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Amoonshot for female astronaut health, a
win for all astronauts and space
exploration

Check for updates

Ruth M. Farrell1 , Jennifer A. Fogarty2, Marisa Covington2, Mary Van Baalen3,
Serena Aunon-Chancellor4 & Jon G. Steller5

Given the increasing involvement of female astronauts in advancing our knowledge of human capacity for long-
duration spaceflight, it is critical to determine how to ensure their health and safety, as well as optimize their
performance. This commentary discusses thepriority to leverage the strengthsof innovative collaborations and
scientific approaches to enable the identificationof potential risks and establish effective countermeasures that
will ultimately support the success of space exploration.

There has been a significant increase in women participating in spaceflight
over the past decade.More female astronauts than ever have flown on space
missions orwillfly in the coming years as a part of growing government and
commercial space efforts. As a result, more women are exposed to the risks
of spaceflight for longer durations than in the past. At the same time,
significant gaps in our scientific understanding ofwomen’s health have been
recognized through recent initiatives that include studying conditions
specific to women (e.g., fibroids), conditions that disproportionately impact
women (e.g., osteoporosis), and conditions that affect women differently
than men (e.g., cardiovascular disease, specific cancers)1–3. In turn, major
research initiatives are now prioritizing women’s health research to fuel the
delivery of high-quality and patient-centered healthcare to women. Given
the increasing involvement of female astronauts in advancing our knowl-
edge of human capacity for long-duration spaceflight, it is critical to
determine how to ensure their health and safety as well as optimize their
performance. These data are of value as they also inform how to ensure
health and quality of life for those on Earth.

Despite recent advances in research,many questions remain regarding
the risks of spaceflight. Those risks include exposure to microgravity,
radiation, acceleration, vibration, hypobaric conditions, isolation, and high
levels of stress while working within the confines of a spacecraft. Data
determining the effects of spaceflight on all human organ systems
(including, but not limited to, the genitourinary system) are essential to
establishing effective countermeasures to prevent spaceflight-associated
morbidity andmortality for all astronauts. These data are also necessary for
pre-flight risk mission planning, in-flight risk mitigation, and post-flight
recovery and reproductive health maintenance4–6.

The problem is that, to date,most of the existing information about the
risks and outcomes of spaceflight pertains to male astronauts. There is far
less data about the impact of spaceflight-associated exposures on female
astronauts7,8, limiting the ability to inform key decisions about human

health and performance requisite for successful spaceflight missions. These
limitations will become increasingly significant as missions of longer
duration and distances from Earth take place. In the coming years, we will
see the return of humans to theMoonwith theArtemismissions, whichwill
include female astronauts who work in lunar orbit and walk on the Moon.
There is also ongoing planning formissions toMars, whichwill require data
to inform the care of humanbeings formissions thatmay last for years, with
the increased complexity of significantly delayed (or absent) communica-
tion, limited resources, and the inability to rapidly return to Earth for
definitive care.

Learning from the past
History gives a compelling reason to investigate the differences between
male and female astronauts. Until the late 20th century, animal and
human research focused investigations on males without seeking
equivalent information among females9,10. Fewer women were included
in trials; this may be due, in part, to the fact that studies often excluded
women of reproductive age. Such restrictions stemmed from fears about
the reproductive repercussions of research participation or because
certain health issues were erroneously thought to occur predominantly in
men (e.g., the risk of myocardial infarction)3. Other studies included
women but presented insurmountable barriers to their study participa-
tion or did not focus on outcomes of interest for them. As a result,
essential information was missing or limited regarding the safety and
efficacy of numerous drugs and procedures in women. This, in turn,
contributed to serious and avoidable medical and ethical harms for
women, who experienced higher rates of adverse events and side effects
when using an intervention11,12. In response, major research institutions
moved towards a policy of requiring sex to be examined as a biological
variable when designing, conducting, and reporting findings for all
human and animal research13,14. Thus, sex-based variances in outcomes
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can now be identified and understood, leading to opportunities to per-
sonalize healthcare to the needs of all patients.

