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HIGHLIGHTS
This article highlights dry eye
syndrome in aviators as an
occupational condition arising
from low cabin humidity, visual
demands, altered blinking
behaviour, and modifiable
lifestyle factors. We provide an
overview of the disease in this
professional group and discuss
the key pathophysiological
mechanisms underlying its
development.
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ABSTRACT

This narrative review synthesizes current evidence on the prevalence and mech-
anisms of dry eye disease in pilots and aircrew. Included original papers evalu-
ated ocular surface biomarkers, blinking behaviour, environmental exposures,
and lifestyle factors under real or simulated flight conditions. Dry eye disease
is common in aviators. In-flight conditions can destabilize the tear film and in-
duce inflammatory changes, and specific visual demands during flight operation
suppress spontaneous blinking. Recent studies also suggest that physical activity
may influence tear film stability in this population. Collectively, these findings
support a complex model of dry eye disease in pilots.

Key words: dry eye syndromes, aircrew, blinking, environmental exposure, oc-
cupational health
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INTRODUCTION

Dry eye disease (DED) is more often recognized as an oc-
cupational health concern [1]. Pilots and other aircrew
members are exposed to unique environmental and visual
stressors, including low cabin humidity, continuous screen
monitoring, high cognitive workload, and variable light
conditions. All these factors may affect tear film stability
and ocular surface integrity [2].

Studies have demonstrated that even mild ocular surface
disruption can impair contrast sensitivity, reaction times,
and sustained visual attention [3, 4] — parameters essential
for safe and efficient flight. That shows the importance of
diagnosing and managing DED in aviators. While previous
research has begun to characterise the prevalence of DED
in pilots, the latest research also provides insight into the
molecular pathways underlying the disease and identifies
factors that influence dry eye symptoms and parameters.
The interplay between the aircrew lifestyle, their work con-
ditions, and ocular surface physiology is the main focus of
the recent studies. Factors inherent to a pilot’s job, such
as irregular daily routines, night shifts, and limited time
for physical activity, can have a substantial impact on vi-
sion comfort. Therefore, not only physical factors and con-
ditions on board the aircraft may be important, but also
those resulting from the patient’s choices.

DED and Meibomian gland dysfunction leading to DED
can be characterised by parameters and scores for the di-
agnosis and monitoring of a patient’s state, such as non-in-
vasive tear breakup time (NIBUT), tear film osmolarity
(Tosm), and tear meniscus height (TMH). However, in the
context of aviation, the blinking behaviour, a functional
component of DED, is particularly significant.

The present review synthesizes recent studies evaluating
dry eye biomarkers, blinking behaviours, and environmen-
tal exposures with lifestyle-related factors among pilots
and aircrew. Emphasis was placed on research that eval-
uated ocular surface parameters in simulated or in-flight
performance settings in order to highlight mechanisms
that may be specific to the aviation environment and to
identify gaps requiring targeted future research. This ap-
proach allows for understanding how aviation conditions
shape the pathophysiology of DED.

METHODS

A structured literature search was conducted using Pu-
bMed, Web of Science, and Scopus databases to identify
original research articles published up to November 2025.

» o«

Search terms included combinations of: “dry eye’, “ocular
surface’, “tear film’, “blink rate”, “pilot’;, “aviator”, “
“flight crew’, “aviation” Boolean operators (AND/OR)
were applied. Studies were selected based on thematic rel-

evance rather than predefined quantitative criteria. Only

aircrew’,
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original studies were included. The research group com-
prised pilots, aircrew members, and individuals exposed
to simulated or actual flight conditions, in whom ocular
surface integrity and blinking parameters were evaluated.
Both experimental and observational designs were eligible.
Exclusion criteria included review articles, letters, case re-
ports, and studies involving non-aviation populations. Ar-
ticles without an accessible full text in English or lacking
quantitative ocular outcomes were also excluded. Table
1 summarizes the included studies, compiling authors of
the study, year of publication, type and design of the study,
sample size, and main results.

Given the heterogeneity of study designs, outcome meas-
ures, and experimental conditions, a formal meta-analysis
was not feasible. Instead, findings were synthesized qual-
itatively, with emphasis on identifying recurring patterns,
mechanistic pathways, and areas of inconsistency or un-
certainty within the existing literature.

