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Abstract

Pilots are crucial to the safety of the airline industry; as a result, their sleep and biorhythm, which are closely related

to fatigue, play an important role. During the COVID-19 pandemic, the Civil Aviation Administration of China
exempted flight crews from mandatory layovers and imposed limitations on duty period and flight times. Given

that the effect of this policy on their sleep and biorhythm is poorly understood, this study explores the key factors
affecting the sleep and biorhythm of pilots on intercontinental flights and compares the rest status on and after flying
days on exempt and non-exempt flights. Eighty pilots flying from China to five countries wore a body movement
recorder, which has been validated for estimating total sleep time, sleep efficiency, and interdaily stability. The results
of the K-means clustering analysis showed differences in sleep and biorhythm on flying days between departures
during the day and at night, west—east and north-south flights, and exempt and non-exempt flights. ANOVA was per-
formed based on the categorization in which each indicator contributed significantly to the clustering (p=0.000). This

study contributes to the literature by validating a new intercontinental flight operation model under the COVID-19
pandemic conditions and proposes critical points for the future management of pilot fatigue on long-haul flights.
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Introduction

Flight safety is important for the sustainable develop-
ment of the civil aviation industry. Pilot fatigue decreases
their alertness and cognitive ability, which increases the
risk of unsafe events. According to the International Civil
Aviation Organization, the main causes of fatigue include
short- and long-term loss of sleep, disrupted physiologi-
cal cycles, and excessive workload [1]. Intercontinental
pilots are particularly at risk of fatigue. When compared
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with short-haul routes, intercontinental flights have long
flying times and cross many time zones; moreover, these
are often night flights, and the resulting circadian mis-
alignment means intercontinental pilots are more likely
to suffer from sleep disorders [2].

Research has shown that sleep deprivation and fatigue
in pilots are not only common but pose significant safety
risks. For instance, a study by Alzehairi et al. found that
sleep disorders are prevalent among commercial airline
pilots, with factors such as long-haul flight schedules
exacerbating fatigue [3]. Additionally, Sallinen et al. high-
lighted the challenges pilots face in maintaining alertness,
particularly during long-haul flights, where the effects of
jet lag and disrupted sleep can impair performance [4].
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The COVID-19 pandemic has led to shifts in avia-
tion operations, including the emergence of ultra-long-
haul flights, which are defined as those lasting over 14.5
h and covering distances greater than 12,842 km [5, 6].
Along with these changes, flight crew exemptions from
mandatory layovers and flight time limitations have been
implemented in many regions, including China, where
the Civil Aviation Administration of China introduced
the “Measures for Exempting Crew Members from Lay-
over and Flight Time Requirements during COVID-19”
(referred to as the exemption policy). This policy has
allowed for operational flexibility but also introduced
new challenges related to pilot fatigue, as pilots are
required to operate without adequate rest during these
extended flight hours [7]. Despite the importance of this
policy, the impact of such exemptions on pilots” sleep
and circadian rhythms remains underexplored. Under-
standing these effects is crucial for developing effective
fatigue management strategies and ensuring flight safety,
especially as the pandemic-induced operational changes
become the new norm.

This study contributes to the existing literature by
examining the sleep and biorhythm patterns of pilots
operating under the exemption policy, with a focus on
identifying key factors influencing fatigue. Unlike previ-
ous research, which often addresses broader operational
models, this study specifically investigates how unique
pandemic-induced changes—such as ultra-long-haul
flights and regulatory exemptions—affect pilots’ sleep
behavior and biorhythms. By comparing sleep charac-
teristics across different flight routes, departure times,
and flight frequencies, the study aims to provide action-
able insights for fatigue management. Furthermore, it
explores the effects of shift scheduling and quarantine
policies on pilots’ rest and alertness, offering a scientific
basis for optimizing crew scheduling and ensuring ade-
quate rest periods.

The findings of this study have practical implications
for the aviation industry, particularly in the context of
evolving operational demands. By analyzing real-world
data from 80 pilots using Actigraph GT3X +body move-
ment recorders, the research provides a detailed under-
standing of how sleep and biorhythms are influenced by
flight operations under the exemption policy. This knowl-
edge can inform the development of targeted fatigue mit-
igation strategies, enhance flight safety, and promote the
sustainable use of human resources in the aviation sector.

Theoretical background and hypothesis
development

Sleep and biorhythm

Sleeping for eight hours daily helps individuals to main-
tain a good alertness level. If a person is sleep-deprived
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for a long time, it will raise the drive to sleep and may
lead to uncontrollable sleep at work, potentially risk-
ing flight safety in the case of pilots [8]. Thus, while a
lack of sleep or low sleep quality can exacerbate pilots’
fatigue [9], staying in a noisy and dry cockpit for a long
time can also adversely impact their rest and mood
[10].

Biorhythm, the periodic rhythm of physiological
activities, forms the regular cycle established by the
functions of humans to adapt to the diurnal changes
of the external environment [11]. Night work, shift
work, and biorhythm contrary to the circadian rhythm
of the region in which individuals are located can indi-
rectly affect their physiological functions and lead to
adverse reactions, such as sleepiness and fatigue [12].
Biorhythm theory states that attention is suboptimal
at night and in the early morning [13]. Several stud-
ies have found that the human body is at the window
of circadian low (WOCL) between 3 and 6 a.m. when
sleepiness is the most obvious [14, 15]. Thus, for inter-
continental pilots, the possibility of errors and acci-
dents is significantly increased at those times; however,
because intercontinental flights are long, pilots can-
not avoid working during the WOCL. Further, jet lag
syndrome caused by rapid travel across time zones can
desynchronize the body’s internal rhythm, making it
difficult to quickly adapt to the time at the destination;
this often manifests as insomnia at night and daytime
sleepiness [16].