The present state
There are important reasons to study sex-based differences between male
and female astronauts. Studies show that many physiological processes,
illnesses, and diseasesmanifest differently amongwomen andmenwho live
and work on Earth. Examples include cardiovascular, metabolic, and
autoimmune diseases, with additional sex-based differences noted in the
types and rates of malignancies15,16. While predictive modeling using
existing terrestrial and spaceflight outcomes data has been created, it
remains unknown how such differences will manifest in space with its
unique environmental exposures, particularly with long-duration
spaceflight.

Despite these differences, there have been a limited number of studies
involving female astronauts and comparing outcomes to those of theirmale
counterparts. This is due largely because, historically, fewer women have
flownon spacemissions compared tomen, leading to fewer opportunities to
collect information about spaceflight risks and effective countermeasures.
Further, there have been a limited number of studies focused on either sex-
based differences or sex-specific health issues of female astronauts during or
after spaceflight.

While gynecologic and reproductive function are specific scientific
questions for this population of astronauts, there are many other questions
about the impact of spaceflight across all organ systems. For instance, sex-
based trends have already been observed among some of the conditions
observed in astronauts. Clinical Spaceflight Associated Neuro-ocular Syn-
drome (SANS) initially appeared more common in male astronauts than
female astronauts, though emerging data may suggest otherwise 7,17–21.
Conversely, post-flight orthostatic intolerance and related cardiovascular
changes were observed at a higher rate among female astronauts than their
male counterparts. However, studies show that there may be other phy-
siological factors unrelated to biological sex driving these changes22–25. Why
these apparent sex-based differences exist is yet unknown and requires
continuedmomentum for rigorous researchdetermining howbiological sex
may play a role and developing the appropriate and personalized counter-
measures to prevent them.

Specific to reproductive and gynecologic function, fundamental
questions exist about the impact of the spaceflight environment on the
normal hormonal regulation of the menstrual cycle in humans. There
remains a gap in scientific understanding about whether or how the
hypothalamic-pituitary-gonadal axis may function during spaceflight, fac-
tors that may lead to abnormal uterine bleeding, and other associated
conditions that may require medical management during the mission.
Animalmodel data contribute tounderstanding the impact of spaceflight on
function, though they cannot replace human studies. While emerging
clinical research is beginning to close the gap26,27, additional research in
humans is needed. There is also aneed to identify the effects ofmicrogravity,
radiation, and other potential hazards of spaceflight on complex systems
that contribute to gynecological health (e.g., the vaginal microbiome) and
common gynecological conditions (e.g., fibroids, adenomyosis, and endo-
metriosis). Additionally, there is a paucity of information about ovarian
function and the risk of premature ovarian insufficiency (POI), which not
only may affect reproductive potential post-flight but also may con-
comitantly exacerbate the risks of menopause-associated symptoms and
conditions (e.g., cardiovascular disease and osteoporosis), with significant
implications for in-flight and post-flight health28.While research suggest an
increased rate of POI among Gulf War Veterans, which is suspected to be
due to exposures contributing to ovarian damage, the incidence among
female astronauts is unknown29. Furthermore, robust investigation is lack-
ing to better understand how the use of countermeasures, such as hormonal
modalities, to mitigate the gynecologic pathologies for female astronauts
may simultaneously increase or decrease risks of abnormal uterine
bleeding, anemia, ovarian cyst formation, osteopenia, and venous
thromboembolism30–32.

Opportunities on the horizon
There are several opportunities to investigate sex-specific and sex-
dependent conditions that will increase data about the health, well-being,
andperformance of female astronauts. These data, in turn,will contribute to
developingmore nuanced risk identification and countermeasure strategies
for all astronauts, with broader applicability to inform the health of women
living on Earth. Efforts are underway to identify gaps in data applicable to
female astronauts and the research steps needed to characterize female
response and sex differences. Terrestrial analogs and predictive risk models
provide important insight to inform hypotheses, scientific methodologies,
and outcomes for future scientific investigations33,34. However, data from
astronauts working in human spaceflight’s complex systems engineering
domain is needed to inform strategies that prevent harm to the individual
astronaut, the crew, and themission. To continuemoving the field forward,
we advocate for the characterizationof sex-specific responses to the stressors
of spaceflight, in conjunction with the identification of predisposing factors
of individual variability.