RESULTS

Epidemiology and prevalence in aviators

Across civilian and military cohorts, DED and DED-like
symptomatology are common among flight personnel. In
a prospective observational study by Sight et al. [12] of In-
dian commercial pilots, DED was present in 34%, and total
flight hours were higher for affected pilots (p = 0.001). The
disease, in this study, was defined by non-invasive average
tear break-up time (NIAvg-BUT) under 10 s. It under-
scores a dose-exposure relationship between flying time
and tear film instability.

Similar results were found in European civilian aircrews.
In the study by Fachinetti et al. [11], from an aviation med-
ical centre, 12.7% of patients reported moderate to severe
symptoms on the Standard Patient Evaluation of Eye Dry-
ness (SPEED) questionnaire [14]. It is a validated tool de-
signed to quantify the frequency and severity of common
dry eye symptoms such as dryness, soreness, irritation,
and visual fatigue. However, objective signs were more fre-
quent. The result of the Schirmer test under 10 mm was
present in 25.4% of patients, and the result of TBUT un-
der 10 s in 24.9% of them. Notably, in 18.8% and 17.6% of
asymptomatic crew members had abnormal Schirmer test
results or TBUT, respectively. This demonstrates a dissoci-
ation of symptoms and signs in flight crews. The authors
described this as a “stoic phenotype,” in which individuals
devalue or do not feel their symptoms of dryness, which
are reflected in the objective evidence of impairment.
There is more epidemiological evidence from a study con-
ducted by McCarty et al. [5]. Over 1200 Australian commer-
cial pilots took part in a survey study. 72.3% of participants
reported ocular dryness during the flight, while 5.4% of

OPHTHATHERAPY

Copyright © Medical Education

Vol. 13/Nr 3(51)/2026 (A280926)



TERAPIE ZACHOWAWCZE

1

CONSERVATIVE TREATMENT

Characteristics of included studies.

Author and year

Type of study

Study design

Sample size

Results

McCarty and Mc-
Carty [5], 2000

cross-sectio-
nal study

Questionnaire survey of Australian commercial
pilots assessing self-reported dry eye symptoms.

1246 Australian
commercial pilots

72.3% reported dry eye symptoms
during flight

Uchiyama et al. prospective Exposure to 2 humidity ranges (20-25% vs. 18 (patient with evaporative rate was increased by
[6], 2007 experimental 40-45% RH) in simulating airplane cabins. dry eye) 99.72% under low humidity (P <0.001);
study + a significant effect observed across all
11 (control group) study groups
Teson et al. [7], prospective | Patients with DED exposed to simulated in-flight | 35 patients with after 2 h simulated in-flight con-
2013 controlled conditions (23°C, 5% relative humidity, localized DED ditions: symptoms increased; |, TBUT
study air flow, and 750 mb). (20 simulated in- | (=2.18 s>1.53 5); . PRTT; 1M corneal sta-
Control group: patients with DED exposed to si- | flight conditions ining; MMtear IL-6; TMMP-9 and | EGF;
mulated standard condition (23°C, 45% relative + under simulated standard condition

humidity, and 930 mb).

15 simulated stan-
dard condition)

only mild staining changes were
observed

Mowry and Ison

cross-sectio-

The study used a questionnaire mailed to pilots

178 U.S.-based

eye-related symptoms rose with more

[8], 2015 nal study to assess exposure to computer displays and pilots computer-based instrumentation used
symptoms of CVS. (including U.S. by pilots (p = 0.03)
Symptoms were grouped into three domains: territories)
eye-related, vision-related and posture-related.
Veraetal. [9], prospective The study assessed tear osmolarity before and 19 pilots maximal exercise increased Tosm; the
2017 experimental after a maximal treadmill test in (10 trained and rise was greater in lower-fitness pilots
study military helicopter pilots, comparing results 9 untrained)
among trained and untrained groups.

