoby X AeHWs BbISBNIEHO OTHOCUTENBHOE CHIKEHME CUMMATUYECKMX BANSHNIA: 6onee
HN3KNE 3HAYEHV YacTOThbl CepaeyHbiX cokpallennin (61,5 yo/MuH, p = 0,049), nHoekca Keppo (-9,4 yen. eq., p = 0,015) n Sl (48 ycn. eq,,
p = 0,04); 1 ycuneHue napacuMnaT4eckon akTuBHoOCTU: 6onee Bbicokme 3HaveHus SDNN (59,3 mc, p = 0,005) n TP (1994 mc?, p = 0,006),
4YTO CBMAETENBCTBYET O HapyLLEeHUN YyTPeHHeN akTuBaumn. B rpynne ¢ 6onee onmTenbHbIM CHOM, HECMOTPS Ha Ny4live nokasaTenu cHa,
3adkenpoBaHbl 60nee HU3KMe 3Ha4eHnsa MoLLHOCTI VLF nocne npoby»xaeHns No CpaBHEHMIO C MPYMMOV C KOPOTKUM CHOM (p < 0,05).
BbiBoAbl. B yCnoBuax 4nnmTensHOM N3oasummn y HEKOTOPbIX YIEHOB 3KMNaXka 0TMeHancs KOPOTKUA COH (< 7 4), CBA3AHHbLIN C NMOBbILLEHHON
OBUraTenbHOM akTUBHOCTbBIO BO BPEMSI HOYHOIO CHa, CHKEHMEM 3 MEKTUBHOCTI CHa 1 ocnabneHneM CUMNaTUHecKom peryasaumm cep-
OE4YHOro putma nocne npoby>xaeHus. MonyyYeHHble faHHble NOAYEPKMBAOT HEOOXOAMMOCTb MHAMBUAYANBHOMO NOAX04a K ONTUMU3aLm
pexumMa cHa Anst nogaep»KaHns paboTocnocobHOCTY 1 300POBbS B SKCTPEMASIbHBIX YCIOBUSIX.

KnioyeBble cnoBa: M30MSUNUS;, COH; Ka4eCTBO CHa; MPOMAO/MKUTENBHOCTb CHa; BapuabenbHOCTb CepaedHoro puTma; asuraTesnbHas
aKTMBHOCTb; M30NSLUMOHHBIN akcnepumeHT SIRIUS-23/24; umpkagnaHHbIi pyuTtM

Ons untnpoBaHus: Ctynosa J1.C., KoBpos IB., YepHukosa A.l. BeretatmBHas perynaumsi cepaeyHo-cocyamcTo CUCTeMbl Mocne npo-
Oy>KAeHWs 1 ABUraTenbHasi akTMBHOCTb BO BPEMSI HOYHOIO CHa B YCIOBUSIX OASUTENbHOM N30A8UMK: onncaTeflbHoe nccnegoBaHve. Ske-
TpemasibHas buomeauimHa. 2026. https:/doi.org/10.47183/mes.2026-526

duHaHcupoBaHue. Viccnenosaryie BoINOMHEHO B pamkax TeMbl PAH FMFR-2024-0042.

CooTBeTCTBME NPUHLMNAM 3TUKU. ViccnenoBaHrie NPOBOAMIOCH B COOTBETCTBUM C STUHECKMMU MPUHLMNAMN MEANLIMHCKNX UCCNenoBa-
HWUI C y4acTneM YenoBeka, U3NOXKEHHbIMU B XeNbCMHKCKOW Aekapaumn. Nporpamma akcneprMeHTa 1 NpoBeAeHHbIE NCCNeaoBaHns obimv
opobpeHbl Komucenen no 6rnoatmke ML PO — VMBI PAH (mpoTokon Ne 643 o1 07.07.2023). [1o6poB0osbLbl TOAAMCaNN MHPOPMUPOBAH-
HOe cornacuve Ha y4acTue B UCCnefoBaHUsIX.

MoTeHumnanbHbIl KOHPANKT MHTEPECOB. ABTOPbI 3as3BNAIOT 006 OTCYTCTBUM KOH(DIMKTA MHTEPECOB.

