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R E V I E W  A R T I C L E

Anxiety may present challenges for commercial space-
flight operations, particularly as little is known regard-
ing the psychological effects of commercial spaceflight 

on participants. A recent investigation identified anxiety and 
stress during centrifuge-simulated suborbital commercial 
spaceflight, and highlighted the potential for severe anxious-
ness to interrupt spaceflight operations.19 Research is needed 
to better assess the feasibility and utility of screening and miti-
gation tools for anxiety during commercial spaceflight opera-
tions. To pave the way for such work, an extensive literature 
review was performed in order to identify existing knowledge 
that may contribute to formation of interventions for anxiety 
during commercial spaceflight.

Most of the psychological knowledge regarding humans  
in spaceflight is based upon studies of career astronauts 
selected under stringent medical and psychological standards. 

Although there is limited information regarding the toler-
ance of commercial spaceflight participants (SFPs) with 
chronic medical conditions to spacecraft acceleration profiles, 
there has been little research into anxiety and psychological 
concerns as they relate to commercial spaceflight.2,5,6 Unlike 
career astronauts, SFPs are unlikely to undertake a prolonged 
ground-training curriculum prior to launch, potentially leaving 
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them unprepared for the psychological stressors of commer-
cial spaceflight.

Human centrifuge training has been utilized extensively 
for the training of career astronauts, and could be used to pre-
pare SFPs for the experience of commercial spaceflight. Cen-
trifugation may offer the first chance to observe future SFPs in 
a high-stress analog environment that may elicit similar anxi-
ety responses to those that could occur during spaceflight. A 
recent investigation utilized centrifuge-simulated suborbital 
spaceflight to study anxiety in potential commercial SFPs.19 
In this study, 12 of the 86 subjects (14%) experienced some 
degree of anxiety that interfered with their ability to complete 
the centrifuge training.19 Positive psychiatric history and self-
reported symptoms did not predict anxiety during centri-
fuge performance.19 No specific intervention strategies were 
attempted, but 9 of the 12 participants with anxiousness were 
able to complete their centrifuge run after coaching and 
support from study facilitators.19 Apart from this study, little 
research has evaluated psychological considerations for sub-
orbital spaceflight.

Given the potentially severe implications of anxiety during 
commercial spaceflight operations, additional inquiry into this 
topic is critical. This manuscript will review available literature 
pertaining to the concern for anxiety in commercial spaceflight 
activities and similar analog environments, in particular focus-
ing on identification techniques and mitigation strategies such 
as exposure therapy, cognitive behavioral therapy, and relax-
ation techniques, as well as pharmaceutical intervention. The 
application of such techniques for future short-duration com-
mercial spaceflight activities will be discussed, as well as areas 
requiring further research.

METHODS

A systematic literature review of currently available informa-
tion was undertaken utilizing PubMed, Google Scholar, and 
the Defense Technical Information Center to identify useful 
literature regarding anxiety in commercial aviation, space-
flight, and appropriate analogs. This effort examined a variety 
of related fields, such as centrifugation, fear of flying (FOF), 
motion sickness, military protective gear, submarine, and 
polar operations. Search terms included “anxiety,” “anxious-
ness,” “nausea,” “nauseogenic,” “psychological,” “psychiatric,” 
“centrifuge,” “centrifugation,” “fear of flying,” “motion sick-
ness,” “military,” “submarine,” “polar,” “Antarctica,” “benzodi-
azepines,” and ““memory impairment.” Titles obtained from 
these criteria were reviewed for relevancy.

Articles published in a language other than English without 
an available translation and articles not involving human sub-
jects were rejected. All other relevant documents including the 
search terms noted above were reviewed in their entirety. Fur-
thermore, the references of these studies were examined to 
identify further applicable work. Using this strategy, 34 studies 
were identified that met the search criteria and were deemed 
relevant to this topic. Seven studies examined benzodiazepines 

(BZDs) that were either not commonly utilized today or unfea-
sible for commercial spaceflight use due to side effects, route of 
administration, and inappropriate levels of sedation; these 
studies were excluded. Four of the studies addressed only non-
acute exotic situations (e.g., long-duration Antarctic missions) 
and were excluded as they do not appear to pertain to short-
duration commercial spaceflight activities. One study provided 
only speculation regarding sensorimotor adaptation for space-
flight without scientific evidence and was excluded. The remain-
ing 22 investigations were included in this review. Of note, 
several of the studies are non-peer-reviewed technical reports 
from military data available to the general public; they are 
included here due to the lack of other, peer-reviewed sources 
available for study.

RESULTS

Because commercial spaceflight literature is very limited at 
present, this review focuses on research performed primarily in 
analog environments. Despite intrinsic differences from the 
spaceflight setting, FOF and centrifugation represent the closest 
equivalents to our intended environment in the available litera-
ture. The majority of the works identified for this review fall into 
the FOF realm, with a smaller proportion of articles addressing 
centrifugation and military analogs. Studies regarding topics 
applicable only to long-duration spaceflight (weeks-to-months) 
were deemed to be outside the scope of the current work, which 
aims to address only short-duration commercial spaceflight. 
Long-duration spaceflight phenomena, such as space adapta-
tion syndrome and space motion sickness, generally occurs 
after a number of hours of microgravity exposure and is there-
fore unlikely to be a factor in a commercial flight, where 
microgravity will be experienced for a matter of a few min-
utes. Similarly, studies regarding parabolic flight, where 
individuals experience multiple microgravity-hypergravity 
transitions, were excluded as such environments are highly 
dissimilar to the commercial spaceflight environment and 
tend to be increasingly nauseogenic, and as a result anxio-
genic, due to repetitive transitional stimulation. However, 
studies addressing the link between motion sickness and 
anxiety or personality factors were identified as pertinent, as 
were investigations that examined the use of BZDs for equiva-
lent situations. The information from each of these areas 
will be presented in corresponding subsections below.

