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Introduction: The Mars500 project was conceived to gather knowl-
edge about the psychological and physiological effects of living in an
enclosed environment during the 520 d as would be required for a real
mission to Mars. Our objective was to investigate the circadian profile of
heart rate variability in the context of the Mars500 study. Methods:
Before, during and after confinement, 24-h EKG records were obtained
from the six crew members who participated in the mission. Autonomic
activity was evaluated through time and frequency domain indexes of
heart rate variability (HRV) analysis. Circadian rhythmicity was assessed
both by averaging hourly HRV along wake and sleep scheduled periods
and by fitting a 24-h harmonic to the hourly means. Results: During
confinement, wake HRV showed (mean * SE) a progressive increase in
mean RR interval (from 778 * 24 ms to 916 = 42 ms), and in the ampli-
tude (values are wavelet power coefficients) of very low (from 13.3 =
0.3 to 14.1 = 0.2) and high (from 7.8 * 0.4 to 8.3 * 0.3) frequency
components. During sleep, the relative amplitude of the high frequency
component of HRV decreased (from 11.8 = 1.6 to 9.4 = 1.8 normalized
units). Overall, sleep-wake differences of HRV showed a progressive
decrease of the relative amplitude of the high frequency component.
Also, circadian HRV rhythms were dampened during confinement.
Discussion: Data revealed diminished amplitude of the rest-activity pattern
of autonomic nervous system parasympathetic function. Reduced daylight
exposure and mood changes could account for this observation.
Keywords: space physiology, confinement, sleep, heart rate variability,
wavelets.

N PROLONGED SPACEFLIGHTS, the effect of long-

term confinement on the autonomic regulation of the
heart is difficult to separate from the effect of prolonged
exposure to microgravity or other space-related stressors.
In this regard, the Mars500 project was conceived to gather
data, knowledge and experience about the psychological
and physiological effects of living in an enclosed environ-
ment during the 520 d as would be required for a real mis-
sion to Mars. This allows us to study the effect of long term
confinement without the influence of microgravity (25).

Although autonomic nervous system (ANS) activity
may play a key role in adaptation during space missions
(2), little is known about the specific impact of confinement
on the circadian rhythm of ANS activity. The circadian
rhythm is characterized by a sympathetic predominance
during the wake periods that allows an active engage-
ment with the external environment with increased uti-
lization of energy, and a parasympathetic predominance
during the night related with a disengagement from ex-
ternal environment for recovery (17).

A significant reduction of the adrenal hormonal levels
of the pituitary-adrenal hormonal axis and reduced
sympathetic activity during the day was reported dur-
ing a 40-d stay in the Italian Antarctic Station of Terra
Nova Bay (7). Similarly, in the context of the Mars500 pilot
study (Mars105), we observed that a 105-d period of
confinement was associated with an increase in para-
sympathetic activity during wakefulness. No significant
differences were found in the length or phase of the
sleep-wake periods (25).

Few physiological studies have been conducted with
longer periods of confinement (> 105 d). In periods of
up to 6 months in space, in-flight changes go toward
homeostatic conditions similar to those found in the
preflight supine position (23); being mean arterial blood
pressure and heart rate lower than when compared with
ground-based standing (22). A decrease in parasympa-
thetic activity assessed during controlled respiration
tests was reported during prolonged spaceflights (196 d)
aboard the International Space Station (3). Regarding
Earth-based experiments, during a 2-yr confinement
period in the Biosphere 2 project, subjects showed a re-
duction in blood pressure. However, although this in-
stallation was materially closed, it was energetically
open (sunlight and electric power), and subjects were
under a calorically restricted low-fat diet (26). Still, none
of these studies evaluated the circadian rhythm of auto-
nomic activity.

Hence, we sought to investigate the circadian profile
of heart rate variability during a 520-d confinement
period in the context of the Mars500 study. Based on our
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previous findings on Mars105 (25), we hypothesize
that long term confinement is associated with an increase
in parasympathetic activity during wake periods.

METHODS
Subjects

Six healthy nonsmoking male subjects (mean *+ SD:
age 34 + 5 yr; height 176 = 3 cm; weight 85 = 9 kg; BMI
27 = 3 kg - m~2) were selected to participate in the 520-d
confinement study:.