The growth of government and commercial spaceflight efforts
presents one opportunity to conduct this type of research and apply
findings to practical guidance. These efforts present the chance to forge
stronger cross-collaboration in developing research agendas that build
off the strengths of each sector, identifying data gaps and developing
research priorities. Such private-public collaborations would increase the
number of women participating in research and would make it possible
to conduct more rigorous, high-impact research that employs sex as a
biological variable to understand differences across a broader spectrum
of diseases and conditions. These collaborations may also pave the way
for innovative team science, bringing together different disciplines to
leverage emerging computing, conceptual frameworks, predictive mod-
els, basic science, and biomedical technologies to accelerate discovery. As
the total number of female astronauts increases and more data become
available, these collaborations would make it possible to unite metho-
dological approaches consistent with women’s health research, which
focuses on conditions that aremore common,manifest differently, or are
understudied in women and would enable analyses comparing findings
across subgroups of female astronauts.

There are also opportunities to ensure that the research that takes
place addresses the needs of female astronauts so that we may deliver
nuanced patient-centered healthcare and individualized counter-
measures. Research agendas that identify priorities and approaches to
advance science should be developed with past, current, and future
female astronauts as key stakeholders. The scientific aspects of the
study, including study methodologies and outcomes, should incorpo-
rate their interests with the perspectives of aerospace medicine, obste-
trician-gynecologists, and women’s health clinicians as subject matter
experts who can also speak to the risks of spaceflight and the potential
impact of anatomical, physiological, and pharmacokinetic differences
between males and females for countermeasure preparedness. These
conversations should involve researchers across the different dis-
ciplines relevant to space exploration to determine how to leverage
scientific approaches, such as artificial intelligence, omics, bior-
epositories, and appropriate analogs, to answer key questions about
astronauts’ health and performance. Female astronauts should also
have a lead role in defining acceptable risks of research and human
subject protections, including the protection of potentially sensitive
data regarding genetic testing and sexual or reproductive health.
Finally, their input is critical to establishing pathways for implementing
research findings into practice and informing decisions about their
health and participation in spaceflight.

The future of human spaceflight is dependent upon the health, per-
formance, and readiness of all crewmembers. Thus, this is the time to
institute a high-impact and robust research agenda to advance scientific
understanding of the impact of spaceflight on female astronauts. Such
directed effortswould bring together key stakeholders focused on the health
of female astronauts to create a consolidated effort toward scientific
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discovery and implementation of data into effective strategies to support
health and performance. Scientific communities have the opportunity to
take the lead in developing and operationalizing this agenda. Given female
astronauts’ role in human exploration, scientists, medical specialists, and
policymakers must collaborate with female astronauts to conduct research
that answers themost important questions about their health before, during,
and after flight. Leveraging the strengths of innovative collaborations and
scientific approaches will enable us to identify potential risks and establish
effective countermeasures that will ultimately support the success of space
exploration.

Data availability
No datasets were generated or analyzed during the current study.

Received: 25 February 2025; Accepted: 18 June 2025;

References
1. Institute of Medicine Committee on Women’s Health Research.

Women’s Health Research: Progress, Pitfalls, and Promise.
Methodologic Issues in Women’s Health Research (National
Academies Press, 2010).

2. National Institutes of Health. Five strategic goals for women’s health
research at the NIH. https://orwh.od.nih.gov/in-the-spotlight/all-
articles/five-strategic-goals-womens-health-research-nih (2019).

3. Institute of Medicine (US) Committee on the Ethical and Legal Issues
Relating to the Inclusion ofWomen in Clinical Studies;Mastroianni, A.
C., Faden, R., Federman, D. (eds)Women and Health Research:
Ethical and Legal Issues of Including Women in Clinical Studies:
Volume2:Workshop andCommissionedPapers (National Academies
Press, Washington, DC, USA, 1999). Justice and the inclusion of
women in clinical studies: a conceptual framework.