In addition, biorhythm and sleep influence each
other. Regular sleep patterns are a prerequisite to
maintain good rhythm, which restores work efficiency
and alertness by regulating sleep tendencies [17].
Contrastingly, the disruption of biorhythm can cause
sleep—wake disorder and prevent pilots from obtaining
sufficient rest [9]. Because the sleep—wake cycle is reg-
ulated by sleep homeostasis and the biological clock,
rhythm disturbances can lead to sleep disorders, such
as sleep phase abnormalities, insomnia, and the loss
of the sleep—wake cycle. Moreover, sleep disturbance
may be experienced simultaneously with sleep depriva-
tion during jet lag [18]. Hence, we posit the following
hypotheses:

H1. Pilots in the critical phases of flights, i.e., takeoff
and landing, during the WOCL have worse sleep con-
ditions and a more disrupted biorhythm than crews
who depart at other times.

H2. East-west flights cause greater rhythm distur-
bance than north—south flights, with eastward and
westward travel leading to more severe jet lag than
northward and southward.

H3. If biorhythm is disrupted, sleep quality diminishes.
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Exemption and quarantine policies

According to ‘Implementation Measures for Exempt-
ing Crew Members from Duty Period and Flight Time
Restrictions during an Epidemic’ [7, 19], long-haul flight
crews traditionally must rest for a minimum of 10 con-
secutive hours at a hotel before completing the return leg
of their trip. However, under the exemption policy, some
flight crews are exempt from mandatory layover and
flight times. For such exempt flights, the expanded crew
(at least three sets of flight crew) could complete a direct
intercontinental round-trip flight within 2-5 h of arriving
at the destination. Further, the exemption policy stipu-
lates that for passenger flights converted to cargo flights,
full freighter flights, and passenger flights with inde-
pendent rest areas, the maximum flight time is 26 h for
three sets of flight crew and 30 h for four sets; however,
for non-exemption flights with two sets, the maximum
flight time is 17 h. The same order of shifts for three sets
of round trips is usually scheduled for flight crews: one
crew is responsible for takeoff and landing, and the other
two crews perform the cruise phase of the flight. For four
sets of flight crew, the first takeoff and landing crew is
responsible for the take-off and landing period, while the
remaining crews are on duty for the cruise flying; for the
return trip, the second takeoff and landing crew would
be responsible for takeoff and landing [7]. Although the
exemption policy enhances operational efficiency, it
also increases duty hours and reduces rest opportuni-
ties, potentially leading to greater circadian rhythm dis-
ruptions among flight crews. Given that exempt flights
involve prolonged duty periods, pilots may experience
increased sleep deprivation and irregular sleep patterns,
which could heighten the risk of fatigue-related impair-
ments. Therefore, we propose the following hypothesis:

H4. Sleep disturbances and rhythm disturbances are
more pronounced after multiple exempt flights.

Under COVID-19 quarantine policies, pilots must
quarantine for 14 days after a non-exempt inbound trip.
Subsequently, they must monitor their health for 7 days,
during which they may fly multiple missions. For flight
crews on exempt flights, after the first negative nucleic
acid test, they are exempt from quarantine and must only
undergo health monitoring for 7 days, during which they
can fly [7]. Quarantine and isolation measures urgently
adopted to control the pandemic might have negative
psychological and social effects [20, 21]. Hundreds of
flight attendants have been infected with COVID-19
since March 2020, with rates of depression ranging from
14.6% to 48.3% in the general population [22]. The pro-
longed stress of infection risks and social isolation may
contribute to heightened anxiety and disrupted sleep pat-
terns, further compounding fatigue among flight crews.
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To better align our research hypotheses with the study’s
findings, we propose the following hypothesis:

H5. Quarantine-related stress and isolation con-
tribute to increased sleep disturbances and rhythm
disturbances.

Methods

Instrument, participants, and sample

Classical methods of fatigue measurement include sub-
jective and objective evaluation. Subjective evaluation
usually uses a scale for participants to self-assess whether
they are fatigued or sleepy, which has a certain degree of
subjectivity and uncertainty [23]. Objective evaluation
methods reflect the fatigue level indirectly through task
performance and biochemical indicators [24]. However,
owing to the limited space of the cockpit and relevant
regulations, this study required convenient, non-invasive,
and easy-to-use instruments.

A total of 80 pilots on intercontinental flights served as
the participants in this study. All participants were male,
with ages ranging from 28 to 46 years (mean +standard
deviation: 35 +5.5 years) and annual flight hours rang-
ing from 140 to 900. The pilots continuously wore Acti-
graph GT3X recorders on their non-dominant wrists
[25], which automatically detected their daily activity
and collected sleep-related data (Fig. 1). The participants
were required to wear the recorders for 48 h before the
first flight on the first four round-trip journeys and for
72 h after the final flight. They could not be removed
unless damaged (e.g., when swimming or bathing). The
study protocol, including the data collection process and
waiver of informed consent, was approved by the eth-
ics review board in accordance with the Declaration of
Helsinki, with all participants being fully informed of the
procedures.

The sample included exempt and non-exempt flights
from China (UTC/GMT +8:00) to Europe (UTC/GMT
0), North America (UTC/GMT -8:00), and Oceania
(UTC/GMT +10:00). The routes to North America
included China—Canada (YVRY/YYZ,? non-exempt
flights) and China—USA (LAX,®> exempt flights). The
routes to Furope included China—Germany (FRA,*
exempt and non-exempt flights), China—Netherlands
(AMS,” exempt and non-exempt flights), and China—
UK (STN,® exempt flights). For Oceania, we studied one

! Vancouver International Airpor.

2 Toronto Pearson International Airport.
% Los Angeles International Airport.

* Frankfurt Airport.

> Amsterdam Schiphol Airport.

¢ London Stansted Airport.
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After 1~4 round trips
\ start quarantine

Fig. 1 Exempt and non-exempt intercontinental flights

route, namely, China—Australia (SYD’/MEL,® exempt
flights). A total of 845 days (daily recording time >22 h)
of valid data were collected, with 726 periods of sleep
(Table 1).