Design

The Mars 500 project (http:/ /www.esa.int/Mars500),
organized by the European Space Agency (ESA) and the
Institute for Biomedical Problems (IBMP) in Moscow,
was designed to simulate a mission to Mars in duration,
composition of the crew, activities, full life support, and
communication facilities with a Mission Control.

The study protocol was approved in advance by the
Ethics Committee of the University Hospital Gasthuisberg
of Leuven, Belgium, and the ESA Medical Board, which
complied with all guidelines stated in the Declaration
of Helsinki. Each subject provided written informed
consent before participating.

The crew was selected from a pool of 9600 candidates.
Criteria were the same as for the selection of astronauts
(5). A preliminary group of eight candidates (6 months
before the start of Mars500), was submitted to an astro-
naut training program with survival and team building
activities included. After this process, the final group
of six subjects was selected with a diverse cultural and
scientific background: three Russians (a surgeon, a physi-
cian, and an engineer), one Chinese (an astronaut trainer),
and two Europeans (both engineers).

Subjects were confined in the isolation facility at IBMP
in Moscow from the 3™ of June 2010 to the 4™ of November
2011. The lay-out of the isolation facility comprised four
hermetically sealed interconnected habitat modules
resembling a spacecraft having the ability to commu-
nicate with Mission Control on a 24 /7 basis. The total
volume of the habitat modules was 550 m®. Ambient
temperature was maintained constant at 24°C, with a
relative humidity of 35-45%, and artificial lighting con-
ditions of 50 — 300 lux. Facilities included a medical
module (two medical berths, medical and research equip-
ment and a toilet), a habitable module (six compartments,
a main control room and a toilet), a storage module
(physical training facilities, food storage, a greenhouse
and a bathroom), a Mars landing module simulator and
a Martian surface simulator.

Subjects were involved in 105 different scientific pro-
tocols (74 projects from Russia, 15 from ESA, and 16 from
other countries) that assessed physiological, psychological,
biological, and technological aspects of confinement.
All experiments were blindly selected by international
reviewers. Besides measurements during confinement,
also pre and post measurements were taken. The crew
received specific preconfinement training to conduct all
the experiments.

As in the International Space Station (ISS), their sched-
ules were organized in order to maintain 8-h periods
of work, leisure, and sleep. No night shifts were pro-
grammed. Duties were described in detail on an hourly
and daily basis in “cyclograms” (time-charts), which
were distributed every week. Workload was similar
during the different phases of the missions.

The simulated timeline included the undocking from
orbital assembly (15 Jun 2010), transfer to heliocentric or-
bit toward Mars (23 Jun 2010), shifting to spiral orbit to-
ward Mars (24 Dec 2010), entering circular orbit around
Mars (1 Feb 2011), undocking and landing on Mars (12
Feb 2011), egresses on simulated Martian Surface (14, 18
and 22 Feb 2011), ascent and docking (23, 24 Feb 2010), en-
tering into spiral orbit away from Mars (2 Mar 2011),
transfer to heliocentric orbit toward Earth (7 Apr 2011),
and shifting to spiral orbit toward Earth (13 Oct 2011).

Procedure

We obtained 24-hour Holter signals at 10 time points:
in 1 day in the period within the 2 months before con-
finement (Pre); each 2 months during the confinement
period (T1-T8); and in 1 day during the 2nd week after
confinement (Post). T1-T4 measurements correspond to
the outbound journey, while T5-T8 measurements cor-
respond to the inbound journey.

Electrocardiogram signal was recorded using a digital
Holter device. Ventricular depolarizations (R waves)
were detected through the device software. The time
elapsed between R waves (RR intervals) was then com-
puted. Heart rate variability (HRV) indexes were com-
puted in 1-h segments. Premature and lost beats were
identified by an automated filter and replaced by RR
intervals resulting from linear interpolation. Segments
with more than 20% of missing intervals were excluded
from further analysis (11,18).

Time domain analysis was performed on heart rate
by evaluating measures of variation over time. Among
these, RRm (mean duration of RR intervals in millisec-
onds) quantifies the mean heart rate, SDNN (standard de-
viation of RR intervals in milliseconds) represents a coarse
quantification of overall variability, and RMSSD (square
root of the mean squared differences of successive nor-
mal RR) measures short-term heart rate variations (18).

