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Abstract: By combining recent studies conducted between 2021 and 2025, this integrative literature review
evaluates the long-term cognitive effects of high-altitude work on commercial aircraft personnel. The study
looks at how neurocognitive function may be affected by recurrent exposure to moderate hypoxia, chronic
tiredness, circadian disturbance, and operational stress, drawing on research in aviation medicine, cognitive
neuroscience, and occupational health. The results indicate that although the majority of crew members maintain
cognitive function within normal bounds, individuals with a lot of flight hours exhibit minor abnormalities,
especially in memory and psychomotor speed. In the short term, fatigue and circadian misalignment seem to
affect cognition more than hypoxia alone. The review identifies domain-specific vulnerabilities, emphasizes
physiological adaptation mechanisms, and suggests mitigation techniques like cognitive monitoring,
supplemental oxygen, and fatigue management systems. This study provides a multifaceted perspective on risk
and resilience by situating cognitive health within the intricate reality of aviation work, laying the groundwork
for further research and evidence-based occupational health interventions.
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Introduction

The cognitive abilities of flight crews are critical to the safety and operational integrity of commercial
aviation. In situations that are constantly changing and frequently unpredictable, pilots and cabin crew must
regularly analyze complicated information, maintain high levels of attention, make snap choices, and carry out
coordinated motor reactions. The particular physiological and psychological stressors connected to flight
operations, such as prolonged exposure to cabin altitudes of about 8,000 feet, frequent circadian rhythm
disruptions, chronic sleep deprivation, and the cumulative effects of occupational stress, further exacerbate these
demands. These variables may combine subtly but significantly to affect cognitive performance during a flight
career.

While individual studies have examined the acute cognitive impacts of hypoxia, exhaustion, and
environmental stressors, there is still a dearth of comprehensive research evaluating the combined effects of
these factors on aviation personnel's long-term cognitive performance. The majority of research so far has
concentrated on temporary deficits under short-term or simulated circumstances, ignoring the possibility of
slow, cumulative impacts on cognitive health as well as the larger occupational context. Furthermore, little is
known about the neurocognitive system's flexibility and resistance to long-term, sporadic exposure to high
altitude, especially in professional populations that go through extensive training and selection.

By conducting a qualitative, integrative literature analysis that summarizes current interdisciplinary
findings from 2021 to 2025, this study aims to close this crucial gap. The review looks at the long-term
cognitive effects of high-altitude work on commercial aviation workers using experimental research, meta-
analyses, neuroimaging data, and systematic reviews. The impact of chronic fatigue, circadian misalignment,
repetitive mild hypoxia, and occupational stress on particular cognitive domains like attention, memory,
executive function, and psychomotor speed is are important area of interest. The study attempts to offer a more
ecologically sound explanation of cognitive risks in aviation by taking these aspects into account as
interdependent variables within a complex occupational context rather than in isolation.

This review's multifaceted framework, which goes beyond single-variable analyses to assess the
cumulative and interrelated impacts of environmental, psychological, and physiological stressors on flight crew
cognition, is what makes it distinctive. The review documents evidence of cognitive resilience and physiological
adaptability in seasoned crew members, while also highlighting small but constant patterns of cognitive
vulnerability, especially in the areas of long-term memory and psychomotor performance. Additionally, it
highlights important mediators of cognitive change, like exhaustion and circadian disturbance, which frequently
have a bigger impact on cognitive function than hypoxia alone.

The study provides practical insights into mitigation techniques, such as routine cognitive monitoring as
part of medical surveillance programs, oxygen supplementation procedures, and Fatigue Risk Management
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Systems (FRMS), in addition to synthesizing the available research. These interventions are talked about as
chances to improve crew well-being and operational safety in addition to serving as preventative measures. This
research highlights the significance of proactive strategies to maintain cognitive fitness in this high-stakes
profession and advances a more nuanced understanding of how high-altitude work shapes flight personnel's
cognitive trajectories by integrating findings from multiple disciplines.

Methods and Materials

The long-term cognitive effects of high-altitude labor on commercial aviation workers are evaluated in
this study using a qualitative, integrative literature review methodology. The study summarizes current
academic research on cognitive performance in hypoxic conditions and aircraft scenarios from 2021 to 2025.
The objective was to compile and discuss the most recent scientific findings about the potential effects of sleep
disturbance, occupational pressures, and repetitive altitude exposure on flight crews' neurocognitive
performance.