Fear of Flying
With regards to anxiety in unique and extreme environments, 
prior investigation has most often focused on FOF. This litera-
ture generally concentrates on comparison of mitigation strate-
gies such as exposure therapy via actual training flights or 
virtual reality paired with psychological therapy, including cog-
nitive behavioral therapy or relaxation techniques.10,15,24 Anxi-
ety in the flight environment or within enclosed spaces is fairly 
prevalent, with up to 20% of the general population estimated 
to suffer from some degree of FOF.1,10,21
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The main treatment options available for FOF are standard 
exposure (SE) or virtual-reality exposure (VRE) therapies. SE 
generally involves ground-based airplane exposure while VRE 
utilizes a computer to simulate the aircraft environment. Adjunct 
therapy such as cognitive behavioral therapy (CBT) or relaxation 
therapy has also been examined. Most sources identify VRE as 
particularly useful for the treatment of numerous phobias, 
though mixed results have been noted.17 In a meta-analysis of 
49 articles regarding FOF treatment, VRE alone was noted to be 
an effective treatment for fear of flying.10 In addition, VRE plus 
CBT has been demonstrated to be more effective than CBT 
alone.17 Patients receiving a combination of VRE with CBT or 
relaxation techniques have demonstrated reduced fear or anxi-
ety associated with flying.10 VRE has also been noted to be 
superior to imaginal exposure (subject mentally visualizes a 
fear-inducing situation) and bibliotherapy (provision of a book 
on FOF with encouragement to read about their condition), 
though VRE with biofeedback is generally superior to VRE 
alone.17

In comparison, prior research has attempted to identify the 
length of SE therapy required to elicit an improvement in symp-
tomology. For example, one study examined one- versus five-
session SE therapy (involving in vivo flight exposure) and 
cognitive restructuring, where a single session consisted of  
3 h of treatment and a five-session series consisted of a total 
of 6 h of gradual treatment.22 There was no significant differ-
ence between the two treatment groups, and both were rela-
tively successful in improvement of FOF symptoms during a 
behavioral test flight.22 However, at 1-yr follow-up, there was a 
significant (P , 0.05) decrease in the number of steps com-
pleted in the behavioral test flight for the single-session group, 
and a similar marginal decrease in the five-session group (P , 
0.08), demonstrating a high degree of relapse in both groups.22

Another study compared SE to VRE to identify relative 
benefits and success in mitigation of flight-related anxiety.24 
In this study, subjects with known DSM-IV diagnoses of 
flight-related specific situational phobia or panic disorder 
with agoraphobia underwent 6 wk of treatment with either 
VRE or SE.24 Subjects were evaluated by measures including 
the Fear of Flying Inventory,25 the Questionnaire on Attitudes 
Toward Flying,12 and the Client Satisfaction Questionnaire–8.3 
Participants in both the VRE and SE groups were highly satis-
fied with the treatment they received, and both VRE and SE 
were demonstrated to be effective based on standardized 
questionnaires, self-rated improvements, satisfaction scales, 
and number of participants who actually flew after treat-
ment.24 These findings support the use of VRE as a reasonable 
alternative to SE for the treatment of FOF.

Several investigations have examined the efficacy of VRE in 
comparison to other psychological techniques. Krijin et al. 
compared the treatment of FOF with VRE to CBT and biblio-
therapy (provision of a book on FOF with encouragement to 
read about their condition).15 The subjects in this study were 
divided between VRE, CBT, and bibliotherapy groups; those in 
the bibliotherapy group were then randomized to VRE or CBT 
after 5 wk and interim testing.15 When comparing the initial 

groups, a significant decrease in the anxiety was reported on 
questionnaires from subjects in the VRE and CBT groups com-
pared to the bibliotherapy group.15 After both the VRE and 
CBT groups underwent the addition of group CBT, there was 
further decline in anxiety.15 In this study, VRE or CBT alone 
was not compared to combination CBT-VRE.

Another study by Wiederhold et al. evaluated the utility of 
biofeedback in combination with VRE.28 Biofeedback in the 
form of heart rate, respiratory rate, skin resistance, and skin 
temperature was employed. The 36 phobic patients were trained 
in diaphragmatic breathing skills with the use of visual feed-
back for heart and respiratory rates; after treatment, 33 of the 
phobic subjects were able to complete a behavioral test flight.28 
In their early sessions, these successful subjects were noted to 
have heightened physiological arousal, measured by skin resis-
tance, that did not return to baseline by the end of the session.28 
However, throughout the course of treatment these participants 
demonstrated a gradual trend toward the nonphobic levels of 
arousal, demonstrating success of the combined VRE and bio-
feedback techniques.28 In contrast, the three phobics who were 
unsuccessful in completing a behavioral test flight demon-
strated erratic physiological arousal patterns and did not trend 
toward the nonphobic response by the final training session.28

