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Sleep-Wake Cycle in a Female Crew During
an Earth-Based Martian Analogue Mission

To the Director,

Earth-based analogue missions simulate aspects of space mis-
sions in a controlled, low-risk, and cost-effective environment,
crucial for astronaut preparation. Sleep is a fundamental aspect for
astronauts due to its impact on health, performance, and alertness.
Disrupted sleep can significantly affect mission success and safety,
causing exhaustion, excessive daytime sleepiness, mood alter-
ations, and impaired concentration.!~> Long-term consequences of
sleep disorders are also well-documented.*-” Despite numerous
studies, analogue missions often involve few participants and vary
significantly in design and duration.® The lack of women’s repre-
sentation reflects broader underrepresentation in space missions,
with only 11% of astronauts and 7% of women having performed
spacewalks (UNOOSA).

This observational prospective study was conducted in April
2023 during a 2-week simulation mission at the Mars Desert
Research Station (MDRS), operated by The Mars Society in a remote
location in southern Utah. The facility comprises an enclosed habi-
tat, greenhouse, science dome, two telescopes, maintenance pod,
and vehicles for simulated surface activities. Although MDRS can-
not replicate Martian gravity, solar radiation, circadian rhythm
or atmospheric composition, it accurately mimics social factors,
isolation, Extra-Vehicular Activities (EVAs) protocols, conserving
limited resources of food, water and energy, and structured com-
munication with mission control.

The Hypatia I crew comprised 7 adult women from Catalo-
nia, Spain (age: 36.86+7.67 yr; weight: 59.7145.68 kg; BMI:
21.03 £ 1.66 kg/m?) with diverse academic backgrounds. Informed
consent was obtained and the Ethics Committee on Clinical Inves-
tigation of the Hospital Universitari Germans Trias i Pujol approved
the study (code: PI-23-270).

Participants wore the Fitbit Sense 2 (Fitbit Inc, San Francisco, CA,
USA by Google) smartwatch on their non-dominant wrist through-
out designated 24-h periods, collecting data synced via the Fitbit
app and stored on Fitbit services. Although Fitbit Sense 2 provides
a great deal of data, we focused on the following key variables:
sleep time, wake time (“WASO”, for wake after sleep onset) and
rest time; REM, light and deep sleep duration; and number of awak-
enings. Additionally, participants maintained a daily self-reported
sleep log noting sleep time, instances of daytime sleepiness and
subjective sleep quality.

We defined two assessment periods: simulation and base-
line, each of which divided to account for specific characteristics
(Fig. 1). For instance, the first night pre-simulation considered jet
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lag effects. No sleep data were recorded on April 29-30, as most
of the participants had early morning international flights home.
Separate analyses were conducted for weekends, acknowledging
potential variations in activity and routines. Due to extensive pre-
mission preparations, the baseline period was measured one month
after the mission to better reflect participants’ regular routines.

Sleep, WASO and rest time and REM, light and deep sleep time
have been used for the intra and inter groups analysis. T-Student
test for parametric samples and Wilcoxon test for non-parametric
variables were used to determine statistically significant differ-
ences between groups (simulation and baseline) for each night.
For the intra-groups analysis (comparison between nights of the
same group), repeated measures analysis of variance (ANOVA) for
normally distributed variables and Friedman test for non-normally
distributed variables were used. Bonferroni correction was applied
for multiple groups comparison.

Fig. 2 shows the evolution in sleep time, WASO, rest time,
REM time, light sleep time and deep sleep time parameters dur-
ing simulation (orange) and baseline (blue) periods, with error
bars representing standard deviation for each night. Intra-group
differences (differences in sleep parameters between nights for
both, simulation and baseline periods) were evaluated, revealing
no significant differences during the baseline period. In simulation,
significant differences were found in sleep time (first night sim
vs. last night post-sim, P<0.01), WASO and rest time (last night
pre-sim vs. last night post-sim, P<0.05 and P<0.01 respectively).

Significant differences were observed between simulation and
baseline periods in various sleep parameters (Tables S1 and S2).
Notably, participants experienced decreased REM sleep and less
light sleep (P<0.05) in late night during simulation. The analysis of
self-reported sleep logs reveals an average sleep quality rating of
7.2 during simulation and 7.1 at baseline.

Our investigation revealed differences in sleep quantity and
quality during the simulation compared to baseline.