4. Childress, S. D., Williams, T. C. & Francisco, D. R. NASA Space Flight
Human-System Standard: enabling human spaceflight missions by
supporting astronaut health, safety, and performance. npj
Microgravity 9, 31 (2023).

5. Patel, Z. S. et al. Red risks for a journey to the red planet: the highest
priority humanhealth risks for amission toMars.npjMicrogravity6, 33
(2020).

6. Antonsen,E. L.Updates to theNASAhumansystemriskmanagement
process for space exploration. npj Microgravity 9, 72 (2023).

7. Hughes-Fulford, M., Carroll, D. J., Allaway, H. C. M., Dunbar, B. J. &
Sawyer, A. J. Women in space: a review of known physiological
adaptations and health perspectives. Exp. Physiol. 1–24. https://doi.
org/10.1113/EP091527 (2024).

8. Steller, J. G. et al. Gynecologic riskmitigation considerations for long-
duration spaceflight. Aerosp. Med. Hum. Perform. 91, 543–564
(2020).

9. Merone, L., Tsey,K., Russell, D.&Nagle,C.Sex inequalities inmedical
research: a systematic scoping review of the literature.Womens
Health Rep. 3, 49–59 (2022).

10. Balch, N. Why we know so little about women’s health. AAMC News
https://www.aamc.org/news/why-we-know-so-little-about-women-
s-health (2024).

11. Zucker, I. & Prendergast, B. J. Sex differences in pharmacokinetics
predict adverse drug reactions inwomen.Biol. SexDiffer.5, 32 (2020).

12. Inacio, M. C. et al. Sex and risk of hip implant failure: assessing total
hip arthroplasty outcomes in the United States. JAMA Intern. Med.
173, 435–441 (2013).

13. Arnegard, M. E., Whitten, L. A., Hunter, C. & Clayton, J. A. Sex as a
biological variable: a 5-year progress report and call to action. J.
Womens Health 29, 858–864 (2020).

14. Denfeld, Q. E., Lee, C. S. & Habecker, B. A. A primer on incorporating
sex as abiological variable into the conduct and reportingof basic and

clinical research studies. Am. J. Physiol. Heart Circ. Physiol. 322,
H350–H354 (2022).

15. Patwardhan, V. et al. Differences across the lifespan between females
and males in the top 20 causes of disease burden globally: a
systematic analysis of the Global Burden of Disease Study 2021.
Lancet Public Health 9, e282–e294 (2024).

16. Siegel, R. L., Kratzer, T. B., Giaquinto, A. N., Sung, H. & Jemal, A.
Cancer statistics, 2025. CA Cancer J. Clin. 75, 10–45 (2025).

17. Barr, Y. et al. Differential VIIP incidence and severity amongmale and
female astronauts. Aviat. Space Environ. Med. 85, 237 (2014).

18. Yang, J. W. et al. Spaceflight-associated neuro-ocular syndrome: a
review of potential pathogenesis and intervention. Int. J. Ophthalmol.
15, 336–341 (2022).

19. Ong, J. et al. Spaceflight associated neuro-ocular syndrome:
proposed pathogenesis, terrestrial analogues, and emerging
countermeasures. Br. J. Ophthalmol. 7, 895–900 (2023).

20. Brunstetter, T. J. et al. Severe spaceflight-associated neuro-ocular
syndrome in an astronaut with 2 predisposing factors. JAMA
Ophthalmol. 142, 808–817 (2024).

21. Laurie, S. et al. Evidence report: risk of spaceflight associated neuro-
ocular syndrome (SANS). Evidence Report. Human Research
Program: Human Health Countermeasures Element, Houston, TX:
Lyndon B. Johnson Space Center (2022).

22. Waters,W.W., Ziegler,M.G. &Meck, J. V. Postspaceflight orthostatic
hypotensionoccursmostly inwomenand is predictedby lowvascular
resistance. J. Appl. Physiol. 92, 586–594 (2022).

