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Abstract

Sex and gender differences have long been a research topic of interest, yet few studies have explored the
specific differences in neurological responses between men and women during and after spaceflight. Knowledge
in this field is limited due to the significant disproportion of sexes enrolled in the astronaut corps. Research
indicates that general neurological and sensory differences exist between the sexes, such as those in laterality of
amygdala activity, sensitivity and discrimination in vision processing, and neuronal cell death (apoptosis)
pathways. In spaceflight, sex differences may include a higher incidence of entry and space motion sickness and
of post-flight vestibular instability in female as opposed to male astronauts who flew on both short- and long-
duration missions. Hearing and auditory function in crewmembers shows the expected hearing threshold
differences between men and women, in which female astronauts exhibit better hearing thresholds. Longitudinal
observations of hearing thresholds for crewmembers yield normal age-related decrements; however, no evi-
dence of sex-related differences from spaceflight has been observed. The impact of sex and gender differences
should be studied by making spaceflight accessible and flying more women into space. Only in this way will we
know if increasingly longer-duration missions cause significantly different neurophysiological responses in men
and women.

The roles of sex and gender in spaceflight are not well
understood because the astronaut corps has been, and

continues to be, mostly male despite the importance of having
both sexes equally represented in most human research.
When discussing sex and gender differences, we are con-
cerned with all phases of spaceflight and not simply the dif-
ferences that may be directly related to the microgravity
segment of flight. There are neurophysiological, sensorimo-
tor, and sensory differences between men and women related
to spaceflight. We see these differences most clearly in neural
anatomy and functional responses; however, the impact of
these differences is unclear.

General Neurological Differences

The brain exhibits extensive sex differences in gross anat-
omy, differentiation and development of neurons, neurochem-

ical pathways, and responses to stress or other environmental
cues.1 Also, many central nervous system-related disorders
show sex differences in their incidence and nature, including,
but not limited to Alzheimer’s disease, post-traumatic stress
disorder, anxiety disorders, schizophrenia, stroke, multiple
sclerosis, autism, addiction, fibromyalgia, attention deficit dis-
order, irritable bowel syndrome, Tourette’s syndrome, and
eating disorders.2–4

Specific Neurological and Sensory Differences

Memory processing

Studies consistently indicate a preferential involvement of
the left amygdala in memory for emotional material (gener-
ally visual images) in women, but a preferential involvement
of the right amygdala in memory for the same material in

1Department of Neuroscience, NASA Johnson Space Center, Houston, Texas.
2Department of Otolaryngology – Head and Neck Surgery, Baylor College of Medicine, Houston, Texas.
3Wyle Science, Technology and Engineering Group, Houston, Texas.
4Office of Research on Women’s Health and 6National Institute on Minority Health and Health Disparities, National Institutes of Health,

Bethesda, Maryland.
5Universities Space Research Association, Houston, Texas.
7Human Exploration and Operations Mission Directorate and 8Space Life and Physical Sciences Research Division, National Aero-

nautics and Space Administration (NASA) Headquarters, Washington, DC.

JOURNAL OF WOMEN’S HEALTH
Volume 23, Number 11, 2014
ª Mary Ann Liebert, Inc.
DOI: 10.1089/jwh.2014.4908

959



males.5–7 This laterality, ‘‘women left, men right,’’ mirrors
what is seen at rest, indicating that the response to emotional
stimulation stems from a baseline that is already differen-
tially ‘‘tilted’’ between the sexes.

Neuronal cell death

Neuronal cell death pathways differ between men and
women. Female neurons more often die through classical,
caspase-dependent apoptosis, while male cells die more
often through caspase-independent, apoptosis initiating
factor-mediated cell death. This finding could potentially
be important in developing treatment for neurodegenera-
tive disorders or injuries following stroke.8

Opioid receptor binding

Several brain regions show significantly different levels of
opioid receptor binding in men versus women, including the
amygdala and thalamus. These differences can lead to sex
differences in response to pain analgesics.9

Vision processing

Men have significantly greater sensitivity for fine detail
and for rapidly moving stimuli, while women exhibit better
color discrimination, in part because many males suffer from
color blindness, an X-chromosome related genetically in-
herited disorder.10,11

Somatosensation

Relatively little information is available on sex differences
associated with tactile sensation, but some differences are
known. On average, women are more sensitive than men,
over the entire body, to touch and pressure. Women appear to
be more sensitive to temperature differences while men score
better than females on a variety of haptic tasks (object or
position recognition involving touch and proprioception).