Frequency domain measurements provide an evalua-
tion of the power of the contributing frequencies underly-
ing HRV. Its high-frequency (HF) component (0.15-0.4 Hz)
is related to respiratory sinus arrhythmia and mediated
by parasympathetic activity, whereas the low-frequency
(LF) component (0.04-0.15 Hz) is related to baroreflex
control and depends upon sympathetic and parasympa-
thetic mechanisms. A very low frequency (VLF) compo-
nent (0.003-0.04 Hz) of an uncertain origin is also found
and has been attributed to thermoregulatory fluctua-
tions in vasomotor tone as well as to humoral factors
such as the renin-angiotensin system, with dependence
on the presence of parasympathetic outflow (18,20).

To analyze the frequency components of HRV, the
Discrete Wavelet Transform (DWT) was chosen rather
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than the traditional Fast Fourier Transform (FFT) be-
cause it is not affected by discontinuities or nonstation-
arities (4). Before applying the DWT, the linear trend
and the mean value were subtracted from the signal. In
addition, it was evenly sampled with a frequency of 2.4 Hz
by means of a spline interpolation algorithm and zero
padded to the next higher power of two (4). A nine-level
wavelet decomposition was employed to analyze the
signal, using a Daubechies 4 wavelet function. Using
this decomposition, wavelet levels D2-D9 and A9 repre-
sent the total power (TP, 0-0.6 Hz), wavelet levels D6-
D9 approximately correspond to the very low frequency
band (VLF, 0.0023-0.0375 Hz), wavelet levels D4-D5 to
the low frequency band (LF, 0.0375-0.15 Hz), and wave-
let levels D2-D3 to the high frequency band (HF, 0.15-0.6
Hz). In DWT, the square of the standard deviation of
wavelet coefficients at each level is concordant with the
spectral power of that level (4). Reported values are ex-
pressed as the natural logarithm of TP, HF, LF and VLF;
normalized units (nu) of LF [LF nu = 100XLF/(TP-
VLF)] and HF [HF nu = 100XHF/(TP-VLF)]; and the
ratio between LF and HF (18).

Circadian heart rate variability rhythms are driven by
exogenous cycles of light and darkness, as well as endog-
enous circadian rhythmicity (21). To account for the exog-
enous rhythm, hourly HRV was averaged along wake
and sleep periods. The sleep period was defined as the
time between 23:00 and 07:00 h, according to the fixed
schedule of the crew. HRV differences between sleep and
wake averages were also calculated (13). To account for
the endogenous circadian HRV rhythmicity, a 24-h har-
monic was fitted by applying a partial Fourier analysis to
the hourly means, and its significance was checked by an
F-test. The Chronos-Fit software was used for this pur-
pose (Zuther and Lemmer, Chronos-Fit, http://www.
ma.uni-heidelberg.de/inst/phar/forschungLemmer.
html, 2004). The following parameters were derived from
this method: mesor (the average of the rhythm), ampli-
tude (one half of the difference between the maximum
and the minimum of the fitted function), acrophase (the
lag from midnight to the time of the maximum value in
the model), and proportion variance (the fraction of the
total variance explained by the model).

Statistical Analysis

The differences with respect to the several HRV indi-
ces between different stages in the confinement were as-
sessed by means of a repeated measures ANOVA test,
followed by a Tukey HSD posthoc test. A Mauchly’s
sphericity test was conducted in order to test for the va-
lidity of a univariate approach for ANOVA analysis.
When the sphericity assumption was not valid the
Greenhouse-Geisser correction was applied, followed
by a Bonferroni posthoc test.

RESULTS

A total of 56 (93%) Holter recordings were obtained,
with 23.3 = 0.3 valid 1-h bins. The four missing recordings
corresponded to four different subjects in two different

measurements days (T2 and T3). With exception of one
recording at POST with only six valid segments, each
recording had at least 19 (79%) valid bins. The failed re-
cording was prematurely interrupted during the night;
it was included for the rest activity analyses, since it can
still provide useful information about sleep-wake differ-
ences of HRV (24), but excluded for the circadian analy-
ses, due to the six recorded bins being consecutive and
therefore a cosine curve could not be fitted.

