
Broadening the selection criteria for Astronauts undertaking long–term
space travel

Downloaded from: https://research.chalmers.se, 2026-04-04 16:56 UTC

Citation for the original published paper (version of record):
Yasuda, H., Sihver, L. (2022). Broadening the selection criteria for Astronauts undertaking long–term
space travel. Frontiers in Nuclear Medicine, 2. http://dx.doi.org/10.3389/fnume.2022.997718

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



TYPE Opinion
PUBLISHED 04 November 2022| DOI 10.3389/fnume.2022.997718
EDITED BY

Gabriel G. De La Torre,

University of Cádiz, Spain

REVIEWED BY

Cyril Schandorf,

University of Ghana, Ghana

Livio Narici

University of Rome Tor Vergata, Italy

*CORRESPONDENCE

Hiroshi Yasuda

hyasuda@hiroshima-u.ac.jp

SPECIALTY SECTION

This article was submitted to Dosimetry and

Radiation Safety, a section of the journal

Frontiers in Nuclear Medicine

RECEIVED 19 July 2022

ACCEPTED 12 October 2022

PUBLISHED 04 November 2022

CITATION

Yasuda H and Sihver L (2022) Broadening the

selection criteria for Astronauts undertaking

long–term space travel.

Front. Nucl. Med. 2:997718.

doi: 10.3389/fnume.2022.997718

COPYRIGHT

© 2022 Yasuda and Sihver. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.
Frontiers in Nuclear Medicine
Broadening the selection criteria
for Astronauts undertaking
long–term space travel
Hiroshi Yasuda1* and Lembit Sihver2,3,4

1Research Institute for Radiation Biology and Medicine, Hiroshima University, Hiroshima, Japan,
2Technische Universität Wien - Institute of Atomic and Subatomic Physics, Wien, Austria,
3Department of Physics, Chalmers University of Technology, Gothenburg, Sweden, 4Department of
Radiation Dosimetry, Nuclear Physics Institute of the CAS, Prague, Czech Republic

KEYWORDS

astronaut, space travel, radiation exposure, health risk, deep space mission
One of the major concerns in future deep space missions to the moon and Mars is the

increased radiological risk of astronauts. They will be exposed to enhanced levels of

ionizing radiation from natural sources, such as galactic cosmic radiation, radiation

from the Sun including high-energy charged particles at solar particle events (SPEs),

and radiation belts surrounding the Earth (1, 2). The accumulated radiation dose over

a long-term mission to Mars is estimated to reach 1 Sv or more, depending on

duration, shielding and time in the solar cycle (3). Although it is a rare event, SPE

particles could further increase their doses to a serious level up to as high as 10 Gy

(4), which is far beyond the dose limit for radiation workers (5), and could induce

severe acute deterministic effects such as deterioration of blood-forming function (6),

reproductive potential (7), cataract (8) and even death by acute radiation syndrome.

With these concerns, space agencies such as the National Aeronautics and Space

Administration (NASA) of the USA and Japan Aerospace Exploration Agency (JAXA)

have developed dose-limitation criteria for controlling the space radiation exposure of

astronauts below an acceptable level. Table 1 shows the previous career dose limits for

NASA (1) and the current limits for JAXA (9) astronauts involved in low-Earth-orbit

missions. The limits of NASA were determined to constrain the increasing cancer risk

incurred by an astronaut to 3%; more precisely, the limits for NASA astronauts were

not to exceed 3% risk of exposure-induced death from fatal cancers at a 95%

confidence level based on a statistical assessment of the uncertainties in the risk

projections (10). As the unit–dose cancer risk generally increases with age (5, 11, 12),

the dose limit became higher for older astronauts than that for young ones. In addition,

at the same age range, a limit value for female astronauts was higher than that for male

ones, reflecting the fact that the breast has a notably higher radiosensitivity (5, 11, 12).

As inferred from the values in Table 1, these dose-limitation criteria allowed older

male astronauts to have more opportunities of space travel than young or female

astronauts, which could be regarded as a problem of inequality. Then, the National

Academy of Sciences (NAS) in United States recently made a recommendation of

applying a 600 mSv age and gender independent career limit of effective dose based

on a median estimate to reach 3% cancer fatality for 35-year-old females (13),

withdrawing the age and gender specific limits. This recommendation is expected to

allow equivalent flight opportunities for all male/female astronauts of different ages
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TABLE 1 Previous career dose limits for the astronauts of NASA (USA)
(1) and current limits for JAXA (Japan) (9) involved in low-earth-orbit
space missions.