Wcnonb3oBaHue WHCTPYMEHTOB nn. ABTOpr 3aABNIAKOT, YTO NPV NOAroTOBKE PYKOMNCK HE MCMNONb30BaJIMCb MHCTPYMEHTLI NCKYCCTBEH-
HOro MHTeNNeKTa.
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INTRODUCTION

It is well known that night sleep of normal duration and
quality plays an important role in human life, contrib-
uting to recovery and the preservation of health in all
its aspects — physical, cognitive, and emotional. Both
shortened and excessively prolonged sleep have been
shown to negatively affect the ability to concentrate
and retain information, provoking increased irritability
and reduced motivation [1]. Therefore, monitoring and

maintaining proper sleep rhythms are crucial measures
for ensuring work safety and efficiency and improving
quality of life.

In extreme conditions, assessing circadian rhythms
is critical because a disrupted sleep schedule markedly
elevates stress and fatigue levels. This not only impairs
adaptation but also compromises health at both the
individual and population scales. In such situations,
reduced sleep quality can lead to deteriorated cogni-
tive functions, lower work performance, and a higher
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likelihood of errors among operators and specialists
working in critical fields. In extreme conditions —
such as space flights, isolation experiments simulating
spaceflight environments, and long-term isolation dur-
ing expeditions — a reduction in both sleep duration
and quality, as well as disruptions in circadian rhythms,
has been documented compared to control studies
under normal conditions [2-7]. However, the question
of individual sleep duration and its potential relation-
ship with the post-awakening state remains largely un-
explored.

Polysomnography is the gold standard for assess-
ing nighttime sleep quality; however, given its complex-
ity and high cost, simpler approaches are often re-
quired. In recent years, methods based on the analysis
of motor activity and heart rate variability (HRV) have
been increasingly applied to evaluate sleep quality [8].

Actigraphy is a widely used non-invasive method for
the objective assessment of nighttime sleep duration
and quality [8]. Motor activity during sleep is often as-
sociated with sleep segmentation and fragmentation,
which underscores its value as a marker of sleep dis-
turbances [9].

HRV analysis during nighttime sleep is primarily used
in the study of circadian rhythms, as this non-invasive
approach allows assessment of autonomic nervous sys-
tem activity within the circadian framework. In athletes
and individuals working in hazardous industries, over-
night HRV monitoring serves as a tool for health status
control and prevention of overtraining [10]. The method
is of greatest diagnostic value immediately after awaken-
ing, since morning HRV parameters correlate with the
body’s readiness for daytime physical activity. Studies
confirm that the highest HRV is observed in the morning
hours, while it tends to decrease in the afternoon [11].
High HRV generally indicates the body’s capacity to re-
spond quickly and flexibly to external and internal stimuli,
whereas reduced HRV is an independent risk factor for
both health and work performance. [12]. Consequently,
elevated HRV supports more effective adaptation to up-
coming mental and physical tasks, enhancing produc-
tivity and resilience to fatigue development.

HRV is modulated by nocturnal sleep duration and
quality. Research indicates that consolidated, restora-
tive sleep promotes parasympathetic dominance, re-
sulting in higher HRV indices as a marker of healthy
autonomic balance. [13]. Shorter sleep duration is typi-
cally associated with lower HRYV, indicating a potential
link between insufficient sleep and reduced autonomic
nervous system function [14]. Conversely, sufficiently
long sleep duration may be associated with higher
HRV [15]. However, some authors argue that both ex-
cessively short and excessively long sleep durations
can have a negative impact on autonomic nervous sys-
tem function [16].

It is important to note that the combined use of HRV
indicators and motor activity data to determine sleep
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stages significantly improves classification accuracy
and sensitivity [17]. It has also been demonstrated that
the analysis of heart rate, respiratory rate, and move-
ment parameters obtained via ballistocardiography
outperforms actigraphy in terms of sleep state detec-
tion accuracy [18]. Although the combined analysis of
motor activity and HRV significantly expands the pos-
sibilities for assessing nighttime sleep quality [19], very
few studies of this kind have been published to date.

We hypothesize that reduced nighttime sleep dura-
tion is a factor altering its qualitative characteristics, in-
cluding changes in motor activity, which may indirectly
indicate a decrease in sleep depth. These alterations
may not be confined to the nighttime period but could
extend into the early morning, affecting autonomic bal-
ance and the level of post-awakening activation.