An additional investigation assessed the longer-term effi-
cacy of VRE, biofeedback, and imaginal exposure.29 The ini
tial study consisted of 3 groups with 10 participants in each: 
VRE with biofeedback, VRE alone, and imaginal exposure 
alone.29 At the conclusion of the initial investigation, 100% of 
the subjects in the VRE with biofeedback group completed a 
behavioral test flight, where only 80% of the VRE alone group 
and 10% of the imaginal exposure alone group successfully 
completed behavioral test flights.29 The investigators then con-
tacted the participants 3 yr later to evaluate maintenance of 
treatment effect: 3 yr posttreatment, all of the VRE with bio-
feedback group maintained the ability to fly, demonstrating sus-
tained high effectiveness of this treatment combination, while 
two of the VRE alone group were no longer able to fly.29 The one 
participant in the imaginal exposure group who was able to fly 
at the end of treatment continued to do so.29 Of note, numerous 
participants reported that the skills provided during treatment 
had been generalized into everyday stress management tech-
niques; similarly, one subject reported utilizing the techniques 
he learned during the study to conquer his fear of heights with-
out the assistance of a therapist.29 For perspective, it is interest-
ing to note that these follow-up interviews took place in January 
2002, which was several months after the September 11, 2001, 
terrorist attacks. Despite the general fear concerning flying 
at that time, these subjects maintained the successful effects 
of their treatment.

Mühlberger et al. also evaluated VRE for treatment of FOF.18 
However, in contrast to other investigations, the groups in this 
study were differentiated based upon whether a therapist accom-
panied each subject on their graduation flight or whether the 
subject took this flight alone, attempting to evaluate the benefit 
of provider presence.18 Training consisted of four VRE flights 
completed in one session, after which participants completed 
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a graduation flight either alone or with a group of other partici-
pants and a therapist.18 A significant reduction in FOF was 
noted after treatment, regardless of treatment group; overall, 
67% of unaccompanied and 87% of accompanied subjects com-
pleted their graduation flight, though this was a nonsignificant 
difference.18

Centrifugation
In contrast to the more copious literature available regarding 
FOF, there is less information available to address the subject 
of anxiety or mood during centrifugation. Of the few existing 
studies, only two specifically address the psychological effects 
of +Gz (head-to-toe acceleration) exposure during centrifuga-
tion.4,13 One study utilized the University of Wales Institute of 
Science and Technology Mood Adjective Check List (UMACL) 
to evaluated energetic arousal, tense arousal, and hedonic 
tone in 19 Polish male cadets.4 As energetic arousal has been 
associated with better performance of vigorous actions, the 
authors attempted to identify where the cadets might receive 
the benefit of such arousal as opposed to deleterious effects of 
tense arousal and anxiety. In this study, centrifuge runs started 
at +3 Gz and increased incrementally until peripheral light 
loss (tunnel vision) occurred.4 Based on the UMACL, ener-
getic arousal was lowest 2 h precentrifugation and rose then 
remained stable, while tense arousal rose sharply to its highest 
level at 2 min precentrifugation.4 However, centrifugation 
apparently had a positive impact on subject arousal and anxi-
ety state, as tense arousal dropped below the baseline value 
postcentrifugation, suggesting that the experience itself worked 
to decrease subject anxiety state.4

The other centrifuge investigation compared the efficacy 
of guided imagery (GI) to music therapy (MT) for reduction 
of anxiety during centrifugation in 12 subjects.13 Anxiety 
was quantified via the Smith Relaxation States Inventory 
(SRSI), State Anxiety Inventory (SAI), heart rate, maximum 
heart rate, and heart rate variability (HRV).13 Prior to centrif-
ugation, a baseline heart rate was obtained and the subjects 
completed baseline a SRSI and SAI; afterwards, the GI group 
received 15 min of GI instructions via voice recording while the 
MT group received 15 min of light music.13 The results were 
notable for significantly decreased state anxiety postinter-
vention but prespin in the GI group compared to the MT 
group and lower maximal heart rate in the GI group, suggest-
ing that GI may decrease sympathetic arousal (and resultant 
potential for anxiety) during centrifugation.13

Motion Sickness
Because there is concern that motion sickness or other somatic 
sensations experienced during centrifugation or suborbital space-
flight may contribute to anxiety in participants, and that those 
susceptible to motion sickness may also be susceptible to related 
anxiety, the available literature regarding motion sickness was 
reviewed for relevant information. In one study, Collins and 
Lentz examined the correlation between personality and motion 
sickness.9 Motion sickness susceptibility was stratified by a 
motion sickness questionnaire and the subjects were divided 

into 4 groups of 37 subjects each (highly susceptible men, 
highly susceptible women, nonsusceptible men, nonsusceptible 
women).9 Each subject underwent a battery of tests. On the 
State-Trait Anxiety Inventory, notable findings include higher 
trait anxiety scores in susceptible vs. nonsusceptible individuals 
regardless of sex.9 State anxiety was similar prior to rotary ves-
tibular stimulation, but was significantly higher in susceptible 
individuals after rotation.9 On the Eysenek Personality Inven-
tory, nonsusceptible individuals had significantly higher scores 
on the extraversion scale while susceptible individuals had sig-
nificantly higher scores on the neuroticism scale.9 On the 16 
Personality Factors test (16PF), nonsusceptible individuals 
tended to score as less neurotic, better adjusted, and more ven-
turesome; in contrast, susceptible individuals were generally 
more “tenderminded” and subjective.9

Another study by Lentz and Collins further examined the 
characteristics related to motion sickness susceptibility by eval-
uating 2432 undergraduate students in local universities who 
completed several motion sickness questionnaires along with 
biographic data.16 The authors noted that more women than 
men reported motion sickness and that highly motion suscep-
tible individuals did not enjoy movies with emphasis on rapid 
action.16