Space agency (country) Male (Sv) Female (Sv)

NASA (USA) 1.5 Sv for 25 y 1.0 Sv for 25 y
2.5 Sv for 35 y 1.75 Sv for 35 y
3.25 Sv for 45 y 2.5 Sv for 45 y
4.0 Sv for 55 y 3.0 Sv for 55 y

JAXA (Japan) 0.6 Sv for 27 y 0.5 Sv for 27 y
0.7 Sv for 31 y 0.6 Sv for 31 y
0.8 Sv for 36 y 0.65 Sv for 36 y
0.95 Sv for 41 y 0.75 Sv for 41 y
1.0 Sv for 46 y 0.8 Sv for 46 y

The limit value is given as effective dose for the age of the first flight exposure.
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(13). Following this recommendation of NAS, NASA updated

the standards for crew health in 2022 (14). In the new

standards, the total career effective dose of an astronaut due

to space flight radiation exposure shall be less than 600 mSv

and this limit is universal for all ages and sexes. It is also

required that radiation exposure from all sources below the

limit shall be further minimized following the principle of “as

low as reasonably achievable (ALARA)”.

This concept has been criticized by some researchers for the

reason that it could have negative impacts on crew health and

safety and violate the principles of radiological protection (15).

It is worried also that such a lower annual dose limit would

make a Mars mission unfeasible since the cumulative dose in

one mission is expected to far exceed 600 mSv. While,

recognizing the fact that the risk of radiation-induced cancer

can considerably change among individuals and also under

different radiation dose rates, the National Aeronautics and

Space Administration (NASA) had requested National Council

on Radiation Protection and Measurements (NCRP) in United

States to evaluate the risk of radiation-induced lung cancer in

populations exposed to chronic or fractionated radiation to

learn whether differences exist when exposures occur gradually

over years contrasted with the acute exposure received by the

Japanese atomic-bomb survivors. In response to the request

from NASA, NCRP launched a scientific committee and have

been working to prepare a commentary (16) on this issue with

accompanying recommendations for NASA.

Considering such a fluid situation on the radiological

protection criteria for astronauts, the authors like to present

here a different viewpoint which might mitigate the ongoing

discussion on radiological protection of astronauts. Apart

from the possible ethical issue of discriminating people by age

or gender, it is known that elderly people have generally more

health problems related to aging. Any person inevitably

becomes vulnerable with age through various types of

deteriorative changes due to many causes (17, 18), although

the pace of aging varies among individuals (19, 20). Some of

the typical aging symptoms that could be commonly

experienced before age 65 years (general retirement age in

many countries) are as follows:

- Loss of muscle mass and strength (21)

- Weakening and embrittlement of bones (osteoporosis) (22)

- Loss of arterial elasticity (atherosclerosis) and other

cardiovascular changes (23)

- Difficulty in focusing eyes on close objects (presbyopia)

- Lowering hearing ability of ears (presbycusis)

- Cardiovascular diseases

- Menopause associated with hot flash, disruption in sleep,

subsequent osteoporosis, etc.

In addition, risks for cognitive impairment (dementia,

Alzheimer’s disease, Parkinson’s disease, etc.) (24), cataracts (8),

and carcinogenesis (12, 23) increase with age. With advancing
Frontiers in Nuclear Medicine 02
age, individuals also tend to have difficulty coping with various

stresses such as strenuous exercise and environmental changes;

and those stresses tend to cause functional deterioration of

some of their organs such as the heart, urinary organs, and

brain. The senescence-associated health deterioration can be

different between male and female people, as women have

some biological advantage related to their ability to bear a child

and the physiological systems that permit pregnancy (25).

For preventing the occurrence of a serious problem caused by

the aging of astronauts in long-term deep-space mission, it is

desirable to carefully consider all possible age- and gender-

related deterioration of health when selecting the astronauts

who will take up difficult tasks during a long space mission for

up to few years. While young astronauts are generally tough

and swiftly acting, experienced older astronauts are more

knowledgeable and prudent, which would make them more

reliable when facing unexpected troubles. The current criteria

of NASA on crew health management (14) does not clearly

indicate how to evaluate and balance the unique competences

of individual astronauts who will work together for a long

period in the same mission. According to these facts, the

authors propose to deal with the age- and gender-dependent

radiation sensitivity as one of the major qualifications required

for astronauts involved in a deep space mission.

The conceptual basis of this idea can be illustrated with a

radar chart as shown in Figure 1. This chart has six axes of

major requirements on qualifications of astronauts with two

example patterns of typical scores of young and older

astronauts. The requirements assumed here are (1) physical

strength related to muscles, bones, and cartilage; (2)

physiological soundness related to cardiovascular, renal,

digestive, respiratory, and immune systems; (3) sensory

capability related to perceptions with eyes, ears, nose, and

nerves; (4) cognition and memory related to the neuroimaging

functions mainly controlled by brain; (5) knowledge and

judgement supported by acquired intellectual base and

experience; and (6) radiological health which could be

quantified as an inverse quantity of radiation sensitivity

regarding carcinogenesis. Older astronauts could have higher
frontiersin.org
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FIGURE 1

Example of scoring in regard to major requirements on qualification of astronauts and assumed typical scores of young and old candidates.
Radiological health (i.e., the inverse of radiosensitivity) should be one of the requirements for astronauts involved in long-term space missions.
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scores on the knowledge, judgement and radiological health,

while their scores on physical strength, physiological soundness,

sensory capability, and cognitive functions would be lower.