The aim of the study is to identify the specific fea-
tures of motor activity during nighttime sleep and auto-
nomic regulation after morning awakening in individu-
als with different sleep durations under conditions of a
long-term isolation experiment.

MATERIALS AND METHODS

The experiment was carried out within the framework
of the international SIRIUS-23/24 project, which in-
volved a one-year isolation period. Six volunteer test
subjects participated — two men and four women,
aged 25-37 years. All participants underwent an in-
depth medical examination, were confirmed to be in
good health, and were cleared to take part in the study.

Motor activity was recorded once at the end of
each isolation month using a non-contact method over
the course of a night. The Cardioson device (Medical
Computer Systems, Russia), comprising a plate with
an integrated accelerometric sensor, was positioned
beneath each participant’s mattress at the level of the
sternum. Based on the initial accelerometric signal
(sampling frequency — 500 Hz), segments of motor
activity were identified when the threshold value cal-
culated by an adaptive algorithm was exceeded. The
number and duration of movements lasting at least
1 s were computed for every 5-min interval using cus-
tom software developed at the Institute of Biomedical
Problems of the RAS (IBMP RAS) [20].

Immediately after the participants’ awakening, mon-
itoring of the cardiovascular system and its autonomic
regulation was carried out. Upon awakening, partici-
pants performed self-measurements of blood pres-
sure (BP) and heart rate (HR). This was followed by a
5-minute ECG recording using the MH-01 wireless car-
dioregister (BORSAM Biomedical Instruments, China).
Finally, via the Stress-Control hardware-software com-
plex (IBMP RAS), subjects completed a questionnaire
regarding their sleep—wake cycle characteristics, in-
cluding items on nocturnal sleep quality and daytime
sleepiness.
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The study analysed cardiovascular and autonomic
recordings alongside morning questionnaire responses
regarding sleep quality following nights with monitored
motor activity. In total, 60 records were obtained from
6 participants over 12 months. Some motor activity re-
cords were excluded due to technical issues.

Based on the BP and HR measurements, the Kerdo
Vegetative Index (KVI) was calculated using the formula:
KVI = (1 - (BP / HR)) x 100. During electrocardiogram
(ECQG) recording, the durations of a consecutive series
of RR intervals were analysed, and HRV parameters
were evaluated in accordance with international and
Russian standards [21]. The following HRV parameters
were analysed:

e RMSSD — root mean square of successive differ-
ences (between successive normal RR intervals);

e HF — spectral power of heart rate oscillations in the
high-frequency range (0.15-0.4 Hz);

e |F — spectral power of heart rate oscillations in the
low-frequency range (0.04—-0.15 Hz);

e VLF — spectral power of heart rate oscillations in the
very low-frequency range (0.003-0.04 Hz);

e |F/HF — the ratio of low-frequency to high-frequency
spectral components;

e SDNN — standard deviation of NN intervals (all inter-
vals between successive normal heartbeats);

e S| — the stress index reflecting the level of tension in
adaptive and protective systems;

e TP — the total power, i.e. the sum of power values in
the HF, LF, and VLF bands.

In the questionnaire, participants reported bedtime,
sleep onset latency, duration of nocturnal awakenings,
and time of morning awakening. Total sleep time was
calculated as the difference between time in bed and
the sum of sleep onset latency and the total duration of

nocturnal awakenings. Sleep efficiency (SE) was com-
puted as the ratio of total sleep time to time in bed [22].

Statistical analysis was  performed  using
Statistica 10.0 software (StatSoft, USA). Numerical
data are presented as medians and percentiles:
M, (P25; P75). The non-parametric Mann-Whitney test
was applied to compare the groups.

RESULTS

Based on the questionnaire results, the crew members
were divided by an expert panel into two groups accord-
ing to nighttime sleep duration: four individuals who, on
average, slept less than 7 h (6.5 + 0.2 h), and two indi-
viduals who slept more than 7 h (7.5 + 0.3 h).

Data from the monthly questionnaire survey on
nighttime sleep characteristics and daily routine during
the 12-month isolation period were analysed for each
crew member (Table 1). On average, such parameters
as sleep duration, sleep onset latency, and duration of
nocturnal awakenings did not exceed the normal refer-
ence ranges: 6-10 h for sleep duration, up to 30 min for
sleep onset latency, and up to 15 min for the duration of
nocturnal awakenings [23].