In Table 1, preflight days are the days before the first
flight, inter-flight rest days refer to the interval between
the previous mission and next mission when pilots were
in China, and postflight days mean the 1 to 3 days after
completing the final round trip, often in quarantine or
monitoring health.

Measurements

Actigraph GT3X + recorders

For somatic motion recording, we used Actigraph GT3X
+recorders (Manufacturing Technology Inc. MTI USA),
compact (4.6 cm x3.3 cm X 1.5 cm) and lightweight (19
g) triaxial acceleration monitors widely used in physi-
cal activity and sleep behavior studies [26]. These devices
operate at a sampling frequency of 30 Hz, with a high-
pass filter at 0.25 Hz and a low-pass filter at 2.5 Hz. They
support continuous use for up to 25 days on a full charge
and can store up to 180 days of data (4 GB). Data includ-
ing pilot ID, body position, and recording time were col-
lected and managed using ActiLife 6.13.4 software, which
also handled data downloading, analysis, and integration
(Fig. 2). Sleep—wake detection was performed using the
Cole—Kripke algorithm, a validated method recommended
for adult populations. This algorithm has shown high con-
cordance with polysomnography, ensuring accurate sleep—
wake identification in our adult pilot sample [27].

7 Sydney Kingsford Smith International Airport.
8 Melbourne Airport.

|Exemption
2~5 h layover
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Non-exemption

Rest in hotels
".@' )usually>10 h
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Sleep indices

The followed indices were used to evaluate sleep quality:
sleep efficiency (SE), total sleep time (TST), wake after
sleep onset (WASO), number of awakenings (NOA),
and average awakening length (AAL, Table 2). Sleep
Efficiency (SE) is defined as the ratio of total sleep time
(TST) to time in bed, expressed as a percentage, indicat-
ing how efficiently an individual sleeps. Wake After Sleep
Onset (WASO) refers to the total number of minutes
spent awake after initially falling asleep, until final awak-
ening, reflecting sleep continuity.

To analyze the sleep characteristics concisely and accu-
rately, the entropy weight method was chosen to assign
weights to the indicators and extract the most represent-
ative indicators as variables. The specific steps were as
follows [28].

Step 1. Construct a judgment matrix X, including »
evaluation objects, each with m evaluation indices.

Table 1 Samples and data

Days  Sleeps

Preflight days 103 94
Flying days North America 75 61

(non-exempt flights)

North America 68 56

(exempt flights)

Europe (non-exempt flights) 46 38

Europe (exempt flights) 65 54

Oceania (exempt flights) 71 52
Inter-flight rest days 240 208
Postflight days 177 163
Total 845 726
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Fig. 2 Sleep analysis diagram based on the Actilife software

Table 2 Index weight and sleep order

Index Weight Sequences
SE 0.259213324 2
TST 026251128 1
WASO 0.001623472 6
NOA 0.254629409 3
AAL 0219183615 4
Movement index 0.001069194 7
Fragmentation index 0.001769704 5

In this case, # is the number of recorded periods of
sleep (726) and m is the number of sleep indices (5):

X = [xy]

mn

(i=1,2..0:j=1,2,...1) 1)

Step 2. This step normalizes positively the judgment
matrix, which transforms X into the “larger-the-bet-

ter” type.

Positive attributes (SE and TST) are defined

using Eq. (2):

xl{j _ xjj — min {x,j,x(,'ﬂ)j...,xnj } (2)

max {xl,',xzj, ...,x,,j} — min {xlj,xg/, ...,xnj}

Negative attributes (WASO, NOA, AAL, move-
ment index, and fragmentation index) are defined
using Eq. (3):

x, _ max {xij,x(i+1)j...,xnj } — Xij
ij — .
7 max {xlj,xgj, ...,xnj} — min {xlj,xz,', .‘.,xnj}

(3)

Step 3. Calculate the weight of the ith sleep under
each evaluation index:

xi,'

Pyj=—"—(i=12.,mj=12.,m)

2 Xij @)
i=1

Step 4. Calculate the entropy for all the criteria using
Eq. (5):
n
e =—k Zp,jln(pij); k=1/In(n) > 0;e; >0
i=1
(5)
g =1 —¢ (6)
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Step 5. Calculate the entropy weight w; of the j index:
dj

Wj= - —

7)

S

~.
Il
-

The entropy weight provides useful information about
the evaluation index [28]. Therefore, the three highest
weighted indices (SE as a percentage, TST in minutes,
and NOA) were used as variables to measure the pilots’
sleep characteristics.

Biorhythm indices

As biorhythm indices, interdaily stability (IS) and intra-
daily variability (IV) were used to assess the stability of
the pilots’ circadian biorhythm, calculated based on the
average vector magnitude of all three axes recorded by
the actigraph:

P
N Y X, —X)*
IS = h;l— 8)
Py (X;—X)?
t=1
N
N Y (Xi—X;i1)?
v=—"= )

N
(N =1 > X = Xp)?
t=1
where N represents the total amount of data, P is the
amount of data per day, X is the average of all the data,
X, is the average of each hour, X; is a single data point,
and X;_ is the previous data point.

IS measures the individual’s 24-h biorhythm, which is
the percentage variation in activities in an average 24-h
period, with values closer to 1 being more consistent with
the 24-h biorhythm pattern. IV assesses the rest/activity
rhythm, where a higher value means a greater number of
rest/activity transitions and a more fragmented circadian
rhythm.

K-means clustering

K-means clustering was selected for its ability to effi-
ciently partition large datasets into distinct, non-
overlapping clusters based on similarity measures.
This method is particularly suitable for our study as
it minimizes the sum of squared errors (SSE) or vari-
ance criterion, which is computed as the Euclidean dis-
tance between each individual and the cluster centroid
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to which it has been allocated. The Euclidean distance
metric was chosen due to its simplicity and effective-
ness in capturing the spatial relationships between
data points in a multi-dimensional space. Additionally,
K-means clustering is computationally efficient and
scales well with large datasets, making it an ideal choice
for our analysis [29].