Zheng and Jie prospective A comparison of pilot’s workload using NASA- 9 pilots NASA-TLX scores increased and BR

[10], 2019 experimental | -TLX and eye BR across two environments (flight decreased under higher workload in si-

study

simulator vs. real aircraft) and 3 flight scenarios
(standard instrument departure, manual depar-
ture, and standard instrument approach).

mulator, but not in in-flight conditions

Fachinetti et al.

cross-sectio-

Study at an aviation medical centre. Subjective

189 aircrew per-

moderate to severe symptoms of

[11], 2024 nal study SPEED questionnaire was obtained, as well as sonnel DED occurred in 12.7% of crew, while
objective ocular surface tests. objective tests showed reduced tear
production or stability in 25.4%
Singh etal. [12], cross-sectio- | A pilots completed the OSDI questionnaire and 100 civil pilots DED prevalence 34% by NIAvg-BUT,
2024 nal study underwent ophthalmological examinations. but OSDI score was not elevated in any
of participants; higher total flight hours
were associated with DED (p = 0.001)
Schwerd and prospective The experiment in a flight simulator assessed 10 pilots BR with increasing task load and was
Schulte [13],2024 | experimental 3 factors: task type (air vs. ground target classi- lowest under dual-task conditions;
study fication), task difficulty (low vs. high), and task blinks clustered after decision points

presence (single vs. dual task).
The comparison of BR and NASA-TLX workload
scores under different cognitive load levels was
conducted.

and during task switches

BR - blink rate; CVS - computer vision syndrome; DED - dry eye disease; EGF - epidermal growth factor; IL-6 — interleukin 6; MMP-9 — matrix metalloproteinase 9; NASA-TLX
- NASATask Load Index; OSDI - Ocular Surface Disease Index; PRTT - phenol red thread test; RH - relative humidity; SPEED - Standard Patient Evaluation of Eye Dryness question-

naire; TBUT - tear break-up time; Tosm - tear osmolarity.

them reported these symptoms at other times. In a multi-
variable model, two factors were independently associated
with dry eye symptoms during flights: aircraft class (large
jet vs. propeller) (OR = 1.75; 95% CI: 1.34—2.28) and weekly
flight hours (OR = 1.58; 95% CI: 1.34—1.86).

Together, these studies indicate that DED is prevalent in
aircrew when assessed with objective metrics such as NIA-
vg-BUT, TBUT, and the Schirmer test, as well as with sub-
jective reports. A key modifier included aircraft type and
cumulative exposure acting [5, 11, 12].

Environmental and occupational risk factors

Studies simulating airplane cabin conditions demonstrate
changes in the tear film. In a study by Uchiyama et al. [6],
both patients with DED and healthy controls were ex-
posed to varying humidity levels. When relative humidity
(RH) was reduced to 20-25% (conditions typical of aircraft
cabins), aqueous tear evaporation increased almost 2-fold
compared with 40-45% RH. The rise in evaporative rate
was 99.7% (p <0.001). The effect was statistically significant,
indicating that cabin conditions are an important factor in
the evaporative form of DED during flight.
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To complement these findings, Teson et al. conducted
a study focusing on patients with established DED [7]. Par-
ticipants were exposed for 2 h to simulated in-flight condi-
tions (23°C, 5% RH, localized airflow, 750 mb). Compared
with baseline and a standard-condition control (23°C, 45%
RH, 930 mb), this exposure led to significant deterioration
across several parameters. Tear stability worsened (TBUT
decreased from 2.18 [+0.28] s to 1.53 [+0.20] s; p <0.05),
phenol red thread wetting (tear volume test) was reduced,
and corneal fluorescein staining increased (0.50 [+0.14] to
1.25 [£0.19]; p <0.05), with the inferior and central zones
most affected. At the molecular level, simulated cabin
conditions increased pro-inflammatory mediators: IL-6,
MMP-9, and lowered tear epidermal growth factor (EGF),
confirming a rapid inflammatory and homeostatic imbal-
ance triggered by severe dryness.

Modern flight decks and simulators require pilots to spend
long periods focusing on digital display systems. In Mow-
ry and Ison’s study [8], participants completed a survey
assessing the type of cockpit instrumentation they usually
used (“traditional” or “computer-based”), as well as self-re-
ported symptoms relating to eye strain and posture. Results
showed that greater computer-based cockpit exposure
was significantly associated with eye-related symptoms
(p = 0.03), as well as posture-related complaints (p = 0.049).
The eye-related symptoms were described as “dry eyes, wa-
tery eyes, irritated eyes, burning eyes” (fig. 1).

It illustrates the study’s key findings: the proportion of pilots
reporting eye-related computer vision syndrome symptoms
increases with greater use of computer-display-based in-
strumentation.