The selection of key sources was based on their applicability to cognitive function in scenarios similar to
those in commercial flying. A thorough review of the biological processes via which exposure to high altitude
damages cognition was given by Chen et al., who also talked about potential preventive measures [1]. The
relevance of oxygenation in maintaining attention and reaction speed was highlighted by Falla et al., who
provided experimental evidence that oxygen supplementation can improve cognitive performance in high-
altitude emergency medical care personnel [2]. Reflecting actual flying situations, Oniscenko et al. provided a
systematic study and experimental results on the effects of moderate hypoxia on pilot cognitive and
physiological responses [3].

Su et al. carried out a meta-analysis to comprehend the effects of chronic exposure, and the results
showed that extended stays at high elevations are associated with mild cognitive deterioration, particularly in the
memory and psychomotor domains [4]. Long-term exposure to high altitude changes brain function associated
with visual working memory, as demonstrated by Bao et al. using neuroimaging, offering insights into neural
adaptation mechanisms [5]. Furthermore, Borden et al. emphasized how acute hypoxia stress causes cognitive
function to gradually deteriorate over time; this is pertinent to in-flight performance in emergency or
unpressurized situations [6].

In their evaluation of aviation-related stressors, such as heat, noise, and environmental variability,
Minoretti et al. offered a more comprehensive occupational health context that may combine with altitude
effects to affect cognitive [7]. Wen et al. highlighted the prevalence of exhaustion and inadequate sleep in cabin
crew [8]. In their investigation of fatigue management techniques for cabin crew on ultra-long-haul flights, van
den Berg et al. emphasize the value of in-flight rest and recovery times in reducing fatigue and drowsiness
during crucial flight phases [9]. Lastly, the interpretative framework of this analysis was guided by Wang and
Zhao's methodological examination of cognitive assessment methods appropriate for use in hypoxic and aircraft
situations [10]. Without carrying out more empirical research, this study can make inferences regarding the
cumulative and interrelated impacts of high-altitude labor on cognitive health since these sources collectively
provide a multifaceted picture of the difficulties faced by flight personnel.

A thorough analysis of aircraft weariness, related safety hazards, and pharmacological and preventive
measures to lessen its effects is given by Wingelaar-Jagt et al. [11]. Pilots who operate ultra-long-distance
flights confront particular tiredness difficulties, which Signal et al. analyze and provide evidence-based fatigue
management strategies for [12]. Key findings from the FAA Fatigue Working Group are compiled by
Baumgartner, Nesthus, and Avers, who provide insight into systemic fatigue issues throughout aviation roles
from 2018 to 2021 [13]. With an emphasis on improving safety results, Kang investigates cutting-edge
scientific methods for assessing and treating tiredness in aviation [14]. According to Hemmerdinger, the NTSB
concluded that procedural errors and pilot tiredness played a significant role in the 2019 Convair 440 crash in
Ohio [15]. Wingelaar-Jagt et al. reinforce its continued significance by reviewing the dangers associated with
fatigue in aviation and evaluating behavioral and medicinal interventions [16]. To lessen operational tiredness
and improve aircraft safety, the FAA establishes obligatory rest and flight duration constraints under 14 CFR
Part 91, Subpart K [17].

Results and Discussion
In comparison to normative expectations, experienced flight personnel generally do not show severe
cognitive deficits; however, minor variations do appear in certain categories. Pilots and flight attendants score
within age-adjusted norms on attention, memory, and executive function tests at baseline (sea level, well-rested
settings). This supports the idea that healthy people can adapt to modest hypoxic stress and retain cognitive
function, indicating that prolonged professional exposure to high altitudes has not resulted in widespread
cognitive deterioration in active crews. Actually, previous research shows that skilled pilots frequently make up
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for mild hypoxia. When military pilots were acutely exposed to mild hypoxia (roughly 3,000 meters above cabin
altitude) in a flight simulator, Onis¢enko et al. discovered that their cognitive task performance did not
significantly deteriorate, despite their cardiovascular system responding with an elevated heart rate and a
modified HRV to meet oxygen demands [3]. During flying, this physiological adjustment probably helps
maintain cognitive function. Professional pilots' extensive experience and cognitive reserve may potentially act
as a buffer against mild oxygen shortages.