Regarding the sleep-wake analysis of HRV, we aver-
aged consecutive pairs of measurements within confine-
ment (T1 and T2, T3 and T4; T5 and T6; T7 and T8). The
new resulting measures were denoted as: T1-2, T3-4,
T5-6, and T7-8, respectively. This averaging operation
considerably reduced the noise, while the time trend
was preserved. In addition, a possible issue of missing
data was circumvented, since every pair of measure-
ments days had at least one valid record, which was not
the case for the original data. Moreover, it allowed the
calculation of Mauchly’s sphericity test, which could not
be performed for the original data set because it was too
unbalanced. To check the sensitivity of our results to the
specific averaging, we collapsed the data in different
ways and checked whether this gave rise to the same
conclusions (e.g., PRE, T1 to T8, POST; PRE, confine-
ment, POST; PRE, outbound journey, inbound journey,
POST).

Table I shows the significance of HRV changes along
the different measurement days. During wake periods,
repeated measures ANOVA showed significant varia-
tions over time for mean RR, SDNN, RMSSD, In TP, In
VLE, and In HF (Table I). Posthoc analyses revealed that
after the fourth month (T3-4, T5-6, T7-8) mean RR values
were significantly higher than PRE and POST. Also, at
T7-8 values were higher than T1-2, configuring a ten-
dency of increasing mean RR over time (Fig. 1). SDNN,
In TP and In VLF were higher than PRE at all measure-
ment days along confinement (not shown). RMSSD was
higher than PRE after the 4th month (T3-4, T5-6, T7-8)

TABLE I. F VALUES OF SLEEP - WAKE HRV CHANGES ALONG
CONFINEMENT.

Wake Sleep S-w
RRM (ms) 10.04 2.26 0.62 (GQ)
SDNN (ms) 8.34 % 3.28* 0.71 (GG)
RMSSD (ms) 5.44 t 1.32 0.25 (GQ)
In TP (wpc) 5.82 1 1.84 1.16
In VLF (wpc) 8.46 (GQG) * 2.62 (GQ) 1.74
In LF (wpc) 3.13 (GQ) 3.14 (GG) 0.58
In HF (wpc) 4.02 + 1.86 (GG) 0.58 (GQ)
LF (nu) 0.74 2.72% 3.56 *
HF (nu) 0.74 2.72% 3.56*
LF/HF 1.49 (GG) 1.89 (GG) 3.08 *

Shown are F values of univariate repeated ANOVA with 5,25 degrees
of freedom, except for (GG) where degrees of freedom where corrected
by the Greenhouse-Geisser method. RRm, mean of RR interval duration
(ms); SDNN, standard deviation of RR intervals (ms); RMSSD, square
root of the mean squared differences of successive normal RR (ms); TP,
total area power; VLF, very low frequency power; LF, low frequency
power; HF, high frequency power; wpc, wavelet power coefficients; nu,
normalized units. * P < 0.05; + P < 0.01; ¥ P < 0.001.
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(not shown). Ln HF was higher than PRE after the 6th
month (T5-6, T7-8) (Fig. 1).

During sleep periods, repeated measures ANOVA
showed significant variations over time for SDNN, HFnu,
and LFnu (Table I). Posthoc analyses revealed that SDNN
at T5-6 was higher than PRE (not shown), and that
HFnu was lower than PRE at T7-8 (Fig. 1), while LFnu
was concomitantly higher than PRE at that stage (not
shown).

Sleep — wake differences of HFnu, LFnu and LF/HF
showed significant variations over time, as revealed by
repeated measures ANOVA (Table I). Posthoc analyses
revealed that HFnu sleep-wake differences were lower
at T5-6 and T7-8 compared to PRE (Fig. 1), while LFnu
sleep-wake differences were concomitantly reduced but
in the opposite direction (this necessarily holds because
HFnu = 100-LFnu) (not shown). Also, the sleep-wake
difference of LF/HF was lower at T7-8 compared to PRE
(not shown).

When analyzing different comparisons (PRE, T1 to
T8, POST; PRE, confinement, POST; PRE, outbound
journey, inbound journey, POST), we obtained similar
results that lead to the same conclusions.

Regarding the circadian rhythm analysis of HRYV,
Table II depicts the number of measurements in which
HRYV variables showed significant circadian variations.
We identified the variables that showed significant
circadian variations in > 80% of the measured points,
before, during and after confinement. Before confine-
ment, most of HRV variables showed significant circadian
variations, except In LF and In TP. During confinement,
only RRM and RMSSD showed significant circadian
variations. After confinement, apart from RRM and
RMSSD, significant circadian variations were seen again
in In HF, HFnu, LFnu, and L/H. Therefore, except for
RRM and RMSSD, it was not possible to calculate the
circadian parameters that describe the 24-h rhythm of
HRV at all stages, and no statistical comparisons were
possible. Among RRM and RMSSD circadian param-
eters, only RRM mesor showed significant changes
(F(1.92,7.66) = 5.79, P = 0.030), being T3-4, T5-6, T7-8 >
than PRE.