Participants experienced shorter sleep duration, reduced WASO,
and overall decreased rest time during the analogue mission. These
findings parallel those reported by Chen et al.” in a study involv-
ing a three-member, all-male crew during a 15-day spaceflight; a
temporal window comparable to our study. However, they contrast
with the Mars-500 study,'? where participants showed increased
lethargy and decreased movement during waking hours as the mis-
sion progressed; these trends were not evident during the first
three months and the last 20 days of the mission. A closer analysis
of our study data revealed an initial upward trend in sleep and rest
duration during the first half of the mission, followed by a decline
in the latter half. A more protracted study duration might yield
results similar to those observed in the Mars-500 study. Despite
shorter sleep, relative values found a sleep efficiency (89.94%) and
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Fig. 1. Distribution of the two assessment periods (simulation and baseline) and the dates considered for each period (April 12-May 4 for simulation, and May 28-June 10
for baseline). Weekends are denoted in bold and underlined. The term “sim” is occasionally used to refer to the simulation period.
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Fig. 2. Evolution in sleep time, wake time (WASO), rest time, REM time, light sleep time and deep sleep time parameters during the simulation (orange) and the baseline

(blue) periods. Error bars express the standard deviation.

a WASO (10.05%) within normal ranges. This finding suggests that
participants adjust to a more efficient sleep pattern in response to
their reduced sleep duration during the simulation.

Furthermore, our results revealed reduced REM sleep during
simulation, but with an acceptable mean percentage of 22.71%.
Self-reported sleep logs showed no significant differences in sleep
quality between simulation and baseline periods. Sleep depri-
vation, particularly REM sleep reduction and circadian rhythms
disturbances, can impair alertness and performance.'’' In pre-
vious studies, astronauts report lower subjective rating of sleep
quality during missions,'!"!3 difficulty falling asleep and frequent
sleep interruptions while in orbit.'# In Flynn-Evans et al.’s study'®
astronauts attributed these difficulties to the demanding workload.
Diverse roles within the mission likely contributed to interpersonal
sleep pattern differences and shows that subjective sleep quality
not only depends on sleep duration and percentage of sleep phases,
but also on various other factors.

Women respond differently to sleep disorders and deprivation
compared to men, contributing to specific health outcomes.!617

Although hormonal differences may influence, and menstrual cycle
data was collected, the study’s short duration did not allow for
a complete cycle to be captured, so we decided not include this
information.

While polysomnography remains the gold standard for sleep
studies, it’s impractical for real space missions. Fitbit sense 2 has
proven successful for monitoring sleep and wakefulness,'® despite
the known limitations of older models in accurately determining
sleep stages, especially in individuals with health conditions. How-
ever, technology evolves rapidly, and recent versions have shown
improvements,'® with high sensitivity and accuracy in determining
sleep stages.

The Mars-500 study’s findings on lethargy and reduced phys-
ical activity highlighted the importance of daily exercise routines
in subsequent missions. However, despite conclusive scientific evi-
dence demonstrating the relevance of sleep disturbances, concrete
measures to enhance sleep in real space missions have not been
implemented. Successful attempts to implement countermeasures
were demonstrated in an experiment during the robotic Phoenix
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Mars Lander spacecraft, where mission personnel worked on a Mars
day (24.65 h) for 78 days.2?

In conclusion, our study underscores the intricate relationship
between sleep quantity, quality, individual differences, and mission
demands in simulated space conditions and contributes to bridging
the existing data gap on women'’s health in space.

Acknowledgements

We sincerely thank the Innovation Unit of the Hospital Uni-
versitari Germans Trias i Pujol for their invaluable support and
collaboration throughout our research. Special gratitude goes to
Google for providing the Fitbit Sense 2 devices, essential for data
collection. We appreciate the Mars Society for allowing us to con-
duct ourresearch at the Mars Desert Research Station. Our heartfelt
thanks go to the Hypatia I crew for their voluntary participation
and long-term commitment to scientific research with a gender
perspective. We also acknowledge all individuals and institutions
whose contributions were essential to the success of the Hypatia |
mission, emphasizing that without their support, this project would
not have been possible.

The Hypatia 1 analogue mission received support from the
Catalunya La Pedrera Foundation, the Government of Catalonia, the
Banco Sabadell Foundation, the Girls and Space Club, the Catalan
Foundation for Research and Innovation, and isardSAT. The fund-
ing sources had no involvement in the preparation of this article,
including the study design, data collection, analysis, and interpre-
tation, writing of the report, and the decision to submit the article
for publication.

Appendix A. Supplementary data
Supplementary data associated with this article can be
found in the online version available at https://doi.org/

10.1016/j.arbres.2024.05.034.

References

—_

. Chattu VK, Manzar MD, Kumary S, Burman D, Spence DW, Pandi-Perumal SR. The
global problem of insufficient sleep and its serious public health implications.
Healthcare. 2018;7:1.

2. Ting L, Malhotra A. Disorders of sleep: an overview. Prim Care. 2005;32:305-18,

V.

3. Consensus Conference PanelWatson NF, Badr MS, Belenky G, Bliwise DL, Buxton
OM, et al. Joint consensus statement of the American Academy of Sleep Medicine
and Sleep Research Society on the recommended amount of sleep for a healthy
adult: methodology and discussion. Sleep. 2015;38:1161-83.

4. Jaradat R, Lahlouh A, Mustafa M. Sleep quality and health related problems
of shift work among resident physicians: a cross-sectional study. Sleep Med.
2020;66:201-6.

5. Chan MF. Factors associated with perceived sleep quality of nurses working on
rotating shifts. ] Clin Nurs. 2009;18:285-93.