The reduced nighttime sleep duration in the first
group was mainly due to a later bedtime and prolonged
sleep onset latency. Additionally, the sleep efficiency
index (SEl) was significantly lower in the group with
shorter nighttime sleep.

Analysis of nocturnal motor activity revealed signifi-
cantly lower movement levels in the long-sleep group
compared to short-sleepers (p < 0.05; see Table 2),
suggesting superior sleep quality and stability in this
cohort. Analysis of parameters reflecting cardiovascu-
lar homeostasis and autonomic regulation in the groups

Table 1. Sleep characteristics of the SIRIUS-23/24 crew members based on the “sleep-wake” questionnaire

Crew Wake-up | Sleep onset Duration of Sleep Sleep
member Bedtime . nocturnal Time in . -
sequence (hh:mm) time latency awakenin bed (h) duration Efficiency
a ' (hh:mm) (min) °ning (h) Index (SEI), %
number (min)
Group 1: sleep duration<7 h
1 24:00 + 00:12 | 6:10+0:.00 | 31.30+0.00 | 230+048 |710+0.09 |6.36 +0.12| 89.6 +0.02
2 23:36 + 00:15 | 6:53 £ 00:07 | 19.30 £ 748 | 200+048 | 718 +0.14 |6.56 +013| 91.4 +0.00
3 23:45 + 00:13 | 7:00 £ 0:07 | 25.30 = 7.11 3.30+0.00 |715+013 |6.46+013| 90.3+0.00
4 24:.00 £ 00:07 | 710+ 0:07 | 15.00+ 748 | 1.30+0.30 |7.08+0.08|6.51 +0.07| 91.9+0.00
Group 2: sleep duration>7 h
5 23:36 + 00:07 | 7:00 +0:07 | 156.00+748 | 0.00+0.00 [725+0.09|710+0.13| 97.9=+0.03
6 23:19 + 00:09 | 726 +0:00 | 16.30+0.00 | 4.30+0.00 [8.07+012|746+012| 924 +0.00

Table prepared by the authors using their own data

Note. Number of measurements (n) per crew member — 10.
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Table 2. Nighttime motor activity and cardiovascular autonomic control parameters in SIRIUS-23/24 crew

members
Parameters Group 1 (sleep <7 h) Group 2 (sleep > 7 h) (Mar?r-l\i?l\llﬁtney
n=40 n=20 Utest), p

pumber of motor activity episodes per 155 (1.15; 2.14) 0.89 (0.71; 1.36) 0.001
Heart rate, bpm 61.50 (59; 66.25) 68 (55; 78.50) 0.049
Kerdo vegetative index, arbitrary units (a.u.) -9.40 (-34.50; -1.87) 12.10 (-27.25; 21.50) 0.015
RMSSD, ms 39.70 (33.25; 47.25) 40.20 (29.20; 45.30) 1.000
HF, ms? 529 (206.50; 766.50) 382 (240; 699) 0.878
LF, ms? 776 (472.50; 1176.30) 562 (411; 836) 0.140
VLF, mg? 547 (431; 1035) 483 (326; 526) 0.037
LF/HF, arbitrary units (a.u.) 1.64 (0.77; 7.75) 1.68 (0.75; 2.86) 0.581
SDNN, ms 59.3 (50.40; 72.35) 48 (44. 30; 56.80) 0.005
S|, arbitrary units (a.u.) 48 (31; 67.50) 72 (59; 94) 0.004
TP, ms? 1994 (1657.50; 2749.50) 1599 (1202; 1925) 0.006

Table prepared by the authors using their own data

Note. RMSSD — root mean square of successive differences; HF — spectral power of heart rate oscillations in the high-frequency range
(0.15-0.4 Hz); LF — spectral power of heart rate oscillations in the low-frequency range (0.04-0.15 Hz); VLF — spectral power of heart rate
oscillations in the very low-frequency range (0.003-0.04 Hz); LF/HF — ratio of low-frequency to high-frequency spectral components; SDNN —
standard deviation of NN intervals; SI — stress index; TP — total power values in the HF, LF, and VLF bands; n — number of measurements;
*—p < 0.05 — p-value (Groups 1 vs. 2, Mann-Whitney U test); values are presented as medians with percentiles M, (P25; P75); significant
differences between Groups 1 and 2 (Mann-Whitney U test) are indicated in italics (p < 0.05).

stratified by nighttime sleep duration showed that these
groups differed significantly in the following indicators:
VLF, SDNN, Kerdo index, Sl, and TP (Table 2).