CONSERVATIVE TREATMENT

Beyond environmental stressors, the consequences of a sed-
entary type of work in pilots can modulate Tosm. Vera et
al. [9] showed that in military helicopter pilots undergoing
maximal treadmill testing with increments, Tosm increased
overall from 303.7 (£6.8) to 310.6 (+8.8) mmol/L post-exer-
cise. These responses diverged by participant fitness level.
Untrained pilots exhibited a marked rise in tear osmolari-
ty after the test (+12.33 mmol/L), whereas in trained pilots
the values were more stable (+1.45 mmol/L). Tosm change
correlated positively with adiposity indices (r = 0.77-0.89)
and negatively with VO,max (r = -0.75) and performance
(velocity r = -0.75; time-to-exhaustion r = -0.67). These data
showed that lower cardiorespiratory fitness may increase
tear hyperosmolarity under exertional stress.

This evidence suggests that the special conditions and char-
acteristics of pilots’ and aircrew’s work may influence the
ocular surface. The level of desiccation destabilizes the tear
film and provokes inflammatory changes at the molecular
level. At the same time, sustained screen tasks are associ-
ated with feelings of dryness, irritation, and burning in the
eyes [7, 8]. Coupled with a lower fitness level, which ampli-
fies exertion-related tear hyperosmolarity, these factors out-
line a convergent pathway to evaporative DED risk in flight
operations [9].

Blinking behaviour and visual function

A mental workload in aviation is described as a cognitive
effort required to manage flight tasks. Two aviation-fo-
cused studies showed complex results: when mental work-
load rises, pilots blink less frequently during the task itself,
but the blink rate (BR) increases during task transitions or

Results from Mowry and Ison [8] showing the prevalence of eye-related symptoms by cockpit instrumentation type.

Prevalence of eye-related symptoms by cockpit instrumentation type
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particularly demanding phases. The symptoms of dry eye
may be exacerbated by both conditions — increased mental
stress and decreased blinking frequency.

In a study conducted in a military flight simulator, Schw-
erd and Schutle [13] examined BR as a dynamic indicator of
mental workload. Aerospace students performed two visual
classification tasks (air vs. ground target identification) un-
der varying difficulty levels (low vs. high) and task settings
(single-task vs. dual-task with altitude control). BR was re-
corded by an eye-tracking system and analysed alongside
the NASA-Task Load Index (NASA-TLX). It is a 6-factor
scale measuring mental, physical, and temporal demands,
performance, effort, and frustration, to quantify perceived
workload. Results showed that BR decreased with in-
creasing workload, particularly in the dual-task condition
(fig. 2), and increased immediately after decisions and task
switches, suggesting blinks mark cognitive transitions. The
authors highlighted notable individual differences and po-
tential fatigue effects.

Zheng and Jie [10] used similar parameters, comparing
blink behaviour and subjective workload across simulator
and in-flight conditions. The authors used the NASA-TLX
to assess 3 flight scenarios of varying difficulty. Each sce-
nario was executed first in a simulator and later repeated in
an actual aircraft.

In the simulator, NASA-TLX scores and BR both varied
with task demand. Higher workload scenarios were as-
sociated with decreased blink frequencies (14,08 vs. 9,83
blinks x min?) and higher subjective workload scores

CONSERVATIVE TREATMENT

(fig. 3). However, BR differentiated the tasks reliably only
in the simulator. The authors concluded that BR can reflect
changing cognitive demands under controlled conditions,
but its expression in real flight is highly context-dependent,
influenced by environmental factors, sensory load, and task
pacing. They proposed using blink dynamics alongside sub-
jective workload measures rather than as an independent
workload indicator.

DISCUSSION

The narrative review integrates current state of research
on DED among aviation professionals. Three studies quan-
tified DED prevalence in pilots [5, 11, 12], including one
in a broader aircrew population [11]. While these papers
provide valuable insight into the scale of DED, studies con-
ducted outside the aviation industry have gone a step fur-
ther by assessing not only the prevalence itself, but also the
performance implications of the disease. For instance, De-
schamps et al. [15] demonstrated that DED significantly in-
creased reaction times and reduced target detection during
simulated driving, correlating these impairments with tear
film instability and higher-order optical aberrations. To
these functional impairments of DED also come reduced
dynamic and functional visual acuity, which represents
motion and real-world visual acuity rather than a static
one [16, 17]. Despite clear differences in task complexity
between driving and aircraft operations, these findings
may indicate a broader perspective of DED, extending be-

Results from Schwerd and Schutle [13] study showing each participant’s blink rate during single-task and dual-task during flying.