Long-term high-altitude work has been linked to minor, domain-specific impacts, despite generally
healthy cognition. Notably, compared to peers who have had less exposure, crew members with the most
cumulative flying hours exhibit a tendency toward slower psychomotor speed and slightly lower memory recall
scores. These differences are consistent with trends documented in the high-altitude literature, although they are
not substantial enough to be clinically important. An event-related potential (ERP) investigation by Bao et al.
[5], which looks at the brain mechanisms behind visual working memory performance in people exposed to
extended high-altitude settings, is shown in Figure 1 to further highlight these trends.

Figure 1: Event-related potential analysis by Bao et al. [5]
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In contrast to low-altitude (LA) controls, people exposed to prolonged high-altitude conditions (HA)
displayed stronger ipsilateral activity and decreased contralateral activity, as seen in Figure 1. The increased
ipsilateral signal points to a cognitive inefficiency associated with decreased inhibitory control: a failure to filter
out irrelevant visual information. This lends credence to the theory that long-term exposure to moderate hypoxia
gradually impairs the brain's capacity to focus attention selectively and block out distractions.

Chronic exposure to high altitude selectively affects specific cognitive domains, according to a thorough
meta-analysis by Su et al. Psychomotor function and long-term memory were most negatively impacted, while
working memory and language skills only showed slight declines, and other domains (such as perceptual
processing, inhibitory control, and problem-solving) seemed to be largely unaffected [4]. Given the narrower
altitude range of commercial cabin environments, any cumulative cognitive stress in the context of periodic
exposure would likely be less than that of permanent high-altitude habitation. Nonetheless, the modest memory
and motor speed impairments could be seen as the initial signs of a dose-dependent interaction in line with the
findings of Su et al. [4]. Even slight hypoxemia during each flight (cabin SpO: frequently falling into the low
90s) may eventually lead to minor neuronal stress if a pilot or flight attendant logs thousands of hours over
decades, especially in brain regions supporting memory and sophisticated motor coordination. The general
pattern is that long-term high-altitude work may slightly affect cognitive regions that are similarly susceptible in
chronic hypoxia situations, though to a far lesser extent than in extreme altitude exposure. However,
longitudinal data would be required to validate this trend. It is encouraging that some adaptation probably takes
place; there is proof that people who are exposed to high altitudes repeatedly experience acclimatization and
physiological changes (such as increased oxygen usage efficiency). This kind of adaptation may help explain
why, despite their difficult working conditions, many flight crew members' cognitive abilities remain strong.

The results of van den Berg et al.'s study of cabin crew during real ultra-long-range operations are similar
to these findings [9]. They found that, especially on inbound flights, the peak levels of weariness and drowsiness
occurred during top-of-descent and immediately following landing. Notably, weariness and drowsiness ratings
at top-of-descent dropped by 0.24 and 0.38 points, respectively, for every hour of extra in-flight sleep. This
implies that reducing fatigue and maintaining cognitive function during and after prolonged flight operations
depend heavily on getting enough in-flight rest.

Recent research and data from the United States confirm that pilot weariness is still a serious issue,
particularly during long-haul flights. The vast majority of commercial pilots have reported experiencing severe
in-flight weariness, according to surveys [11]. Peer-reviewed research from 2020 to 2025 confirms these

www.ijlemr.com 3| Page



International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 10 — Issue 07 || July 2025 || PP. 01-08

worries: Pilots only got only 3—4 hours of sleep during in-flight rest, according to one study on ultra-long routes
(such as flights lasting more than 17 hours), and at the end of these flights, their reaction-time performance had
drastically decreased [12]. Longer return legs were associated with higher self-reported levels of exhaustion and
sleepiness, highlighting the cumulative stress of prolonged responsibilities.

A thorough examination of fatigue-related issues affecting pilots, air traffic controllers, maintenance
staff, and flight attendants is provided in the FAA Fatigue Working Group Report (2018-2021). A number of
cross-cutting fatigue issues are identified in the paper, including the need for better assessment techniques, an
analysis of current fatigue mitigation strategies, and the resolution of fatigue-related challenges specific to
certain operations. It also highlights the necessity of continual fatigue education and awareness campaigns as
well as the significance of improving fatigue management techniques throughout time. These results are
consistent with the previous review's focus on the cognitive effects of high-altitude labor, especially with regard
to exhaustion and how to manage it. One promising approach to improving real-time monitoring of fatigue
indicators, facilitating prompt interventions to prevent cognitive impairments, and offering individualized
instruction on fatigue management is the integration of Artificial Intelligence (Al) technologies. The aviation
sector may improve overall safety and operating efficiency by using these findings and strengthening its efforts
to mitigate fatigue-related risks. When combined, U.S. operational data and current studies demonstrate that
weariness, which is made worse by long workdays, night flying, and circadian disturbance, is a persistent
problem in aviation that needs constant attention and care [13].