DISCUSSION

The main result of the present study is that during
wake confinement, a progressive decrease in mean heart
rate and a progressive increase in the amplitude of very
low and high frequency components of HRV emerged.
During sleep periods, the relative amplitude of the high
frequency component of HRV decreased. Overall, sleep-
wake differences of HRV showed a progressive decrease
of the relative amplitude of the high frequency compo-
nent of HRV. Also, during confinement most of HRV
variables showed nonsignificant circadian rhythms.

Heart rate oscillations at all frequency levels (VLF, LF
and HF) reflect parasympathetic influences (18,20), while
LF fluctuations are also tightly coupled with synchro-
nous oscillations of efferent sympathetic nervous activ-
ity (20). Thus, the increase during the day in VLF- and
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Fig. 1. RR interval duration and high frequency heart rate variabil-
ity changes along confinement (mean + SEM). Data shown are means
(SEM). Time points during confinement denote averaged bimesters as
described in the text, resulting in six observations for each point. RRm,
mean of RR interval duration (ms); HF, high frequency power; wpc,
wavelet power coefficients; nu, normalized units. a: significantly differ-
ent from pre; b: significantly different from post; c: significantly differ-
ent from T1-2; d: sleep-wake differences at T5-6 and T7-8 significantly
different from sleep-wake differences at PRE. * P < 0.05; t+ P < 0.01;
¥ P <0.001.
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TABLE Il. NUMBER OF MEASUREMENTS WITH SIGNIFICANT HRV
CIRCADIAN VARIATIONS.

PRE (N = 6) CONFINEMENT (N = 44) POST (N = 5)

RRM (ms) 6 (100%) 41 (93%) 5 (100%)
SDNN (ms) 5 (83%) 13 (30%) 2 (40%)
RMSSD (ms) 6 (100%) 38 (86%) 4 (80%)
In TP (wpc) 3 (50%) 7 (16%) 0 (0%)
InVLF (wpc) 5 (83%) 14 (32%) 2 (40%)
In LF (wpc) 4 (67%) 26 (59%) 2 (40%)
In HF (wpc) 6 (100%) 28 (64%) 5 (100%)
LF (nu) 5 (83%) 25 (57%) 4 (80%)
HF (nu) 5 (83%) 25 (57%) 4 (80%)
LF/HF 5 (83%) 23 (52%) 4 (80%)

Shown are frequencies (%) of the number of measurements in which
HRV variables showed significant circadian variations. Confinement
values are totals that include repeated measurements across the same
subjects. RRm, mean of RR interval duration (ms); SDNN, standard de-
viation of RR intervals (ms); RMSSD, square root of the mean squared
differences of successive normal RR (ms); TP, total area power; VLF, very
low frequency power; LF, low frequency power; HF, high frequency
power; wpc, wavelet power coefficients; nu, normalized units.

HF-HRYV and the decrease of normalized HF-HRV during
the night can be explained by an augmented parasym-
pathetic activity during wake periods and a diminished
parasympathetic activity during sleep periods, respec-
tively. The observation that there was only a change
for absolute HRV frequency indexes during wake, but
during sleep only for the relative HRV frequency in-
dexes, may be due to the fact that those indexes reflect
different degrees of parasympathetic predominance,
as seen when passing from standing to supine (higher
values of frequency domain indexes) or when going
from wake to NREM sleep (higher values of normalized
HF%) (24).

As reported by other authors (21), we demonstrated
significant circadian heart rate and HRV rhythms in
basal conditions. These rhythms were mostly lost dur-
ing confinement and only partially restored afterwards.
This observation is consistent with lower sleep-wake
HRV differences reported herein, but also points out
that the endogenous rhythm may be altered by confine-
ment. Although after a short laboratory confinement
period of 13 d HRV still exhibits a significant circa-
dian rhythm (21), no studies were found that reported
changes of circadian HRV over longer periods.