Fox and Arnon investigated the connection between motion 
sickness and anxiety in 94 Israeli fighter pilot cadets.11 Each 
pilot completed numerous anxiety questionnaires including the 
State-Trait Anxiety Inventory, Taylor Manifest Anxiety Scale, 
Eysenck Personality Questionnaire, and 16PF, then undertook 
five light airplane flights over the course of a week.11 In these 
subjects, nausea was the most commonly self-reported symp-
tom (46% of subjects) and nausea and sweating were the most 
commonly instructor-identified symptoms (17% and 19%, respec-
tively).11 While there was no significant correlation between 
the self- and instructor-reported symptoms, anxiety scores 
were correlated with self-reported motion sickness (but not 
instructor-observed).11

Paillard et al. examined the link between anxiety and motion 
sickness susceptibility.23 The study included 167 healthy sub-
jects and 94 subjects with a variety of chronic vestibulopathies, 
and each subject completed a Motion Sickness Susceptibility 
Questionnaire (MSSQ) and a Trait Anxiety Questionnaire.23 
When the subjects with vestibulopathies were separated into 
those with and without vestibular loss, those with vestibular 
loss had lower MSSQ scores than healthy subjects, who in turn 
had lower MSSQ scores than vestibulopathic patients without 
vestibular loss.23 These differences were not accounted for by 
sex, age, trait-anxiety, or interaction, though the authors found 
that women reported higher MSS than men and that MSS 
declined with age.23 However, the relationship between anxi-
ety and MSS scores was weak and only significant in healthy 
subjects.23

While identifying and characterizing motion sickness and 
the neurovestibular alterations resulting from suborbital space-
flight may be useful, management of these considerations is 
important as well. These issues have received some attention. 
A suborbital spaceflight is likely to last approximately 2–3 h, 
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with around 3–6 min of microgravity. Karmali and Shelhamer 
suggest that 3–4 min of microgravity is insufficient for adapta-
tion to occur during a suborbital spaceflight alone.14 Because 
of this, the authors recommend preadaptation via parabolic 
flight to preemptively control for motion sickness symptoms 
in commercial SFPs.14 The authors do note that research has 
identified some limitations in the transfer of adaptation from 
parabolic flight to orbital spaceflight, but given that the path 
for a suborbital spaceflight is effectively a large parabola, they 
suggest that adaptation may transfer to suborbital spaceflight 
more readily.14

Similarly, there are a number of studies addressing motion 
sickness during centrifugation, often secondary to Coriolis 
events (intentional or otherwise). Sudden head movements 
during centrifugation that induce Coriolis are highly likely to 
result in nauseogenesis, which may in turn be related to devel-
opment of anxiety. Studies have demonstrated a fatiguing 
effect of motion sickness symptoms during repetitive centrif-
ugation; for example, Newman et al. demonstrated adaptation 
to intentional Coriolis-inducing head movements in nine 
subjects after 5 d of centrifuge training, with significant reduc-
tions in subjective motion sickness scores compared to pre-
training levels.20 If in fact motion sickness has contributed to 
anxiety in an individual, training-related fatigue of motion 
sickness symptoms may alleviate anxiousness.

The Military Environment
Several studies in the military literature have examined the 
effects of various aspects of anxiety in the military environ-
ment. These generally involve subjects placed in stressful 
training situations, many of which could be considered analo-
gous to commercial spaceflight activities. For example, Warren 
et al. examined the responses of subjects to training in Mis-
sion Oriented Protective Posture (MOPP) gear.27 MOPP4 
equipment offers the highest level of protection, and is 
designed to protect military personnel from a toxic environ-
ment (i.e., chemical, biological, radiological, or nuclear strike) 
by incorporating a respirator, rubberized boots, gloves, and a 
standard overgarment.27 Such occlusive gear is readily compa-
rable to pressure garments that may be required for SFPs in 
commercial spaceflight activities. In this study, 12 male sol-
diers specializing as field engineers donned MOPP4 gear for 
two 5-d periods while performing a variety of tasks.27 For one 
5-d period, MOPP4 equipment was donned for the entirety of 
each study day; for the other period, Battle Dress Uniforms 
(BDU) were worn for the first 4 d followed by MOPP4 gear for 
the 5th d.27 The State-Trait Anxiety Inventory was utilized to 
quantify anxiety, where trait anxiety was measured on the 1st d  
and state anxiety was recorded at the beginning of each day.27 
Additionally, participants completed the 16PF to assess per-
sonality.27 The results were notable for increased state anxiety 
on the 1st d of donning MOPP4 gear; this effect diminished to 
baseline by the 5th d.27 Interestingly, participants with high 
state anxiety before or after the test day also demonstrated 
characteristics of introversion on the 16PF, while subjects 
with low state anxiety displayed extraverted characteristics, 

suggesting a correlation between personality and propensity 
toward anxiety in such situations.27

In another study, Tharion et al. examined the performance 
of subjects in a simulated chemical warfare environment, wear-
ing MOPP4 gear, in correlation with personality factors.26 A 
battery of tests including personality inventories and the State 
Anxiety questionnaire were administered prior to the start of 
the field exercise, every 6 h during the field operation, and at 
completion.26 “Casualties” (participants who withdrew volun-
tarily or were removed by medical monitors during testing) 
tended to exhibit greater depressive tendencies and lower self-
motivation than “survivors” (the remaining participants who 
did not withdraw). State anxiety was significantly higher in 
“casualties” than “survivors.”26 This suggests that personality, 
particularly of motivation and anxiety, may affect operational 
performance in occlusive gear.