For the success of future deep-space missions, it will be

crucial to carefully select healthy astronauts who can show

strength against not only psychosomatic stress including

radiation-induced cancers, but also the inevitable aging effects

during a long traveling period of up to few years; possible

appearance of different-quality age-associated symptoms

should be projected in the process of crew selection. In this

sense, a routine health surveillance programme based on the

general principles of occupational health will take a vital role

for assessing the initial and continuing fitness of the

astronauts for achieving their intended tasks as a team in a

specific space mission. With these efforts, it is expected that

a well-balanced team of male and female astronauts covering

a broad range of age will be formed, so that the scores

regarding all requirements as shown in Figure 1 could be

maximized as a whole.

In conclusion, the diversity in formation of a team of

astronauts is preferably to be pursued for successful deep

space missions in the future. For this, further studies for
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overcoming various aging-related health issues are needed to

smash the current highest score.
Author contributions

HY: conceptualization, investigation and original draft

preparation. LS: review, editing and supervision. All authors

contributed to the article and approved the submitted version.
Acknowledgments

The authors acknowledge continuous support of colleagues
from Hiroshima University.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fnume.2022.997718
https://www.frontiersin.org/journals/nuclear-medicine
https://www.frontiersin.org/


Yasuda and Sihver 10.3389/fnume.2022.997718
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their
Frontiers in Nuclear Medicine 04
affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. National Council on Radiation Protection and Measurements (NCRP).
Recommendations of dose limits for low earth orbit. Bethesda, MD: NCRP
Report No. 132. NCRP (2000).

2. International Commission on Radiological Protection (ICRP). Assessment of
radiation Exposure of astronauts in space. London: ICRP Publication 123. Ann.
ICRP 42(4). SAGE (2013).

3. Cucinotta FA, Schimmerling W, Wilson JW, Peterson LE, Badhwar GD,
Saganti PB, et al. Space radiation cancer risks and uncertainties for Mars
missions. Radiat Res (2001) 156:682–8. doi: 10.1667/0033-7587(2001)156[0682:
SRCRAU]2.0.CO;2

4. Townsend LW, Stephens Jr. DL, Hoff JL, Zapp EN, Moussa HM, Miller TM,
et al. The Carrington event: possible doses to crews in space from a comparable
event. Adv Space Res (2006) 38:226–31. doi: 10.1016/j.asr.2005.01.111

5. International Commission on Radiological Protection (ICRP). 2007
Recommendations of the International Commission on Radiological Protection.
ICRP Publication 103. ICRP Publication 103, Ann. ICRP 37 (2–4). Elsevier (2007).

6. National Council on Radiation Protection and Measurements (NCRP). The
relative biological effectiveness of radiations of different quality. NCRP Report
No. 104. NCRP. (1990).

7. Wang B, Yasuda H. Relative biological effectiveness of high LET particles on
the reproductive system and fetal development. Life. (2020) 10:298. doi: 10.3390/
life10110298

8. International Commission on Radiological Protection (ICRP). ICRP
statement on tissue reactions/early and late effects of radiation in normal tissues
and organs–threshold doses for tissue reactions in a radiation protection
context. ICRP Publication 118, Ann. ICRP 41(1–2). Pergamon Press (2012).

9. Japan Aerospace Exploration Agency (JAXA). Rules on radiation exposure
management for the astronauts involved in the international space station.
Tokyo: JAXA (2013). http://iss.jaxa.jp/med/research/radiation/pdf/
kitei_130626_a.pdf [in Japanese].

10. Cucinotta FA, Kim MY, Chappell L. Space radiation cancer risk projections
and uncertainties-2012. Houston, TX: NASA TP 2013-217375. NASA (2013).

11. National Research Council Committee on Health Effects of Exposure to Low
Levels of Ionizing Radiations (BEIR VII). Health effects of exposure to low levels of
ionizing radiations. Washington, DC: National Academies Press (1998).

12. United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR). Effects of ionizing radiation. UNSCEAR 2006 report to the general
assembly with scientific annexes volume I. Annex A: Epidemiological studies of
radiation and cancer. Vienna: UNSCEAR (2008).
13. National Academy of Sciences (NAS). Space radiation and astronaut health:
managing and communicating risk. Washington, DC: National Academy Press
(2021).