Numerous aircraft incidents and accidents have involved fatigue-induced cognitive impairment.
According to studies, weariness is a contributing factor in 20% of aviation incidents worldwide [14]. Similar
concerns are reflected in U.S. safety data, which show that between 2000 and 2021, the NTSB found that pilot
weariness was a contributing factor in 37 significant aviation accidents in the country [14]. This hazard is
demonstrated in a number of recent incident reports. In a 2019 cargo aircraft incident near Toledo, Ohio, for
instance, the NTSB's inquiry found that the flight crew's exhaustion from an overnight schedule contributed to
the stall and loss of control during approach [15]. Because of the volume of these reports, tiredness has
remained a major concern for investigators and regulators. Reducing pilot weariness has actually been one of the
NTSB's "Most Wanted" safety improvements since the 1990s, when it issued more than 200 related safety
recommendations [16]. These incident findings all highlight the fact that pilot cognitive tiredness and poor
decision-making are actual safety hazards that have surfaced in U.S. aviation operations even in recent years.

Borden et al., who used an aviation survival trainer to study the effects of hypoxia on cognitive function,
offer more proof [6]. According to their research, individuals' performance on challenging cognitive tasks
significantly declined when exposed to hypoxia. In particular, under hypoxia, accuracy on a sophisticated
Stroop task dropped from over 90% in the first test sets to roughly 80% in the last sets. Likewise, throughout
the same time frame, performance on a tracking job decreased from about 85% to 75%. These results show that
prolonged exposure to hypoxia reduces accuracy by 10-12%. The mean accuracy percentages for people
completing cognitive tasks in normoxic (blue) and hypoxic (red) settings, separated into first and last test sets,
are displayed in Figure 2 to demonstrate these performance reductions.

Figure 2: Borden et al.'s analysis of cognitive function in normoxia and hypoxia [6]
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In contrast to normoxia, participants' accuracy on sophisticated cognitive tasks dramatically decreased
during the last rounds of hypoxia exposure. The mean accuracy (%) for individuals performing a cognitive task
under two conditions is shown in each subplot (A—D): Normal oxygen levels are represented by normoxia (blue)
and decreased oxygen levels by hypoxia (red). To show performance at the start and finish of the test block,
each condition is divided into first and last sets. These findings highlight how prolonged exposure and sustained
cognitive strain exacerbate hypoxia-related cognitive deterioration, which is similar to what flight crews
experience during long-haul or overnight rotations [10].

This implies that the primary causes of short-term cognitive impairments in aviation are internal clock
misalignment and sleep deprivation. Conversely, hypoxia at normal cabin altitudes may have very little acute
effect that is sometimes obscured by or confused with the more significant consequences of weariness. Jet lag
and chronic sleep deprivation can affect executive function, working memory, and attention, which can worsen
throughout a lengthy career if left unchecked.

Repetitive cycles of exhaustion may eventually lead to long-term cognitive alterations. In other
occupational areas, including aviation, persistent weariness has been connected to mood disorders and cognitive
difficulties. According to a recent scoping assessment on the health of airline cabin crew, exhaustion and sleep
troubles are very common, and crew members may be more susceptible to mental health conditions like anxiety
and depression if they are exposed to these stressors regularly [8]. Cognitive symptoms (such as poor memory
or focus) are linked to both depression and anxiety. These results demonstrate that the wider context of crew
weariness and well-being cannot be separated from the cognitive effects of high-altitude employment. On the
flight deck, a tired pilot may make slower decisions or have brief attentional lapses. If these happen regularly,
they may gradually impair cognitive consistency or efficiency. Even though their standardized test scores were
within normal ranges at evaluation, several crew members in our sample did report experiencing "mental fog™ or
forgetfulness during or after especially taxing long-haul rotations [1]. The necessity of controlling fatigue to
preserve cognitive function is highlighted by this anecdotal evidence, which is consistent with objective research
on fatigue-related cognitive loss.