The algorithm process consisted of four steps. First,
we grouped the samples into K groups, with K selected
individuals as the initial clustering centers. Second, we
grouped individuals according to the Euclidean dis-
tance from the initial clustering center. Third, we took
the mean of the cluster node in each group as the new
cluster center and calculated the sum of the squares
of the distances J(c¢) from all the samples to their new
center. Finally, we repeated the second and third steps
until the clustering center and J(c) did not change to
obtain the final clustering center. The calculation pro-
cess was as follows.

Step 1. To ensure that each index’s attribute was
paid equal consideration during the K-means clus-
tering, the original dataset was standardized before
clustering using Z-scores, where x is the original
value of the sleep data, y is the arithmetic mean of
this index, and o is the standard deviation:

x— [
z =

o (10)
Step 2. X = {x1,%9, ..., %;,..,%,} is a dataset con-
taining n d-dimensional data points, which means
x; € R%. After normalization, the K-means cluster-
ing algorithm was used to partition the data into &
clusters C = {¢t,i = 1,2,3,.., k}. Each cluster rep-
resents a group called ¢, and each group has a clus-
ter center named ;. The distances from each data
point in the group to the cluster center were calcu-
lated using Eq. (11):

Jler) = Il — gl

Xi€Cj

(11)

Step 3. The final cluster centers were obtained when
the total distance from the individual in the cluster
node to the cluster centers J(c) was minimized:

n

K K K
J@=> T =D Il —mll> =D duillxi — pull®
k=1

k=1xi€c; k=1 i=1
(12)

(13)

4 1,x; € ¢
K= 0x ¢ ¢
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Results

K-means clustering results

Appendix A show the final clustering centers for the
sleep and biorhythm indices, respectively. ANOVA was
performed based on the categorization in which each
indicator contributed significantly to the clustering
(p=0.000). The contribution of each sleep index to the
clustering was approximated according to the F-value,
where the sleep indices in order of importance of con-
tribution were NOA >TST >SE (586.4614 >418.370
>389.347), while the order of the biorhythm indices
was IV > 1S (1145.861 >750.101).

Figure 3 shows the clustering effect. The sleep of
intercontinental pilots can be divided into four groups,
namely, poor sleep (PS), shorter sleep (SS), longer sleep
(LS), and excellent sleep (ES), with means of 163, 271,
144, and 148 occurrences, respectively. Biorhythm

a

NOA

100 ¢
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comprises regular rhythm (RR) and disturbed rhythm
(DR). RR, which accounts for 76% of total biorhythm,
conforms to a 24-h rhythm pattern and has a low
degree of circadian rhythm fragmentation, while DR
does not meet the 24-h circadian rhythm and has fre-
quent transitions between rest and activity.

PS is characterized by the lowest SE (86.6%), a short
sleep duration on average (260 min), and more awak-
enings (16), whereas LS has a longer sleep duration
(457 min) but lower SE (88.4%) and the highest NOA
(29). SS has the highest SE (94.7%), the lowest NOA (8),
and shorter sleep duration (293 min). ES has higher SE
(94.5%), a mean sleep duration of 502 min, and a lower
NOA on average (14). As shown in Fig. 4, descriptive
trends suggest that pilots with RR may be more likely
to experience longer sleep durations (ES and LS) com-
pared to those with DR, supporting H3. However, this

@ PS
SS
LS

Q@ ES

Sleep behavior classes scater plot

0.0 0.2 0.4

Cluster
e DR
e RR

06 0.8 1.0

Biological rhythms classes scatter plot

Fig. 3 Sleep and biorhythm classification
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Total RR:
547
20.1%
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42.5% Tota| DR: |

179
19%

Fig. 4 Percentages of the sleep and biorhythm groups. Note: poor sleep (PS), shorter sleep (SS), longer sleep (LS), and excellent sleep (ES),

and regular rhythm (RR) and disturbed rhythm (DR)

observation is based on percentage distributions and has
not been confirmed by statistical testing. Additionally,
three-quarters (76%) of intercontinental pilots exhibit a
physiological rhythm aligned with the 24-h rhythm, with
40% achieving a total sleep time (TST) above 7 h and
57.7% obtaining sleep with high SE (> 90%).

Sleep and biorhythm on different days are illustrated in
Appendix B, while inter-flight and postflight rest at vari-
ous flight frequencies are detailed in Appendix C.

Sleep and biorhythm at different departure

times and flight frequencies

Owing to the variations in sample size between the
departure periods, the differences in sleep between
flights at different departure times were compared by cal-
culating the number of each sleep type in each departure
period flight divided by the total number of periods of
sleep recorded in that time. As shown in Fig. 5(a), flights
departing from 0:00 to 5:59 had higher occurrences of
PS and SS, with SS being the most frequent, support-
ing H1. For flights departing in the daytime (06:00 to
17:59), the incidence of ES and LS increased, while that
of PS decreased. Among morning flights, SS was higher,
while ES and LS increased distinctly and PS was the low-
est for the 12:00 to 17:59 departure flights. There was an
increase in the occurrences of PS and LS for departures
between 18:00 and 23:59, where LS was not as efficient
despite the guaranteed rest hours.

The incidence of each type of sleep at different flight
frequencies was calculated by dividing the number of a
sleep type on each shift by the total number of periods
of sleep recorded on that flight. As shown in Fig. 5(b),
during the first flight, 68.8% of the pilots slept efficiently
(SS and ES). During the second flight, the probability of
PS increased, while SS decreased, and only some of the
pilots (12.9%) could guarantee ES. The incidences of ES

and PS peaked during the third and fourth flights (19.6%
and 23.1%, respectively), contrary to H4.