Reporting of pain and pain sensation is rife with many
biases (social, gender, ethnicity, culture, etc.), but on average,
women do appear to show a greater sensitivity to pain than
men—probably due to biological mechanisms, as well as
psychological and psychosocial factors.12

Vestibular system

The vestibular system is notoriously difficult to assess.
Relevant research includes anatomy, central physiology, and
functions affected by vestibular input including postural re-
sponses, spatial orientation, responses to intense motion
stimuli, and the occurrence of disease.

Gross anatomy. Women have fewer total myelinated
axons in the vestibular nerve than men, which may help ex-
plain the female bias (that has been verified via epidemio-
logical studies16,17) of developing many vestibular disorders,
such as vertigo.13 In men, the otoliths, utricle, saccule, and
superior semicircular canals are significantly larger than in
women.14

Vestibular nucleus and hormones. In rats, some evidence
suggests that the estrus (menstrual) cycle may influence the
medial vestibular nucleus synaptic transmission and plastic-

ity, with the levels of circulating 17b estradiol being the main
factor in these differences.15

Spatial task performance. Sex differences have been
found in circular vection (orientation within a spinning en-
vironment), field dependence (perceiving orientation based
only on visual cues), perception of veridical vertical with
body tilt (correctly identifying the true vertical to the ground
when the body is tilted), and perception of the morphological
horizon.18,19 These differences have been partially assigned
to biological differences in the vestibular system, including
the difference in otolith size, but some evidence suggests that
cognitive training regarding attention to cues can decrease
these sex differences.20

Motion sickness–laboratory testing. A commonly held
belief is that females are more susceptible to motion sickness
than males. Both social and research design have probably
contributed to this bias. Research conducted in the NASA
Johnson Space Center’s Neurosciences Laboratory has sub-
jected over 200 subjects to a variety of motion sickness tests
(coriolis sickness susceptibility [CSSI], sudden stop, off-
vertical rotation, parabolic flight, etc.). No difference was
found in susceptibility between men and women nor did
testing during any phase of the menstrual cycle for females
have an effect. Responses to particular tests were variable.
For example, some individuals became nauseous during a
CSSI test but not during the off-vertical axis rotation test.21,22

Motion sickness: spaceflight. The incidence of motion
sickness obtained from post-flight debriefs of long-duration
International Space Station, or ‘‘space station,’’ (32 male, 10
female) and short-duration Space Shuttle (564 male, 100
female) astronauts show that, on average, female crew-
members that flew on both the space station and shuttle re-
ported both space motion sickness and entry motion sickness
(EMS) symptoms more frequently than male crewmembers
(these data were mined from the NASA Lifetime Surveil-
lance of Astronaut Health [LSAH] database). The one ex-
ception is that men who were crew members on the space
station reported a higher incidence of EMS than women after
returning from a long-duration spaceflight.

Postural ataxia: spaceflight. On average, female crew-
members who flew on both the space station and space shuttle
reported post-flight vestibular instability symptoms (feeling
abnormally heavy, clumsiness, vertigo, persisting sensation
after-effects, or having difficulty walking a straight line)
more frequently than male crewmembers (these data were
also mined from the LSAH database). All responses were
subjective and were reported to a flight surgeon as part of a
standard post-flight medical debrief. The debrief did not al-
ways specify the symptoms. In a study of computerized dy-
namic posturography before and after long-duration bed rest,
analyses of sensory organization test scores suggest no dif-
ferences between men and women.23