23. Platts, S. H. et al. Effects of sex and gender on adaptation to space:
cardiovascular alterations. J. Womens Health 23, 950–955 (2014).

24. Hoyt, A. T. et al. Orthostatic intolerance among female astronauts:
future research priorities. NASA/TM-20210015293 (National
Aeronautics and Space Administration, 2021).

25. Meck, J. V. et al. Mechanisms of postspaceflight orthostatic
hypotension: low α1-adrenergic receptor responses before flight and
central autonomic dysregulation post-flight. Am. J. Physiol. Heart
Circ. Physiol. 286, H1486–H1495 (2004).

26. Kikina, A. Y. et al.Weightlessness leads to an increase granulosa cells
in the growing follicle. NPJ Microgravity 10, 70 (2024).

27. Mathyk, B. et al. Understanding how space travel affects the female
reproductive system to the Moon and beyond. npj Womens Health 2,
20 (2024).

28. Podfigurna-Stopa, A. et al. Premature ovarian insufficiency: the
context of long-term effects. J. Endocrinol. Invest. 39, 983–990
(2016).

29. Haas, C. E. et al. Military exposures and early menopause: findings
from the Gulf War cohort study. Presented at 2024 Annual Meeting
of The Menopause Society. Chicago, Illinois. September 10–14
(2024).

30. Steller, J. G. et al.Menstrualmanagement considerations in the space
environment. Reach 23, 100044 (2021).

31. Jain, V., Ploutz-Snyder, R., Young, M., Charvat, J. M. & Wotring, V. E.
Potential venous thromboembolism Risk in female astronauts.
Aerosp. Med. Hum. Perform. 91, 432–439 (2020).

32. Auñón-Chancellor, S. M., Pattarini, J. M., Moll, S. & Sargsyan, A.
Venous thrombosis during spaceflight. N. Engl. J. Med. 382, 89–90
(2020).

33. Reyes, D. P., Masterova, K. S., Walton, M., Kerstman, E. L. &
Antonsen, E. L. Assessment of sex-dependent medical outcomes
during spaceflight. J. Womens Health 31, 1145–1155 (2022).

34. Keenan, A. et al. The integrated medical model: a probabilistic
simulation model predicting in-flight medical risks. In International
Conference on Environmental Systems, Bellevue, WA (2015).

Acknowledgements
None

https://doi.org/10.1038/s41526-025-00495-8 Brief communication

npj Microgravity |           (2025) 11:38 3

https://orwh.od.nih.gov/in-the-spotlight/all-articles/five-strategic-goals-womens-health-research-nih
https://orwh.od.nih.gov/in-the-spotlight/all-articles/five-strategic-goals-womens-health-research-nih
https://orwh.od.nih.gov/in-the-spotlight/all-articles/five-strategic-goals-womens-health-research-nih
https://doi.org/10.1113/EP091527
https://doi.org/10.1113/EP091527
https://doi.org/10.1113/EP091527
https://www.aamc.org/news/why-we-know-so-little-about-women-s-health
https://www.aamc.org/news/why-we-know-so-little-about-women-s-health
https://www.aamc.org/news/why-we-know-so-little-about-women-s-health
www.nature.com/npjmgrav


Author contributions
R.F., J.F., and J.S. developed the conceptual framework for the paper and
wrote themainmanuscript text.M.V.,MC,andS.A.C. contributed tobuilding
the conceptual framework and writing the manuscript. All authors reviewed
the manuscript and provided their authorization for submission.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
Ruth M. Farrell.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’snoteSpringerNature remainsneutralwith regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to thematerial. If material
is not included in thearticle’sCreativeCommons licenceandyour intended
use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2025

https://doi.org/10.1038/s41526-025-00495-8 Brief communication

npj Microgravity |           (2025) 11:38 4

http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/npjmgrav

	A moonshot for female astronaut health, a win for all astronauts and space exploration
	Learning from the past
	The present state
	Opportunities on the horizon
	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