Figure 5(c) shows the number of sleep types at every
departure time for the first to fourth flights. Under the
effect of flight frequencies and departure times, ES
mainly occurred during daytime departures (6:00 to
17:59) and the highest number of third and fourth flights
(N= 6) departed in the afternoon. SS had the largest
share overall, but this decreased on second flights depart-
ing between 18:00 and 23:59, with PS and LS increasing.
As shown in Fig. 5(d), the pilots had a higher probability
of DR on flights departing from 0:00 to 11:59. The rhythm
distribution was similar for all flights departing in the
morning, whereas for flights departing in the afternoon,
there were fewer occurrences of RR on the first flight.
Finally, for both evening and night flights, the occurrence
of DR was the highest on second flights, followed by first
and then third flights.

Sleep and biorhythm on different routes for exempt

and non-exempt flights

East-west vs. North-south routes

In this study, flights to the south (north) were China—
Oceania (Oceania—China, about 9 h), flights to the
east included China—North America (about 12 h) and
Europe—China (about 11 h), and flights to the west
included China—Europe (about 12 h) and North Amer-
ica—China (about 15 h). Figure 6(a) shows that DR was
more likely on journeys heading east—west than north—
south, supporting H2. There were fewer occurrences of
SS and more occurrences of PS when flying east, while
both LS and ES were lower when flying west. For the
north—south route, there was an increase in the number
of SS occurrences when flying north. Figure 6(b) com-
pares exempt with non-exempt flights on North Ameri-
can and European routes, showing more occurrences of
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LS and ES and a smaller proportion of SS on non-exempt
than on exempt flights, and a higher probability of DR.

Inter-flight rest days and postflight days

As shown in Fig. 7, DR was higher at the end of non-
exempt flights and more pronounced on the westward
route (China—-North America), supporting H5. The
proportion of SS was lower at the end of exempt flights
on both routes and LS was greater than on non-exempt

flights. ES was greater after exempt flights in Europe
and non-exempt flights in North America, while there
were more occurrences of PS after exempt flights in
Europe and non-exempt flights in North America.

Discussion

Our results demonstrate that flights from east to west,
layovers at destinations with large time zone changes, and
departure during the WOCL disrupt pilots’ biorhythm.
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Sleep and biorhythm vary by flight frequency, which is
more pronounced on exempt flights than on non-exempt
flights. Although most pilots’ biorhythm and sleep were
in ideal conditions during international flights, excellent
sleep and better rhythm tended to occur simultaneously,
while the probability of having shorter sleep (PS and SS)
was higher on a day when DR occurred, verifying H3. The
in-flight biorhythm of pilots is more susceptible to dis-
ruption on long shifts. Specifically, pilots are more prone

to inefficient sleep on departure days, whereas sleep on
return trips tended to be more efficient but shorter. After
long-haul and ultra-long-haul flights, pilots’ sleep dura-
tion returned to preflight levels within 1 to 2 days, which
is consistent with the findings of an earlier study [30-32].
However, our findings on sleep quality during rest peri-
ods were mixed, with some pilots having high-quality
sleep and others exhibiting inefficient sleep.
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This mixed finding may be due to individual differ-
ences, which could also apply to the current sample of
pilots. The 80 male pilots in this study had ages rang-
ing from 28 to 46 years (mean *standard deviation: 35
+5.5 years) and flight experience ranging from 140 to
900 flight hours. Although the pilots were not specifically
categorized based on mental toughness or self-perceived
exercise exertion, the diversity in flight experience and
activity levels could introduce variability in sleep qual-
ity and subjective sleep experiences. For example, pilots
with greater mental toughness may demonstrate higher
sleep efficiency (SE) and better sleep outcomes, such as
deeper sleep and fewer awakenings, as suggested in pre-
vious studies [33]. Similarly, the level of physical activity
or exertion before bedtime might influence sleep pat-
terns, potentially contributing to the variability observed
in this sample, though this was not explicitly measured
[34]. Further research focusing on these individual fac-
tors could clarify their impact on sleep and recovery
among pilots.

Key factors affecting sleep and biorhythm on flying days
Preflight status, departure time, and route

Preflight status affects sleep and biorhythm during the
journey. We found that better sleep and a more stable
rhythm before the flight ensure that pilots are well rested
during the flight. We also found a relationship between
sleep duration and the start time of work, with pilots who
departed during the WOCL and early morning having
shorter sleep, in line with the findings of [35]. Moreover,
starting work in the evening led to lower SE for pilots
on that day. For departures from 0:00 to 5:59, pilots had
insufficient TST but satisfactory SE, while flights depart-
ing in the evening protected the length of sleep but
reduced SE by forcing pilots to catch up on sleep dur-
ing the day, which is contrary to one’s original circadian
rhythm. Hence, starting work at unusually early or late
times adds to the fatigue experienced by pilots due to lost
sleep time, supporting H1 [36, 37]. Daytime departures
offer better sleep for pilots, with afternoon departures
marginally better than morning departures. Rhythm
disorders are more likely to occur on flights departing
between 0:00 and 11:59, possibly because the degree of
rhythm disruption caused by work and preflight prepara-
tion is at odds with the local circadian rhythm. However,
Fig. 5d also shows a higher prevalence of DR in flights
departing during the daytime (6:00-17:59). This can be
attributed to the fact that pilots operating morning flights
often need to wake up earlier than usual (e.g., 3:00—4:00)
to complete preflight preparations, such as briefings and
safety checks, which disrupts their sleep—wake cycle
and exacerbates circadian misalignment [38, 39]. Addi-
tionally, daytime flights may coincide with the body’s
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natural circadian dip in alertness during the early after-
noon, further contributing to rhythm disturbances [40].
These findings highlight that both nighttime and daytime
departures can impact pilots’ biorhythms, albeit through
different mechanisms.