As with occlusive garments, occlusive spaces, such as sub-
marines, can elicit stress reactions and anxiety. A review of 
studies in such environments can be useful as analogs for space-
flight, particularly as they involve a potentially claustrophobic 
situation not without risk. In one such study, van Wijk exam-
ined the characteristics of 23 South African Navy student sub-
mariners and their responses during 3 d of submarine escape 
training.30 This investigation obtained the State-Trait Anxiety 
Inventory and the Institute for Personality and Ability Testing 
(IPAT) Anxiety Scale measures pre- and posttraining and indi-
cated a significant decrease from training in both the covert and 
overt anxiety dimensions identified by IPAT.30 On STAI, both 
subscales demonstrated decreased anxiety, but only the trait scale  
was statistically significant.30 This study suggests that effective 
familiarization and training in the operational environment may  
improve an anxiety response over time.

Pharmaceutical Interventions
Should screening and exposure desensitization therapy not 
adequately mitigate the risk of anxiety during commercial 
spaceflight, other measures may be needed. Pharmaceuticals 
may play a role in both prophylaxis and treatment of anxiety 
in this unique environment, and the use of medication to mit-
igate anxiety is being considered by many industry partici-
pants. The main class of drug utilized in this role would likely 
be BZDs, due to their demonstrated effectiveness in anxiety 
mitigation. However, the use of such medications raises con-
cern, as appropriate therapy would need to balance effective 
extinguishment of anxiety with minimization of memory and 
operational impairment.

It is thought that the anterograde amnestic effect of BZDs is 
due to impairment of memory consolidation rather than a defi-
cit in short-term memory.32 Per Chouinard et al., the effect of 
BZDs on memory include impairment of delayed recall of word 
lists, while immediate recall is unaffected.6 This appears to indi-
cate some serviceable level of immediate physical and mental 
functionality of medicated individuals, even though the events 
may not later be possible to recall. With regards to the variabil-
ity of memory impairment between different BZDs, the authors 
make note of several important principles. BZDs with higher 
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lipid solubility, including alprazolam, diazepam, lorazepam, and 
trazolam, generally cause more severe amnesia, and BZDs with 
high affinity for the BZD receptor generally produce more 
severe memory impairment.7 BZDs with short-to-intermediate 
half-lives also have more potential to cause amnesia.7 Of the 
medications listed, lorazepam and triazolam are the most often 
associated with greatest memory loss.7 Of note, tolerance to the 
memory impairment effects of BZDs occurs with chronic use 
and, once this has developed, the effects on memory are gener-
ally confined to the first 90 min of each dose.

In contrast to treatment with BZDs during in-vivo space-
flight, the use of these medications during training is question-
able. Wilhelm et al. examined the effects of BZDs during exposure 
therapy for FOF in 28 women, where each participant flew 
twice within a one-week interval.31 Prior to the flights, each par-
ticipant received either placebo or alprazolam, and they received 
the opposite for their second flight.31 During the first flight, 
alprazolam reduced self-reported anxiety and symptoms more 
than the placebo; however, an increase in heart and respiratory 
rate among the alprazolam group members on flight 1 was noted, 
suggesting anxiety despite subject denial.31 On the second (pla-
cebo) flight, the flight 1 alprazolam group reported more anxi-
ety and a substantial increase in panic attacks than the flight 1 
placebo group.31 The flight 1 placebo group demonstrated a 
decrease in self-reported anxiety during flight 2, and reported 
less anxiety on the second flight than the flight 1 alprazolam 
group.31 These findings support the articles previously dis-
cussed in the FOF section with regards to fear extinction via 
exposure. Unfortunately, this effect appears to be eliminated 
with use of BZDs during exposure therapy, as those subjects 
receiving BZDs during their initial flight demonstrated no ben-
efit from repeat exposure to the flight environment once the 
BZD had been discontinued.31

Further demonstrating the inefficacy of BZDs with exposure 
therapy, Coldwell et al. investigated whether BZDs could facili-
tate desensitization to dental injection phobia.8 There were 144 
subjects with dental injection phobia who underwent exposure 
therapy in concert with placebo or alprazolam.8 The groups 
progressed through training at the same rate, and there was no 
difference between the groups on a posttreatment behavioral 
avoidance test.8 Additionally, one year after study completion, 
fear of dental injection remained reduced similarly among the 
groups.8 While a far cry from the flight environment, this study 
similarly demonstrated that use of BZDs during exposure ther-
apy does not appear to contribute to long-term desensitization.

DISCUSSION

Although there is limited literature addressing these specific 
topics in any one field, information can be gleaned from the 
studies presented for application within the spaceflight envi-
ronment. For example, VRE and SE have been demonstrated to 
be equally effective as treatment for FOF. This finding suggests 
that centrifuge VRE (simulating suborbital spaceflight in a cen-
trifuge, as performed in previous studies5,6,19) for commercial 

SFPs may be an effective mechanism in the mitigation of anxi-
ety and the preparation of SFPs for the actual spaceflight. The 
use of SE could be better evaluated for analog environments, 
such as parabolic flight, which, as discussed above, has been 
suggested as a possible method for adapting SFPs to the poten-
tial neurovestibular effects of spaceflight. However, given that 
VRE is more accessible, controlled, and economically palatable 
than SE (especially when considering the cost and impractical-
ity of exposure to in-vivo commercial spaceflight), its use for 
desensitization of anxious commercial SFPs would likely be 
preferential, assuming that similar results to those found in 
FOF treatment could be obtained. Furthermore, the combina-
tion of VRE with additional modalities, such as CBT, may 
improve outcomes. Evidence demonstrates that biofeedback 
may also complement VRE as a form of anxiety mitigation. 
Interestingly, the skills learned during biofeedback therapy 
(e.g., diaphragmatic breathing) can be utilized successfully in 
other aspects of life, as reported above. Thus, SFPs that have 
undergone biofeedback training for other anxiety-related prob-
lems may be able to utilize this training for application within 
the spaceflight environment.