These results are in line with our own observations
during Mars105, where an increase in parasympathetic
activity during wakefulness was reported, even though
no differences were observed during sleep periods.
Factors like prolonged exposure to artificial dim lighting
conditions or changes in mood related to confinement
stressors like boredom were proposed to explain the
reported results (25). Preliminary observations of the
complete simulation study also support our results.
After 250 d of isolation core temperature rhythm seems
to be diminished. This was attributed to end of time-
restrictions on food intake for the crew (10). In addition,
physical daily activity levels decreased significantly over
the course of the study. The immediate reductions in
physical activity after a demanding preisolation period
explained only part of the results. The reductions were

largely driven by more significant changes in the morn-
ing and evening (8). The sleep periods seemed also to be
affected by confinement. Total sleep time and sleep effi-
ciency were reduced, down to values of less than 450 min
and 90%, respectively (14).

The disruption of the circadian rhythm of autonomic
activity described in the present study adds to other
circadian disruptions seen in space missions. As in
Mars500, indoor lighting is of a much lower intensity,
deficient in ultraviolet light and excessive in the light
colors. After about 3 months in space, the influence of
the endogenous circadian pacemaker on oral tempera-
ture and circadian rhythms related to subjective alert-
ness are considerably weakened, probably resulting in
disruptions in sleep. When subjects are in dim light
conditions, such as in a spacecraft, the melatonin cycle
loses its normal rhythm, with high levels in activity pe-
riods and low levels in rest periods (5).

Interestingly, the observed pattern of circadian auto-
nomic activity is similar to other situations where the
synchronization of the endogenous circadian pacemaker
is disrupted by the absence of external cues, like con-
tinuous working under artificial dim lighting (12) or liv-
ing in extreme latitudes (1). Also, the monotony during
the inbound journey may affect mood state, and in turn
contribute to explain the reported results. For example,
depressed patients show a dampening of the amplitude
of heart rate circadian rhythm and of the day-night heart
rate difference, linked to a lesser increase of heart rate
during the day and a reduced decrease at night (19). In
these conditions, studies evaluating 24-h autonomic ac-
tivity are scarce, and our results may help to understand
the disease mechanisms responsible for the associated
increased morbidity. On the other side, astronauts may
benefit from interventions proven to be useful in these
kinds of disorders, like the administration of light ther-
apy or exogenous melatonin (15).

The monotony associated with the second half of the
experiment as reported in qualitative interviews com-
plement the aforementioned observations (16). It could
be argued that monotony among crewmembers shows
inadequate crew preparedness or motivation, as well as
poor organization of the study. This was certainly not
the case because, as detailed in Methods section, the
crew underwent the same selection criteria and training
as astronauts; the habitat was similar to a spacecraft,
with full life support and a 24/7 full mission control;
activities were tightly scheduled as on the ISS, with a
similar workload across the different stages of the con-
finement period; and the mission was set-up with high
fidelity to a real analog of spaceflight, including the sim-
ulation of a Mars descent. Moreover, the scientific struc-
ture of the study comprised 105 different experiments
with pre- and postcontrol measurements, which were
performed with a high degree of success, as reflected by
preliminary reports on the results of Mars500 (8,10,14,16).

The present study is important because autonomic ac-
tivity is related with cognitive performance. For exam-
ple, higher levels of sympathetic activity were associated
with better results in decision making tasks, suggesting
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that a higher basal activation of autonomic nervous sys-
tem is beneficial for subsequent decision-making pro-
cesses (6). In turn, due to the fact that autonomic activity
plays a key role in adapting to a changing environment,
crew members may benefit from training to regulate
their autonomic and central nervous system responses.

The main limitation of this study is that conclusions
are restricted due to the small numbers of subjects
and the absence of a nonconfined control group. This is
typical of this kind of research, where the opportunities
for in-depth studies in life space sciences are sparse, and
there are many confounding factors that are difficult to
control (5). In addition, our results do not necessarily
apply to females, who show a higher basal parasympa-
thetic responsiveness that accounts for a differential
cardiovascular response elicited by weightlessness (9).
Therefore, results from Mars500 are restricted to a highly
selected male population. Finally, it remains to be seen
how these results would translate to real space missions,
where the possibility of not getting back to Earth is a
major stressor.

To conclude, data obtained during the 520-d isolation
experiment revealed diminished amplitude of the circa-
dian rhythm of the autonomic nervous system para-
sympathetic function. Several factors could account for
this observation, including reduced daylight exposure
related to the confinement situation. Further studies
should address the association of these findings with
changes in other physiological rhythms, and if they
adversely affect cognitive performance during long-
duration space missions.
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