It illustrates the study’s key findings: blink rate consistently drops under a higher workload (dual-task).

Blink rate across single and dual task
while classification of ground targets based on incoming sensor images

Blink rate per minute

P1 P2 P3 P4 P5

P6 P7 P8 P9 P10

Participants

Single-task blink rate

Dual-task blink rate
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Results from Zheng and Jie study [10] showing blink rate across 3 different scenarios. It illustrates the study’s key findings: blink

rate decreased under higher-demand tasks (maximal NASA-TLX score).

Blink rate for the three flight scenarios in simulator,
depending on NASA-TLX score

16

14

12

10

Blink rate per minute

Scenerio with minimal
NASA-TLX score

yond subjective discomfort or symptoms during prolonged
visual tasks. The observed impairments in reaction time,
visual attention, and dynamic visual processing suggest
that DED may have implications for operational perfor-
mance and, potentially, safety in high-demanding environ-
ments such as aviation.

Such effects are particularly relevant to pilots, whose tasks
require rapid visual detection and stable gaze. Although in-
cluded studies confirm DED prevalence among aviators [5,
8, 11, 12], none have assessed its impact on flight perfor-
mance. Only Singh et al. [12] explicitly called for research
linking DED with pilot performance and flight crew and
passenger comfort. Future studies should therefore con-
nect ocular surface alterations with objective performance
measures to clarify the operational consequences of DED
in aviation.

Addressing eye issues or other significant comorbidities
might be crucial for their mental and physical health [18].
Persistent dryness, sand sensation, or irritation is a daily,
repetitive stressor. It affects concentration, visual comfort,
and tolerance of prolonged tasks. Sustained fixation on
a single visual target, characteristic of high-demand cockpit
tasks, is associated with increased sympathetic activation
and catecholamine release, leading to vasoconstriction, re-
duced lacrimal gland secretion, and subsequent decrease of
tear film production [19]. Relief in DED symptoms could
therefore improve comfort during the flight and help with
daily duties [20].

Scenerio with medium
NASA-TLX score

Scenerio with maximal
NASA-TLX score

An important insight is to perceive this occupational group
as patients and treat dry eye symptoms holistically. Pilots
spend a great part of their time on the flight deck, often
during the night, which naturally causes fatigue and reduc-
es physiologic reserve [21]. The characteristics of aviation
work include isolation and irregular shifts, which, over
time, may destabilize sleep, mood, and stress regulation.
These components are risk factors for a lower quality of life
in pilots and aircrew, as DED is [22, 23]. Ocular discomfort
can both contribute to and cause broader functional strain.
Physicians should remember that specific conditions of
flight and work characteristics are associated with a higher
burden of internal medicine comorbidities that can con-
tribute directly to DED — hypercholesterolemia, metabolic
syndrome and insulin resistance, hypertension, and sub-
clinical cardiovascular disease [24]. These systemic condi-
tions may promote DED through inflammation, vascular
dysregulation, and altered Meibomian gland dysfunction
[25]. Medications commonly used to manage these diseas-
es (e.g., antihypertensives, antidepressants, antihistamines)
may further aggravate tear film instability [26]. As a result,
in pilots and aircrew, dry eye symptoms should be treated
as a part of the broader picture of an aviator’s health, by
combining management of underlying diseases and intro-
duction of health-promoting behaviours [27].

What seems particularly noteworthy is that lifestyle and
physical activity are emerging as modifiable factors in DED
and may be highly relevant to aircrew. A study by Vera et al.

OPHTHATHERAPY

Copyright © Medical Education

Vol. 13/Nr 3(51)/2026 (A280926)