VRE is significantly more effective than imaginal exposure, 
indicating that desensitization methods utilizing sensory stim-
ulus are more likely to be successful than simply asking partici-
pants to visualize their own future flight. The limitations of 
VRE likely stem from the inability of some subjects to achieve 
suspension of disbelief and elicit anxiety during the sessions; 
unfortunately, this may make VRE an ineffective treatment for 
some. Based on the literature examined, combination treatment 
of FOF with VRE and CBT or relaxation techniques appears to 
be quite effective. The addition of CBT or relaxation techniques 
to VRE via centrifuge may improve outcomes in those with fear 
of spaceflight. Of note, it appears that therapist accompaniment 
during exposure is not particularly useful; this finding argues 
against the inclusion of a therapist for training on a spaceflight 
with a concerning participant at high risk for anxiety-related 
reactions. Finally, while FOF is the best-studied of the subjects 
examined in this review, additional research would be useful for 
comparison of the varying types of adjunctive therapy (i.e., 
CBT, biofeedback, relaxation) when paired with VRE, particu-
larly if such studies could be undertaken to examine specifically 
the spaceflight environment (or close analogs).

Similar, albeit more limited, findings were identified in the 
centrifuge literature as well. Guided imagery appears to reduce 
stress prior to centrifugation. This effect may be useful during 
centrifugation training and potentially in suborbital spaceflight 
applications as well. In terms of quantification of anxiety, one of 
the studies demonstrated that centrifugation increases ener-
getic arousal (a positive change), and that tense arousal peaked 
immediately prior to centrifugation and slumped below base-
line levels afterward (again, an improvement); the UMACL tool 
utilized by this study may be a useful rapid measure to obtain 
for future centrifugation studies examining anxiety and train-
ing response.4

The correlation between motion sickness and personality 
traits was examined in several investigations, with the general 
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consensus suggesting that higher trait anxiety may be corre-
lated with high risk of motion sickness susceptibility. While 
some of the personality measures applied in this older research 
are not as widely used today, the differences noted on these tests 
indicate the possible utility of personality testing for motion 
sickness susceptibility screening, or vice-versa. Personality indi-
ces that include an anxiety component such as the Minnesota  
Multiphasic Personality Inventory (MMPI) or NEO Personality 
Inventory-3 (NEO PI-3) may be useful in screening for indi-
viduals likely to experience anxiety in certain situations. Some 
studies have demonstrated that anxiety correlates with self-
reported motion sickness symptoms but not objectively identi-
fied cues (such as instructor-reported symptoms); this may 
result from a reciprocal effect of anxiety on motion sickness and 
vice-versa. Alternatively, this may also be a result of the diffi-
culty in the objective identification of anxiety by an outside 
observer, especially when tasked with other duties while acting 
as an instructor pilot. Other research has indicated that the ves-
tibular system is heavily involved in motion sickness suscepti-
bility. While trait anxiety may play a role in motion sickness 
susceptibility, this appears to only be true in healthy subjects. It 
is important to note that the relationship between personality 
traits and motion sickness has been studied in Earth-bound 
environments. This relationship has yet to be characterized with 
space motion sickness as there are few data available. Even so, 
the MSSQ will likely be a useful measure to collect for compari-
son with anxiety measures.

Military literature involving chemical warfare protective 
garments and submarine escape training indicates that psychi-
atric history (anxiety, depression, etc.), the STAI, and personal-
ity indices (to assess extroversion/introversion) may be useful 
screens for individuals likely to experience anxiety in unique and 
stressful situations, again potentially applicable to the spaceflight 
environment. These studies also indicate that desensitization 
therapy effectively mitigates anxiety caused by chemical protec-
tive gear. These findings are similar to those for FOF and sup-
port the use of training in as close an analog to the operational 
environment as possible for an effective management strategy 
for situational anxiety. Furthermore, assessment for correlation 
between personality traits (in this case, introversion vs. extro-
version) may identify SFPs at risk for anxiety.

In the cases of failed identification or mitigation of anxiety 
in these unique environments, short- or long-acting BZDs can 
play an important role in achieving acute anxiolysis. Most lit-
erature on anxiolytics focuses on other aspects such as efficacy 
or pharmacokinetics; little focus is given to memory impair-
ment and little information is available. Studies have demon-
strated that BZDs with high lipid solubility, high affinity for the 
BZD receptor, and short-to-intermediate half-lives generally 
produce more amnesia; given the tourist and experiential nature 
of commercial spaceflight, amnesia would not be an acceptable 
side effect. In the case of a commercial SFP whose anxiety 
remains uncontrolled after exposure therapy, prophylaxis with 
longer-acting, less lipophilic BZDs such as clonazepam or pos-
sibly alprazolam may mitigate anxiety while limiting memory 
impairment and allowing improved recall of the spaceflight at a 

later date. However, BZD use has been demonstrated to impair 
fear extinction during exposure therapy. As such, BZDs should 
not be employed during exposure training if the goal is fear 
extinction as this response is inhibited by BZDs and their use 
would negate the benefits of training. It would be preferable 
to expose individuals that may need BZD pharmacological 
intervention to medications prior to use during the spaceflight 
experience in order to familiarize them with medication effects, 
note any unwanted side effects, and identify or limit any acute 
amnestic responses.