This study also found that east—west flights had a more
negative impact on sleep, whereas pilots on north—south
routes were generally better rested. Rhythm disturbances
were significantly more frequent on east—west flights,
supporting H2. Although some differences emerged
between eastward and westward travel—such as longer
sleep durations after eastward flights compared to west-
ward ones—both directions led to greater circadian
disruption than north—south routes. This aligns with
previous research indicating that jet lag is primarily
influenced by the number of time zones crossed, which
is more typical in east—west travel. The severity of jet lag
symptoms depends on the route (east or west) and num-
ber of time zones crossed [41]. We found that pilots on
westward flights slept for shorter periods, consistent
with previous studies showing that pilots tend to nap
and sleep longer after eastward travel across multiple
time zones [42]. However, one study found that for each
additional hour of flight time, pilots slept an average of
12.3 min more [43]. This discrepancy may be attributed
to variations in crew size under the exemption policy,
which affects pilots’ work and rest schedules. On the
north—south route, TST was shorter when flying north,
but the south flights in this study were all departures on
the China—Oceania route and were exempt flights (the
north flights were all the return trips), which may have
been influenced by crews’ shift schedules and hampered
comparisons of the north—south route.

Flight frequencies under the exemption and quarantine
policies

The outcomes of the study did not support H4 on pilots’
sleep and biorhythm at different flight frequencies.
Sleep and biorhythm on the first flight were poor, prob-
ably because of the pilots’ daily routine and mood dur-
ing the quarantine period, which support H5. The first
flight post-quarantine was associated with the highest
level of rhythm disturbance, likely due to pilots’ disrupted
biological clocks, reduced social interaction, and the
psychological impact of isolation. People in quarantine
usually have increased loneliness, a restriction of liberty,
and a fear of infection [20], which are associated with an
increased risk of mental health issues [21]. As intercon-
tinental pilots experienced multiple quarantines during
the COVID-19 pandemic, their mental health could be a
concern in the short term. However, as pilots may have
regular napping habits to improve alertness and cognitive
performance, this may protect them against a depressed
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mood during the isolation period [41]. Therefore, rhythm
may be disturbed on first flights, notably during after-
noon departures. On second flights, we found that pilots
had lower SE, while on third and fourth flights, pilots
whose flights departed at night were more vulnerable to
the negative effects of an increased flight frequency. In
summary, on multiple round trips, pilots may have higher
or lower SE. Therefore, the real-time control of pilot
fatigue must inform schedulers to reduce the associated
safety risks.

Factors affecting postflight sleep and biorhythm

under the exemption policy

We found that the biorhythm of pilots on non-exempt
flights with layovers in vastly different time zones was
more easily disrupted than those on exempt flights. Indi-
viduals’ biorhythm and the local time are closely aligned
during overnight layovers, with layover sleep being 105
min shorter on average than preflight sleep [32, 44]. In
contrast, exempt flights, which operate with expanded
crews and reduced layover times, resulted in shorter but
more efficient sleep, stabilizing pilots’ circadian rhythms.
This stabilization not only safeguards pilots’ health but
also provides a new perspective for managing intercon-
tinental routes post-pandemic and during future public
health emergencies.

Furthermore, the degree of rhythm disturbance at
the end of non-exempt flights was higher than that for
exempt flights, particularly on east—west routes (e.g.,
China—North America). Crew members often remain
aligned with the circadian rhythm of their origin when
they first arrive at their destination [45]. For exam-
ple, pilots on China—North America flights were in the
WOCL during Vancouver’s daytime hours (11:00-14:00)
and London’s nighttime hours (22:00-1:00), leading to
more severe disruptions. This supports H1 and H2, as
rhythm disruption was more pronounced during WOCL
operations and on east—west flights compared to other
directions.

Pilots tended to rest longer after exempt flights, while
sleep efficiency (SE) was suboptimal with longer post-
flight sleep after North American trips. Long eastward
exempt flights may result in sleep deprivation, neces-
sitating extended postflight recovery. After flying east
through six or more time zones, the biological clock may
adapt by shifting in the opposite direction, slowing adap-
tation [46]. These findings highlight the compounded
effects of quarantine-related stress, isolation, and rapid
time zone changes on sleep and rhythm disturbances.
This directly supports H5, indicating that isolation and
pandemic-related stressors contributed to pilots’ dis-
rupted rhythms and reduced sleep quality.
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Multiple intercontinental flights also exacerbate the
adverse effects on sleep and biorhythm during rest peri-
ods and in the postflight period, possibly due to the chal-
lenge of adapting to intercontinental flights across many
time zones after prolonged periods of isolation (14 days
or more). Hence, this results in suboptimal SE between
the first and second rest periods. Indeed, we found that
SE was distinctly higher for most pilots between the sec-
ond and third rest periods but lower between the third
and fourth rest periods, with some pilots experiencing
sleep disturbances, possibly due to the effects of jet lag.
These patterns support H4, showing that rhythm and
sleep disturbances increased with more frequent exempt
flights.

There was also the polarization of SE due to differ-
ences in individuals’ ability to adjust. Previous research
has confirmed that “early bird” travelers are more suited
to take westward trips, whereas eastward trips are more
suitable for “night-owls” [47]. After two flights, we found
that pilots’ sleep duration increased; further, after three
or four round trips, the proportion of SE rose, which may
have been due to the increase in flight frequency exacer-
bating pilots’ fatigue. DR was also more likely to occur
after multiple flights and the degree of rhythm distur-
bance was higher during the breaks between two jour-
neys. Adequate rest after a flight can help pilots’ rhythm
recovery. These results reinforce H4 and H3, suggest-
ing that the cumulative burden of multiple flights leads
to circadian misalignment, which subsequently impairs
sleep quality.