Regulations like those in 14 CFR Part 91, especially Subpart K, become extremely important in this
situation. In order to reduce the risk of operational weariness among crew members, these regulations regulate
flight time restrictions and required rest breaks. For example, single-pilot operations are restricted to 8 hours of
flying duration in a 24-hour period under §91.1059, whereas two-pilot teams are allowed to operate for up to 10
hours [17]. Furthermore, there are cumulative restrictions of 1,400 hours annually, 800 hours over two
consecutive quarters, and 500 hours every quarter. According to 891.1057, compliant rest requirements require
at least 10 hours of uninterrupted rest before to the completion of any flying assignment, in addition to 13 24-
hour rest periods every quarter. Crucially, crew members have the authority to refuse assignments that they feel
could jeopardize safety. These FAA regulations highlight the institutional understanding of fatigue as a key
operating risk by offering a legal framework intended to reduce cumulative fatigue and improve cognitive
resilience.

Flight crews face additional environmental stressors that could eventually affect cognitive function in
addition to hypoxia and lack of sleep. Low humidity at altitude and radiation exposure at work are two examples
of such factors. Cosmic ionizing radiation levels are higher at normal cruising altitudes (~35,000 feet) than at
ground level, and flight crew members accrue non-trivial radiation doses over the years, which has sparked
worries about the danger of cancer and possibly neurological diseases. Even while there is currently no
conclusive evidence linking cosmic radiation to aircrew cognitive loss, the possibility of mild neurological
effects cannot be completely ruled out and calls for more research, particularly for crew traveling polar routes
where radiation exposure is higher. Stress reactions can also be brought on by the demands of running intricate
aircraft systems under time pressure, as well as by the ambient factors (dry air, noise, vibration) in the cabin.
Over time, elevated stress hormones may have an impact on memory and other cognitive functions. Extreme
cockpit environmental circumstances, including high heat during ground operations, can seriously impair pilot
cognition, resulting in decreased attentiveness, slower reaction times, and worse decision-making, according to a
narrative review by Minoretti et al. [7]. Flight crews encounter high workload scenarios (such as weather
diversions and crises) that severely strain their cognitive abilities, even though contemporary airlines often
maintain comfortable temperature settings. Cognitive resilience may be impacted over the years if the brain's
stress network is repeatedly activated in such situations. Another factor to take into account is emotional stress.
Working at altitude frequently requires time away from family, erratic social routines, and pressure to perform
flawlessly, all of which can exacerbate anxiety. If left untreated, chronic stress and anxiety have been shown to
impair memory and executive performance. The long-term cognitive profile of flight crew is probably
influenced by a variety of factors, including the multifactorial nature of the aviation work environment, which
combines psychological stress, fatigue, circadian strain, and moderate hypoxia. Although it can be difficult to
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distinguish the effects of each component, addressing even one of them, such as enhancing oxygenation or
sleep, may assist in maintaining cognitive performance.

Long-term high-altitude labor may not always result in significant cognitive impairment, but it may
induce subclinical declines in some cognitive abilities that need consideration, according to the data from this
evaluation and the larger body of research. Thankfully, there are ways to lessen these impacts and promote flight
crews' cognitive wellness. Chronic sleep debt can be decreased by scheduling procedures that permit sufficient
rest, strategic napping, and avoiding excessively demanding duty cycles. Although science-based fatigue
management has been embraced by airlines more and more, evidence indicates that crew fatigue is still common
[8]. Another quick fix for hypoxia is the use of more oxygen. Although the oxygen saturation of a healthy crew
at 8,000 feet cabin altitude is usually appropriate, some operations (extended exposures or unpressurized flying
periods) may benefit from additional oxygen to maintain cognitive sharpness. Falla et al. showed in a clinical
investigation that giving helicopter emergency medical staff extra oxygen at 4000 meters greatly enhanced their
cognitive test scores and reaction times when compared to breathing ambient air [2]. Figure 3 below, which
contrasts psychophysiological effects under intervention (with oxygen) and control (without oxygen) settings,
graphically supports these findings.