Finally, we have chosen to exclude parabolic flight as a com-
mercial spaceflight analog for reasons described above; in brief, 
the multiple microgravity-hypergravity transitions experienced 
in parabolic flight are highly nauseogenic, and subsequently 
can be anxiogenic, likely related to motion sickness. However, 
these repetitive transitions are not particularly relatable to a 
single parabola experienced during commercial spaceflight. 
While not a useful analog for study, it is worth noting that para-
bolic flight may indeed be a highly useful training tool for 
future suborbital SFPs, if only to give them the opportunity to 
experience microgravity and hypergravity, understand the role 
of Coriolis during gravitational transitions and how to avoid or 
mitigate any symptoms they do develop, and as a potential 
“flight test” of any pharmaceutical interventions.

There are many limitations to the studies presented in this 
review. It is important to note the paucity of information 
available addressing the subjects discussed here. Much of the 
research examined in this review suffers from small sample 
size, and therefore its application to the population at large 
may be limited. Most of the literature examines only men 
(particularly in military environments) and excludes women. 
There are large gaps in our understanding of anxiety and the 
response of laypersons to the commercial spaceflight environ-
ment, and significant research should be undertaken to iden-
tify potential anxiety triggers, mitigation strategies, and those 
at the greatest risk.

Even so, this literature review has identified several impor-
tant facts with regards to anxiety in unique environments 
such as spaceflight. In particular, the combination of VRE 
with other strategies such as CBT, relaxation therapy, or bio-
feedback may be ideal for effective anxiety mitigation prior to 
a commercial spaceflight. Military studies suggest that a care-
ful psychiatric history (particularly regarding anxiety, depres-
sion, and similar psychological disorders), the State-Trait 
Anxiety Inventory, and personality indices (to assess extrover-
sion/introversion) may be useful screens for spaceflight-related 
anxiety studies. Furthermore, personality indices that include 
a measurement of anxiety such as the MMPI or NEO PI-3 
may be useful in screening for individuals likely to experience 
anxiety in certain, high-stress situations. In the case that VRE, 
CBT, or other strategies fail to mitigate anxiety, or that a pro-
pensity toward anxiety is not successfully identified prior to 
flight, short- or long-acting BZDs may play an important role 
in achieving anxiolysis. Additional research is necessary 
before any of these techniques can be effectively applied in the 
commercial spaceflight realm, but the findings of this review 
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suggest that successful mitigation may be achievable, and fur-
ther provide direction for future study.

ACKNOWLEDGMENTS

The authors acknowledge the University of Texas Medical Branch Aerospace 
Medicine Residency program and staff for their immense contributions and 
continued investment in the training of future aerospace medicine physicians.

The work presented here was performed in part under a Federal Aviation 
Administration Center of Excellence for Commercial Space Transportation 
grant dedicated to the investigation of future concerns for commercial space-
flight. The authors acknowledge additional support from the National Space 
Biomedical Research Institute (NSBRI) through NASA NCC 9-58. While the 
FAA and NSBRI have sponsored this project, neither endorsed or rejected the 
findings of this research. The presentation of this information is in the interest 
of invoking aerospace community comments on the results and conclusions of 
the work presented here.

Authors and affiliations: Robert A. Mulcahy, M.D., M.P.H., Rebecca S. Blue, 
M.D., M.P.H., Johnené L. Vardiman,M.S., Tarah L. Castleberry, D.O., M.P.H., 
and James M. Vanderploeg, M.D., M.P.H., University of Texas Medical Branch, 
Department of Preventive Medicine and Community Health, Galveston, TX.

REFERENCES

	 1. 	 Agras S, Sylvester D, Oliveau D. The epidemiology of common fears and 
phobia. Compr Psychiatry. 1969; 10(2):151–156.

	 2. 	 Antuñano MJ, Gerzer R, Russomano T, Baisden D, Damann V, et al.  
Medical safety considerations for passengers on short-duration commercial 
orbital space flights. International Academy of Astronautics Study Group; 
2009. [Accessed Aug. 1, 2016]. Available from: https://iaaweb.org/iaa/
Studies/sg26finalreport.pdf.

	 3. 	 Attkisson CC, Greenfield TK. The UCSF Client Satisfaction Scales: I. The 
Client Satisfaction Questionnaire-8. In: Maruish MA, editor. The use of 
psychological testing for treatment planning and outcomes assessment. 
2nd ed. Mahwah (NJ): Lawrence Erlbaum Associates Publishers; 1999: 
1333–1346.

	 4. 	 Biernacki MP, Jankowski KS, Kowalczuk K, Lewkowicz R, Dereń M. +Gz 
centrifugation and mood. Aviat Space Environ Med. 2012; 83(2):136–139.

	 5. 	 Blue RS, Pattarini JM, Reyes DP, Mulcahy RA, Garbino A, et al. Tolerance 
of centrifuge-simulated suborbital spaceflight by medical condition. Aviat 
Space Environ Med. 2014; 85(7):721–729.

	 6. 	 Blue RS, Riccitello JM, Tizard J, Hamilton RJ, Vanderploeg JM. 
Commercial spaceflight participant G-force tolerance during centrifuge-
simulated suborbital flight. Aviat Space Environ Med. 2012; 83(10): 
929–934.

	 7. 	 Chouinard G. Issues in the clinical use of benzodiazepines: potency, 
withdrawal, and rebound. J Clin Psychiatry. 2004; 65(1):7–12.

	 8. 	 Coldwell SE, Wilhelm FH, Milgrom P, Prall CW, Getz T, et al. Combining 
alprazolam with systematic desensitization therapy for dental injection 
phobia. J Anxiety Disord. 2007; 21(7):871–887.