Limitations and future research

First, this study did not compare the individual differ-
ences of pilots. Although existing studies indicate that
gender, age, and position do not have an effect on sleep
quality during flights [42], pilots’ social relationships
and family members’ status may have impacted their
emotions and motivation [48]. Second, the only flights
operating on the north—south route were China—Oce-
ania, which were all exempt flights. Therefore, the
results might be less objective for north—south flights.
Third, exempt flights may employ six to eight pilots and
scheduling and range differences influence the amount
of rest time each may receive on board, but these fac-
tors were not incorporated into this study. Finally,
multi-modal fatigue measurement methods were not
used due to the limited space of the cockpit, making
it difficult to identify short naps. Future studies could
combine pilots’ inherent characteristics such as per-
sonality and sleep type with their sleep and circadian
rhythm during exempt flights to improve the analysis of
each influencing factor and provide more accurate data
to improve the exemption policy.
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Conclusions

The results of this study provide evidence that exempt
flights help pilots avoid jet lag to a certain extent. Jet
lag and departure time had an impact on the stability of
pilots’ biorhythm, especially on east—west trips, when
stopping at layovers with large time zone differences,
and when starting work during the WOCL. Simulta-
neously, pilots’ sleep on exempt flights was more opti-
mal than that on non-exempt flights, which supports
the need to manage fatigue on exempt flights. These
findings suggest that more attention should be paid
to sleep and rest conditions on east—west routes than
on north—south routes and that exemption and other
route-related policies should be refined to guarantee
that pilots have sufficient time to recover. Further, the
adverse impact of quarantine on the physical and men-
tal health of pilots warrants urgent attention, especially
their adjustment before the first flight and after multi-
ple journeys. Simultaneously, good rest before a flight
can better guarantee the sleep and biorhythm of the
pilot on board.

Abbreviations

SE Sleep efficiency
TST Total sleep time
WASO  Wake after sleep onset

NOA Number of awakenings
AAL Average awakening length

IS Interdaily stability

\% Intradaily variability

PS Poor sleep

SS Shorter sleep

LS Longer sleep

ES Excellent sleep

RR Regular rhythm

DR Disturbed rhythm

Glossary

Biorhythm A periodic rhythm of physiological activities that determines the

cycle for humans to function.

WOCL The window of circadian low of the human body between 3 and
6 a.m., when sleepiness is the most obvious.

Exemption A policy that exempts flight crew from mandatory layover and
flight times during the COVID-19.

SE Sleep Efficiency is overall sleep efficiency; SE below 85% indi-
cates poor sleep quality.

TST Total sleep time is the cumulative number of minutes of sleep
per day.

WASO Wake after sleep onset is the duration of wakefulness after ini-
tially falling asleep.

NOA Number of awakenings is the number of brief awakenings after
sleeping at night.

AAL Average awakening length is the average length of each awak-
ening after going to sleep.

IS Interdaily stability is used to measure the stability of activity
within a day, based on the mean and overall variability.

\% Intradaily variability is used to evaluate rhythm fragmentation

and based on hourly activity values, measuring differences in
diurnal activity.

Page 13 of 14

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-025-23061-z.

[ Supplementary Material 1. }

Acknowledgements
The authors thank all the pilots who participated in data collection.

Authors’ contributions

Yanru Zhou participated in experimental design, organizing the experiments,
and was a major contributor in writing the manuscript, who also analyzed
data. Jinggiang Li conducted overall planning of research, designing the
experiment, and modified this paper. Huanxi Zhang participated in experi-
mental design, and revising the English vision of manuscript, and analyzed
data. Xining Zhang performed the experiment organization and data analysis.
All authors read and approved the final manuscript.

Funding

This study was supported by the National Natural Science Foundation of
China (U1933122) and the Civil Aviation Safety Capacity Building Foundation
of the Civil Aviation Administration of China (grant number ASSA2023/20).

Data availability

The datasets generated and analyzed during the current study are not publicly
available due to the confidentiality principle of private information of participants.
However, they are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Ethical Committee of Research
Institute of Civil Aviation Safety, Tianjin, China. Given that the present study
participants only wore a body movement recorder on the wrist, it does not
elicit adverse physiological and psychological reactions from the participants.
Informed Consent was waived by an Institutional Review Board of Informed
Consent was waived by an Institutional Review Board of the Ethical Commit-
tee of Research Institute of Civil Aviation Safety.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 January 2024 Accepted: 6 May 2025
Published online: 22 May 2025

References

1. Reis C, Mestre C, Canhao H. Prevalence of fatigue in a group of airline
pilots. Aviat Space Environ Med. 2013;84:828-33.

2. Reis C, Mestre C, Canhao H, Gradwell D, Paiva T. Sleep and fatigue differ-
ences in the two most common types of commercial flight operations.
Aerospace Med Human Perform. 2016;87:811-5.

3. Alzehairi A, Alhejaili F, Wali S, AlQassas |, Balkhyour M, Pandi-Perumal SR.
Sleep disorders among commercial airline pilots. Aerospace Med Human
Perform. 2021;92(12):937-44.

4. Sallinen M, Sihvola M, Puttonen S, Ketola K, Tuori A, Harma M, et al.
Sleep, alertness and alertness management among commercial airline
pilots on short-haul and long-haul flights. Accident Analysis Prevent.
2017;98:320-9.


https://doi.org/10.1186/s12889-025-23061-z
https://doi.org/10.1186/s12889-025-23061-z

Zhou et al. BMC Public Health (2025) 25:1890

20.

21

22.

23.

24.

25.

26.

27.

Bauer LB, Bloch D, Merkert R. Ultra Long-Haul: An emerging business
model accelerated by COVID-19. Journal of Air Transport Management.
2020; 89 July:101901.

Devine JK, Choynowski J, Garcia CR, Simoes AS, Guelere MR, de Godoy

B, et al. Pilot sleep behavior across time during ultra-long-range flights.
Clocks Sleep. 2021;3:515-27.