14. National Aeronautics and Space Administration (NASA). NASA Space
Flight Human-System Standard; Volume 1: Crew Health. NASA-STD-3001,
V. 1 Rev. B. NASA (2022).

15. Cucinotta FA, Schimmerling W, Blakely EA, Hei TK. A proposed change to
astronaut exposures limits is a giant leap backwards for radiation protection. Life
Sci Space Res. (2021) 31:59–70. doi: 10.1016/j.lssr.2021.07.005

16. National Council on Radiation Protection and Measurements (NCRP). SC 1-
27: Evaluation of sex-specific differences in lung cancer radiation risks and
recommendations for use in transfer and projection models. Bethesda, MD: NCRP
(2022). Available from: https://ncrponline.org/program-areas/sc-1-27-evaluation-
of-sex-specific-differences-in-lung-cancer-radiation-risks-and-recommendations-
for-use-in-transfer-and-projection-models/ (Accessed August 23, 2022)

17. Crimmins EM. Lifespan and healthspan: past, present, and promise.
Gerontologist. (2015) 55:901–11. doi: 10.1093/geront/gnv130

18. Liochev SI. Which is the most significant cause of aging? Antioxidants.
(2015) 4:793–810. doi: 10.3390/antiox4040793

19. Partridge L, Deelen J, Slagboom PE. Facing up to the global challenges of
ageing. Nature. (2018) 561:45–56. doi: 10.1038/s41586-018-0457-8

20. Elliott ML, Caspi A, Houts RM, Ambler A, Broadbent JM, Hancox RJ,
et al. Disparities in the pace of biological aging among midlife adults
of the same chronological age have implications for future frailty
risk and policy. Nat Aging. (2021) 1:295–308. doi: 10.1038/s43587-021-
00044-4

21. Ryall JG, Schertzer JD, Lynch GS. Cellular and molecular mechanisms
underlying age-related skeletal muscle wasting and weakness. Biogerontology.
(2008) 9:213–28. doi: 10.1007/s10522-008-9131-0

22. Ensrud KE. Epidemiology of fracture risk with advancing age. J Gerontol A
Biol Sci Med Sci. (2013) 68:1236–42. doi: 10.1093/gerona/glt092

23. Driver JA, Djoussé L, Logroscino G, Gaziano JM, Kurth T. Incidence of
cardiovascular disease and cancer in advanced age: prospective cohort study. Br
Med J. (2008) 337:a2467. doi: 10.1136/bmj.a2467

24. Grady CL, Craik FIM. Changes in memory processing with age. Curr Opin
Neurobiol. (2000) 10:224–31. doi: 10.1016/S0959-4388(00)00073-8

25. Vlassoff C. Gender differences in determinants and consequences of health
and illness. J Health Popul Nutr. (2007) 25:47–61. doi: 10.17226/26155
frontiersin.org

https://doi.org/10.1667/0033-7587(2001)156[0682:SRCRAU]2.0.CO;2
https://doi.org/10.1667/0033-7587(2001)156[0682:SRCRAU]2.0.CO;2
https://doi.org/10.1016/j.asr.2005.01.111
https://doi.org/10.3390/life10110298
https://doi.org/10.3390/life10110298
http://iss.jaxa.jp/med/research/radiation/pdf/kitei_130626_a.pdf
http://iss.jaxa.jp/med/research/radiation/pdf/kitei_130626_a.pdf
https://doi.org/10.1016/j.lssr.2021.07.005
https://ncrponline.org/program-areas/sc-1-27-evaluation-of-sex-specific-differences-in-lung-cancer-radiation-risks-and-recommendations-for-use-in-transfer-and-projection-models/
https://ncrponline.org/program-areas/sc-1-27-evaluation-of-sex-specific-differences-in-lung-cancer-radiation-risks-and-recommendations-for-use-in-transfer-and-projection-models/
https://ncrponline.org/program-areas/sc-1-27-evaluation-of-sex-specific-differences-in-lung-cancer-radiation-risks-and-recommendations-for-use-in-transfer-and-projection-models/
https://doi.org/10.1093/geront/gnv130
https://doi.org/10.3390/antiox4040793
https://doi.org/10.1038/s41586-018-0457-8
https://doi.org/10.1038/s43587-021-00044-4
https://doi.org/10.1038/s43587-021-00044-4
https://doi.org/10.1007/s10522-008-9131-0
https://doi.org/10.1093/gerona/glt092
https://doi.org/10.1136/bmj.a2467
https://doi.org/10.1016/S0959-4388(00)00073-8
https://doi.org/10.17226/26155
https://doi.org/10.3389/fnume.2022.997718
https://www.frontiersin.org/journals/nuclear-medicine
https://www.frontiersin.org/

	Broadening the selection criteria for Astronauts undertaking long–term space travel
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