6. Khan MS, Aouad R. The effects of insomnia and sleep loss on cardiovascular
disease. Sleep Med Clin. 2022;17:193-203.

7. McDermott M, Brown DL, Chervin RD. Sleep disorders and the risk of stroke.

Expert Rev Neurother. 2018;18:523-31.

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

8. Albornoz-Miranda M, Parrao D, Taverne M. Sleep disruption, use of
sleep-promoting medication and circadian desynchronization in spaceflight
crewmembers: evidence in low-Earth orbit and concerns for future deep-space
exploration missions. Sleep Med X. 2023;6:100080.

9. Chen H, Lv K, Ji G, Liu Z, Guo ], Wan Y, et al. Characterization of sleep-wake
patterns in crew members under a short-duration spaceflight. Biol Rhythm Res.
2018;51:392e407.

10. Basner M, Dinges D, Mollicone D, Ecker A, Jones C, Hyder E, et al. Mars 520-d
mission simulation reveals protracted crew hypokinesis and alterations of sleep
duration and timing. Proc Natl Acad Sci USA. 2013;110:2635e40.

11. Dijk D, Neri D, Wyatt ], Ronda ], Riel E, Ritz-De Cecco A, et al. Sleep, circadian
rhythms, and performance during space shuttle missions. The neurolab space-
lab mission: neuroscience research in space results from the STS-90, neurolab
spacelab mission. NASA Technical Reports 2003.

12. Petit G, Cebolla AM, Fattinger S, Petieau M, Summerer L, Cheron G, et al. Local
sleep-like events during wakefulness and their relationship to decreased alert-
ness in astronauts on ISS. NP] Microgravity. 2019;5:10.

13. Barger L, Flynn-Evans E, Kubey A, Walsh L, Ronda ], Wang W, et al. Prevalence
of sleep deficiency and use of hypnotic drugs in astronauts before, during, and
after spaceflight: an observational study. Lancet Neurol. 2014;13:904e12.

14. Locke JP. Survey of on-orbit sleep quality (sleep quality questionnaire). NASA
ground-based investigations: behavior and performance program. Houston:
Johnson Space Center; 2009.

15. Flynn-Evans E, Barger L, Kubey A, Sullivan ], Czeisler C. Circadian misalignment
affects sleep and medication use before and during spaceflight. NPJ Microgravity.
2016;2.

16. Pengo MF, Won CH, Bourjeily G. Sleep in women across the life span. Chest.
2018;154:196-206.

17. Mehta N, Shafi F, Bhat A. Unique aspects of sleep in women. Mo Med.
2015;112:430-4.

18. Eylon G, Tikotzky L, Dinstein I. Performance evaluation of Fitbit Charge 3 and
actigraphy vs. polysomnography: sensitivity, specificity, and reliability across
participants and nights. Sleep Health. 2023;9:407-16.

19. Lim S, Kim H, Lee S, Bae K, Baek Y. Validation of fitbit inspire 2TM against
polysomnography in adults considering adaptation for use. Nat Sci Sleep.
2023;15:59-67.

20. Barger LK, Sullivan JP, Vincent AS, Fiedler ER, McKenna LM, FlynnEvans EE, et al.
Learning to live on a mars day: fatigue countermeasures during the phoenix
mars Lander mission. Sleep. 2012;35:1423-35.

Carla Conejo-Gonzalez®!, Georgina Company-SeP-¢1,
Aida Mufioz-Ferrerd-¢-*, Ignacio Vicente 9-¢,
Anna Nifiez9, Jorge Abad 4-¢

a Executive Officer & Crew Biologist of Hypatia I, Hypatia Mars
Association, Barcelona, Spain

b Northern Metropolitan Territorial Management, Hospital
Universitari Germans Trias i Pujol, Badalona, Spain

¢ Department of Electronic Engineering, Universitat Politécnica de
Catalunya, Barcelona, Spain

d Sleep Medicine Unit, Respiratory Medicine Department, Direcci6
Clinica de I'Area del Torax, Hospital Universitari Germans Trias i
Pujol, Badalona, Spain

€ Fundaci6 Institut d’Investigacié en Ciéncies de la Salut Germans
Trias i Pujol, Department of Respiratory Medicine, Badalona, Spain

Corresponding author.

E-mail address: amunoz.germanstrias@gencat.cat

(A. Mufioz-Ferrer).

1 Carla Conejo-Gonzalez and Georgina Company-Se are equal
contributors to this work and designated as co-first authors.


https://doi.org/10.1016/j.arbres.2024.05.034
https://doi.org/10.1016/j.arbres.2024.05.034
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0105
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0110
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0115
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0120
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0125
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0130
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0135
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0140
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0145
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0150
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0160
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0165
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0170
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0175
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0180
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0185
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0190
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0195
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00216-3/sbref0200
mailto:amunoz.germanstrias@gencat.cat

	Sleep–Wake Cycle in a Female Crew During an Earth-Based Martian Analogue Mission
	Acknowledgements
	Appendix A Supplementary data
	References