Hearing/auditory function

Numerous epidemiological studies have been conducted to
compare differences in hearing sensitivity among men and
women, confirming that hearing sensitivity declines with age,

960 RESCHKE ET AL.



even in populations screened for a history of noise expo-
sure.24–26 These studies have also shown that hearing sensi-
tivity (when reported by conventional pure-tone audiometry)
declines faster in men than in women at most ages and in most
frequencies tested.27 The most recent National Health and
Nutrition Examination Survey28 revealed that the odds of
such hearing loss were 5.5-fold higher in men than in wo-
men. Even when studies carefully screen for ear disease and
noise exposures, however, hearing levels and longitudinal
patterns of hearing change are highly variable. This vari-
ability has been attributed to smoking, genetic factors, and
cardiovascular risks.29 Hearing sensitivity is particularly
vulnerable to hazardous noise exposures (e.g., in industrial,
military, and recreational environments), but sex differences
in age-associated hearing loss occur even among populations
with relatively low-noise occupations and with no evidence
of noise-induced hearing loss.25

In addition to pure-tone audiometry, distortion product
otoacoustic emissions (DPOAEs) have also been used to
assess peripheral hearing status. DPOAEs are believed to
reveal subtle cochlear changes that may be overlooked by
audiometry.30,31 Studies show that aging males experience
greater decreases in DPOAEs amplitudes compared to aging
females. This decrease in DPOAEs is often proportional to
the degree of hearing loss.31,32

NASA conducts a unique hearing-monitoring program, in
which crew members undergo audiometric testing at least once
per year during their active astronaut career (and even more
frequently when assigned to space missions). Later, when
participating in NASA’s LSAH program, former astronauts
may continue to have their hearing tested for the rest of their
lives. This database offers the opportunity to compare longi-
tudinal differences in hearing sensitivity seen in male and fe-
male astronauts over as much as a 5-decade span of life (Fig. 1).

When comparing high-frequency hearing sensitivity, the
LSAH database’s female population has better hearing
thresholds than men at every epoch of life, starting in their
mid-30s, approximately the age when most astronauts begin
their careers. Female astronauts show no significant differ-
ences in hearing thresholds between ears except in those
older than 55 (though the sample size for this population is

rather small at that age), when the left ear thresholds are
slightly better than those in the right ear. Male astronauts
show greater hearing loss in the left ear than in the right ear at
every age; this finding is consistent with many demographic
studies, particularly those in which right-handed subjects have
shot shoulder-fired weapons (exposing the left ear to most of the
blast wave from the weapon’s muzzle). The vocational and
avocational activities of many astronauts, military and nonmil-
itary, often include such firearms. An important finding from
this database (unpublished data) is that although males and fe-
males show the expected age-related differences in hearing loss,
spaceflight does not seem to affect men and women differently.

The Impact of Sex and Gender on Neurological,
Sensory, and Sensorimotor Function
Associated with Spaceflight

The impact of sex and gender on neurophysiological
changes observed both during and after flight is unknown.
Several questions can and should be asked when we address
this issue. For example, are preexisting differences mini-
mized or magnified by spaceflight? Are all current counter-
measures equally effective for both sexes? Is there an
underlying benefit to being either a man or woman associated
with spaceflight, or are there inherent risks associated with
sex differences?

To make spaceflight accessible to everyone with the lowest
possible risk we must define appropriate risk scenarios that
are empirical and can be approached as testable hypotheses.
As we continue to explore the cosmos, the answers to ques-
tions about sex and gender differences will become essential.
To answer these important questions, more women should be
flown into space and more crew members, especially women,
should be strongly encouraged to participate in research de-
signed to address the sex and gender question. Only with a
commitment by crew members, supported by a commitment
from NASA management, will we will learn if men and
women have significantly different neurophysiological re-
sponses to increasingly longer-duration spaceflights. Without
the necessary data, appropriate countermeasures for both
sexes cannot be developed.

FIG. 1. Hearing trends of
male versus female astro-
nauts, by age, for averaging
audiometric thresholds at
2k, 3k, and 4k Hertz.
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