TERAPIE ZACHOWAWCZE

[9], focusing on military pilots, revealed that trained avia-
tors exhibited fewer changes in tear osmolarity compared
with untrained participants. At the same time, recent re-
search links sedentary behaviours and insufficient physical
activity with higher DED prevalence and elevated inflam-
matory markers in tears [28]. On the molecular level, Tesén
et al. [7] demonstrated that simulated in-flight cabin expo-
sure increased tear IL-6 and MMP-9 and decreased EGEF,
highlighting the inflammatory cascade central to DED.
Collectively, these findings are consistent with the TFOS
DEWS III Lifestyle Report from 2025 [26], which empha-
sizes that regular physical activity, reduced sedentary be-
haviour, and balanced anti-inflammatory nutrition are es-
sential to maintaining tear film homeostasis and mitigating
ocular surface inflammation. Interestingly, pilots’ body
mass index (BMI) above 28.0 kg/m? is associated with sleep
disorders [29], so physical activity as a modulator of BMI
might be a key intervention. These lifestyle recommenda-
tions may be particularly relevant for pilots, offering a pre-
ventive framework to preserve ocular comfort and visual
performance under demanding operational conditions.
Another aspect analysed in this review was the blinking be-
haviour, as it is a component of DED [30]. In the general
population, the spontaneous BR is 15-20 blinks per minute
[31], while the study by Schwerd and Schulte [13] showed
that the BR in pilots decreased during classification of
ground targets as low as 1-15 blinks per minute (fig. 2), and
1-21 during classification of air tracks based on altitude
and velocity. Similarly, Zheng and Jie [10] observed that
professional pilots exhibited a mean BR of approximately
9.83-14.08 blinks per minute across different simulated
scenarios (fig. 3), confirming that higher workload and
visual demand markedly suppress spontaneous blinking.
Both studies investigated cognitive demands alongside
BR, since factors such as fatigue or challenging tasks can
influence blink behaviour [32]. Collectively, these find-
ings suggest that BR is not a simple or stable indicator of
mental workload, but a dynamic context-dependent be-
haviour influenced by cognitive and visual load. Notably,
both studies investigated the relationship between mental
workload, quantified using NASA-TLX, and blinking pat-
terns, but without assessing DED symptoms or diagnosis,
leaving open questions about how such workload-related
blink suppression may interact with ocular surface health
in aviators. However, the results confirm that blinking sup-
pression, as a risk factor of DED, occurs during complex
flight operations.

Most risk factors in aviation cannot be eliminated. Sed-
entary work, irregular working hours, stress, and mental
workload continue to be a huge part of the everyday life of
aviators, especially pilots. As cockpit technology advances,
aviators experience exposure to screens, including newer
and more engaging technologies. This may contribute to

CONSERVATIVE TREATMENT

the onset of dry eye symptoms, increased workload, and
fatigue among aviators. However, modifiable factors such
as increasing cabin humidity and using eye protection
technology in screens should be optimized to reduce vision
discomfort. Importantly, all pilots require comprehensive
optometric care and binocular vision correction to achieve
this goal.

Several limitations should be considered when interpreting
the findings summarized in this review. The available evi-
dence is characterized by substantial heterogeneity in study
designs, outcome measures, and experimental conditions,
ranging from questionnaire-based surveys to controlled
simulator and in-flight studies. Sample sizes in aviation-fo-
cused experimental studies were generally small, while epi-
demiological studies counted over 1200 participants. After
collecting all included studies, the data were presented in
the form of a narrative, integrational synthesis, rather than
a quantitative and systematic comparison.

Future research should prioritize studies that integrate
objective ocular surface biomarkers with functional visual
metrics and task-related performance outcomes. Beyond
safety and performance, increasing attention should be giv-
en to modifiable lifestyle factors, including physical activ-
ity, sleep patterns, hydration, and circadian disruption, as
potential modulators of tear film stability in aircrew. The
development of screening or prophylactic tools tailored to
pilots, such as regular ocular surface assessments or screen
technologies for vision protection, may facilitate early de-
tection and preventive care. In addition, interventional
studies evaluating combined strategies, including ophthal-
mologic treatment, lifestyle optimization, and ergonomic
or environmental adjustments within the cockpit, are need-
ed to define management strategies for this occupational

group.

CONCLUSION

Dry eye symptoms are frequent among pilots and aircrew,
resulting from chronic exposure to low cabin humidity,
prolonged digital cockpit use, and high cognitive workload.
Evidence consistently indicates that these conditions dest-
abilize the tear film, increase inflammation, and suppress
blink frequency, thereby compromising ocular comfort and
increasing the risk of DED. Pilots should undergo regular
ophthalmologic monitoring, maintain adequate cockpit hu-
midity, and implement preventive measures such as artifi-
cial tears and proper eyelid margin hygiene. Future research
should focus on linking dry eye symptoms, such as ocular
surface biomarkers and blink dynamics, to flight perfor-
mance, as well as defining personalized interventions and
recommendations for pilots, including fitness optimization
and anti-inflammatory nutrition, to mitigate DED risk in
aviation.
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