	 9. 	 Collins WE, Lentz JM. Some psychological correlates of motion sickness 
susceptibility. Aviat Space Environ Med. 1977; 48(7):587–594.

	 10. 	 da Costa RT, Sardinha A, Nardi AE. Virtual reality exposure in the 
treatment of fear of flying. Aviat Space Environ Med. 2008; 79(9): 
899–903.

	 11. 	 Fox S, Arnon I. Motion sickness and anxiety. Aviat Space Environ Med. 
1988; 59(8):728–733.

	 12. 	 Howard WA, Murphy SM, Clarke JC. The nature and treatment of fear of 
flying: A controlled investigation. Behav Ther. 1983; 14(4):557–567.

	 13. 	 Jing X, Wu P, Liu F, Wu B, Miao D. guided imagery, anxiety, heart rate, 
and heart rate variability during centrifuge training. Aviat Space Environ 
Med. 2011; 82(1):92–96.

	 14. 	 Karmali F, Shelhamer M. Neurovestibular considerations for sub-orbital 
space flight: A framework for future investigation. J Vestib Res. 2010; 
20(1):31–43.

	 15. 	 Krijn M, Emmelkamp PMG, Ólafsson RP, Bouwman M, van Gerwen 
LJ, et al. Fear of flying treatment methods: virtual reality exposure 
vs. cognitive behavioral therapy. Aviat Space Environ Med. 2007; 
78(2):121–128.

	 16. 	 Lentz JM, Collins WE. Motion sickness susceptibility and related 
behavioral characteristics in men and women. Aviat Space Environ Med. 
1977; 48(4):316–322.

	 17. 	 Meyerbröker K, Emmelkamp PMG. Virtual reality exposure therapy in 
anxiety disorders: a systematic review of process-and-outcome studies. 
Depress Anxiety. 2010; 27(10):933–944.

	 18. 	 Mühlberger A, Weik A, Pauli P, Wiedemann G. One-session virtual reality 
exposure treatment for fear of flying: 1-Year follow-up and graduation 
flight accompaniment effects. Psychother Res. 2006; 16(1):26–40.

	 19. 	 Mulcahy RA, Blue RS, Vardiman JL, Mathers CH, Castleberry TL, 
Vanderploeg JM. Subject anxiety and psychological considerations for 
centrifuge-simulated suborbital spaceflight. Aviat Space Environ Med. 
2014; 85(8):847–851.

	 20. 	 Newman MC, McCarthy GW, Glaser ST, Bonato F, Bubka A. Motion 
sickness adaptation to coriolis-inducing head movements in a sustained 
G flight simulator. Aviat Space Environ Med. 2013; 84(2):104–109.

	 21. 	 Oakes M, Bor R. The psychology of fear of flying (part I): A critical 
evaluation of current perspectives on the nature, prevalence and etiology 
of fear of flying. Travel Med Infect Dis. 2010; 8(6):327–338.

	 22. 	 Öst L-G, Brandberg M, Alm T. One versus five sessions of exposure in the 
treatment of flying phobia. Behav Res Ther. 1997; 35(11):987–996.

	 23. 	 Paillard AC, Quarck G, Paolino F, Denise P, Paolino M, et al. Motion 
sickness susceptibility in healthy subjects and vestibular patients: Effects 
of gender, age and trait-anxiety. J Vestib Res. 2013; 23(4–5):203–209.

	 24. 	 Rothbaum BO, Anderson P, Zimand E, Hodges L, Lang D, Wilson J. 
Virtual reality exposure therapy and standard (in vivo) exposure therapy 
in the treatment of fear of flying. Behav Ther. 2006; 37(1):80–90.

	 25. 	 Scott W. A fear of flying inventory. In: Kellar P, Hayman S, editors. 
Innovations of clinical practice. Vol. 7. Florida: Professional Resource 
Exchange; 1987.

	 26. 	 Tharion W, Rauch T, Munro I, Lussier A, Bandaret L, Shukitt B. 
Pyschological factors which limit the endurance capabilities of armor 
crews operating in a simulated NBC environment. 1986. [Accessed 
December 2015.] Available from http://www.dtic.mil/dtic/tr/fulltext/u2/
a174273.pdf.

	 27. 	 Warren PH, Poole PM, Abusamra LC. The effects of microencapsulation 
on sensoritnotor and cognitive performance: relationship to personality 
characteristics and anxiety. 1988. [Accessed December 2015.] Available 
from http://www.dtic.mil/dtic/tr/fulltext/u2/a204852.pdf.

	 28. 	 Wiederhold BK, Jang DP, Kim SI, Wiederhold MD. Physiological 
monitoring as an objective tool in virtual reality therapy. Cyberpsychol 
Behav. 2002; 5(1):77–82.

	 29. 	 Wiederhold BK, Wiederhold MD. Three-year follow-up for virtual reality 
exposure for fear of flying. Cyberpsychol Behav. 2003; 6(4):441–445.

	 30. 	 van Wijk C. Submarine escape: the effect of training on anxiety. Mil Med. 
1998; 163:68–70.

	 31. 	 Wilhelm FH, Roth WT. Acute and delayed effects of alprazolam on flight 
phobics during exposure. Behav Res Ther. 1997; 35(9):831–841.

	 32. 	 Wittenborn JR. Effects of benzodiazepines on psychomotor performance. 
Br J Clin Pharmacol. 1979; 7(Suppl 1):61S–67S.

https://iaaweb.org/iaa/Studies/sg26finalreport.pdf
https://iaaweb.org/iaa/Studies/sg26finalreport.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a174273.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a174273.pdf
http://www.dtic.mil/dtic/tr/fulltext/u2/a204852.pdf