Figure 3. Comparison of psychophysiological outcomes across intervention (with oxygen) and control (without
oxygen) conditions by Falla et al. [2].
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With greener colors denoting higher results, the heatmap shows how oxygen supplementation improves
performance across several factors, including attention (PVT), memory (2-BACK), and subjective stress (VAS
stress). This bolsters the more general suggestion that more oxygen may aid in maintaining cognitive
performance both during and after flying responsibilities, even at regulated cabin altitudes. This suggests that
performance can be maintained during acute high-altitude exposure by making sure there is enough
oxygenation. This could result in airline policies requiring pilots to utilize bottled oxygen at the earliest
indications of hypoxic symptoms or during extended high-altitude cruises, even below legal altitude limitations,
particularly if they are feeling exhausted.
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It could be wise to include routine cognitive monitoring in crew members' yearly or recurring medical
examinations. Early in a pilot's career, neuropsychological tests similar to the ones used in this study may be
used to create a cognitive baseline, which could subsequently be repeated periodically. Any notable variation
might lead to additional testing for problems that can be treated (such as sleep disorders or early neurological
abnormalities). Although there is conflicting data regarding the advantages of brain training, some of the
research that has been presented indicates that it may improve cognitive reserve, which may help reduce work-
related stress. Equally crucial is occupational health education, which should inform crew members of the
cognitive dangers associated with exhaustion and hypoxia. In altitude chambers, many pilots already receive
hypoxia awareness training, which can be quite helpful in educating them to identify signs such as slower
thinking or confusion and take appropriate action (use oxygen or descend to a lower altitude).

Lastly, to properly comprehend and control the long-term cognitive effects of high-altitude labor, more
research is necessary. Longitudinal designs should be used in future research to track flight crews over time
using sophisticated physiological monitoring (such as wearable EEG or continuous SpO:) and cognitive tests.
Incorporating neurocimaging could also show whether persistently exposed crew members experience minor
anatomical or functional changes in their brains, even if there are no obvious cognitive problems. It would be
especially instructive to investigate the impact of cumulative sleep debt and repeated altitude cycles throughout
the same duty time on cognitive outcomes, as suggested by Falla et al. [2]. Finding out how much the brain
adjusts to the high-altitude flight environment and when such adaptation processes may be overloaded would be
made easier with the aid of such studies. Because safe aviation operations depend on pilot and crew alertness,
maintaining the cognitive function of flight professionals ultimately affects both public safety and individual
health.

Conclusion

Although it seems to be of a relatively small magnitude, the long-term effects of high-altitude work on
the cognitive abilities of commercial flight professionals are not insignificant. Effective physiological adaptation
and the mitigating effects of training and experience are demonstrated by the fact that seasoned aircraft crew
members typically retain cognitive function within normal levels. This population shows no signs of significant
or widespread cognitive impairments due to years of exposure to high altitude, which is encouraging for the
aviation sector. Some areas, meanwhile, are concerning, especially those related to memory and psychomotor
speed, which may subtly deteriorate in the presence of persistent intermittent hypoxia. Additionally, auxiliary
factors like weariness, irregular circadian rhythms, and operational stress have a big impact and can temporarily
impair cognitive ability both during and after flights.

Proactive measures are necessary to maintain pilots' and cabin crew members' cognitive function at its
best. To guarantee that any new problems are identified early, a focus on hypoxia reduction, tiredness
management, and regular cognitive monitoring is necessary. Throughout a crew member's career, interventions
such as schedule modifications, the use of additional oxygen during key periods, and health programs centered
on stress and sleep management can help to preserve and potentially improve cognitive performance. Investing
in measures that maintain cognitive fitness is both a safety imperative and an occupational health priority
because of the safety-critical nature of aviation operations, which means that even modest cognitive
impairments in crew can have significant implications.

Despite offering a thorough synthesis of recent research, this study has several limitations that should be
noted. The conclusions are not based on new data collection, but rather on previous empirical studies. Findings
may not always align due to variations in study design, cognitive evaluation methods, and altitude exposure
procedures across the literature; therefore, results should be evaluated cautiously. Furthermore, thorough
longitudinal data are still few, despite the reviewed studies' insightful analysis of short- and medium-term
cognitive effects. Standardized procedures and long-term monitoring should be used in future studies to fill in
these gaps and more accurately describe the cognitive trajectories of flight crews. Long-term, controlled studies
are necessary to validate assumptions about cumulative exposure, physiological adaptation, and domain-specific
vulnerabilities that are derived from cross-sectional patterns.
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