Crew members with longer sleep duration dem-
onstrated significantly higher resting heart rates and
Kerdo index values in the morning (p < 0.05), indicat-
ing a relative predominance of sympathetic regulation
within their cardiovascular homeostasis. The Kerdo in-
dex value in the group with sleep duration less than
7 h was significantly lower compared to the group with
sleep duration more than 7 h, by 17.65 arbitrary units.
Considering that the Kerdo index is an indirect indica-
tor of vagosympathetic balance, the observed changes
suggest greater hemodynamic efficiency and improved
recovery and energy accumulation in the morning in
crew members with sleep duration less than 7 h.

Table 2 also summarizes HRV metrics that dif-
fered significantly between the short-sleep and long-
sleep cohorts (p < 0.05). These parameters charac-
terize the overall effect of regulatory activity and the
body’s adaptive reserves (SDNN, TP), as well as the
activity of the sympathetic division of the autonomic
nervous system (Sl), and the degree of central nerv-
ous system involvement in autonomic regulation, along
with the status of humoral and metabolic regulatory
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mechanisms (VLF). In the morning, crew members who
slept less than 7 h showed increased parasympathetic
and decreased sympathetic influences on heart rate.
The enhanced parasympathetic activity is supported
by changes in HRV parameters such as SDNN and TP.
The SDNN value, which reflects the standard deviation
of all NN intervals and the overall effect of autonom-
ic regulation of circulation, averaged 62.31 ms in the
less than 7 h sleep group and 50.97 ms in the group
with longer sleep duration. Lower sympathetic nerv-
ous system activity in the morning, observed in par-
ticipants with shorter sleep duration based on blood
pressure measurements (Kerdo index), is supported by
the comparison of the Sl values between the groups.
The mean Sl value after awakening in the less than 7 h
sleep group was 53.35 arbitrary units, which is at the
border of the physiological norm [21] and may indicate
reduced activity of stress-response systems during the
morning period.

VLF power was approximately 50% lower in Group 2
than in Group 1, consistent with reduced energy-met-
abolic activity in the short-sleep cohort. This may indi-
cate a reduced level of metabolic and energy process-
es, as well as the insufficiency of even a longer sleep
duration in Group 2.
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DISCUSSION

Findings from the SIRIUS-23/24 experiment revealed
heterogeneous sleep requirements among individuals
during 12 months of isolation, as reflected by variable
sleep durations. Based on nightly sleep duration, the
cohort was divided into two subgroups: short-sleepers
(n = 4; mean duration: 6 h 48 min) and long-sleepers
(n = 2; mean duration: ~7 h 18 min). Notably, the short-
er-sleep group showed prolonged sleep onset latency,
suggesting a possible impairment of the sleep’s restora-
tive capacity.

Sleep duration was found to be a significant differ-
entiating factor between the groups: it was associated
with distinct patterns of morning autonomic activity
(sympathetic and parasympathetic tone) and with the
level of motor activity during sleep.

It is well established that the diurnal rhythmicity of
the parasympathetic and sympathetic branches of the
autonomic nervous system is linked to central circadian
rhythms. The transition from sleep to wakefulness is
accompanied by activation of the sympathetic nervous
system, which aligns with the peak cortisol levels ob-
served in the daily cycle [24]. The observed attenuation
of sympathetic influences on heart rate and hemody-
namic regulation (Kerdo index) in the morning in the
less than 7 h sleep group may indicate a disrupted
circadian rhythm and impaired morning activation of
stress-response systems. The observed alterations in
nocturnal sleep in this group — prolonged sleep on-
set latency, higher motor activity during sleep, and re-
duced sleep efficiency index — may represent the pri-
mary mechanism underlying the detected shifts in the
sleep-wake cycle.

At the same time, in Group 2, despite the longer
nocturnal sleep duration and higher sleep efficiency,
reduced VLF spectral power values indicate attenu-
ated heart rate fluctuations in the very low frequency
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