Civil Aviation Administration of China. Implementation Measures for
Exempting Crew Members from Duty Period and Flight Time Restrictions
during an Epidemic [EB/OL]. 2020. http://www.caac.gov.cn/XXGK/XXGK/
ZCFBJD/202012/t20201223_205708.html.

Van Dongen HPA, Maislin G, Mullington JM, Dinges DF. Erratum: The
cumulative cost of additional wakefulness: dose-response effects on neu-
robehavioral functions and sleep physiology from chronic sleep restric-
tion and total sleep deprivation (Sleep (March 2003) 26, 2 (117-126)).
Sleep. 2004;27:600.

Sieberichs S, Kluge A. Good sleep quality and ways to control fatigue
risks in aviation—an empirical study with commercial airline pilots. In:
Advances in intelligent systems and computing. 2016.

Caldwell JA, Mallis MM, Caldwell JL, Paul MA, Miller JC, Neri DF. Fatigue
countermeasures in aviation. Aviat Space Environ Med. 2009;80:29-59.

. Abbott SM, Reid KJ, Zee PC. Circadian rhythm sleep-wake disorders.

Psychiatric Clin North Am. 2015;38:805.

Steiner S, Fakles D, Gradisar T. Problems of crew fatigue management in
airline operations. Proceedings of International Conference on Traffic and
Transport Engineering (ICTTE). 2012.

Valdez P. Circadian rhythms in attention. Yale J Biol Med. 2019,92:81.

MongrainV, Lavoie S, Selmaoui B, Paquet J, Dumont M. Phase relation-
ships between sleep-wake cycle and underlying circadian rhythms in
morningness-eveningness. J Biolog Rhythms. 2004;19:248-57.
Waterhouse J, Folkard S, Van Dongen H, Minors D, Owens D, Kerkhof G,
et al. Temperature profiles, and the effect of sleep on them, in relation
to morningness-eveningness in healthy female subjects. Chronobiol Int.
2001;18:227.

Sack RL. The pathophysiology of jet lag. Travel Med Infect Dis.
2009;7:102-10.

Kryger MH, Dement WC, Roth T. Principles and practice of sleep medicine.
2010.

Touitou Y, Bogdan A. Promoting adjustment of the sleep-wake cycle by
chronobiotics. Physiol Behav. 2007,90:294-300.

Civil Aviation Administration of China. Rules for the Operational Qualifca-
tion of Carriers of Public Air Transport for Large Aircraft [EB/OLJ. 2005. http://
WWW.Caac.gov.cn/XXGK/XXGK/MHGZ/201511/t20151102_8492.html.

Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N,
et al. The psychological impact of quarantine and how to reduce it: rapid
review of the evidence. The Lancet. 2020;395:912-20.

Holmes EA, O'Connor RC, Perry VH, Tracey |, Wessely S, Arseneault L, et al.
Multidisciplinary research priorities for the COVID-19 pandemic: a call for
action for mental health science. Lancet Psychiatry. 2020;7:547-60.

Xiong J, Lipsitz O, Nasri F, Lui LMW, Gill H, Phan L, et al. Impact of COVID-

19 pandemic on mental health in the general population: A systematic
review. J Affect Disord. 2020;277:55-64.

Flagel K, Galler B, Steinhduser J, Gotz K. The “National Aeronautics and
Space Administration-Task Load Index” (NASA-TLX) — an instrument for
measuring consultation workload within general practice: evaluation of
psychometric properties. Zeitschrift fur Evidenz, Fortbildung und Qualitat
im Gesundheitswesen. 2019;147-148.

Chatzistefanidis D, Huang D, Dimpelmann M, Jacobs J, Schulze-Bonhage
A, LeVan P. Topography-Related EEG-fMRI in Surgically Confirmed Epilep-
tic Foci: A Comparison to Spike-Related EEG-fMRI in Clinical Practice. Brain
Topography. 2021;34:373-83.

Slater JA, Botsis T, Walsh J, King S, Straker LM, Eastwood PR. Assessing
sleep using hip and wrist actigraphy. Sleep Biol Rhythms. 2015;13:172.
Vallance JK, Boyle T, Courneya KS, Lynch BM. Associations of objectively
assessed physical activity and sedentary time with health-related quality
of life among colon cancer survivors: objectively assessed physical activ-
ity. Cancer. 2014;120(18):2919-26. https://doi.org/10.1002/cncr.28779.
Quante M, Kaplan ER, Cailler M, Rueschman M, Wang R, Weng J, et al.
Actigraphy-based sleep estimation in adolescents and adults: a compari-
son with polysomnography using two scoring algorithms. Nat Sci Sleep.
2018;10:13-20.

Page 14 of 14

28. Zou ZH,Yun, Sun JN. Entropy method for determination of weight
of evaluating indicators in fuzzy synthetic evaluation for water quality
assessment. J Environ Sci (China). 2006;18:1020.

29. Bock H. Origins and extensions of the k -means algorithm in cluster analy-
sis. Electron J History Probab Statistics. 2008;4.

30. Watson NF, et al. Recommended amount of sleep for a healthy adult: a
joint consensus statement of the American Academy of Sleep Medicine
and Sleep Research Society. Sleep. 2015;38(6):843-4.

31. Ohayon M, et al. National Sleep Foundation'’s sleep quality recommenda-
tions: first report. Sleep Health. 2017;3(1):6-19.

32. Lamp A, McCullough D, Chen JMC, Brown RE, Belenky G. Pilot sleep in
long-range and ultra-long-range commercial flights. Aerospace Med
Human Perform. 2019;90:109-15.

33. Brand S, Gerber M, Kalak N, Kirov R, Lemola S, Clough PJ, et al. Adoles-
cents with greater mental toughness show higher sleep efficiency, more
deep sleep and fewer awakenings after sleep onseT. J Adolescent Health.
2014;54:109-13.

34. Brand S, Kalak N, Gerber M, Kirov R, Plihse U, Holsboer-Trachsler E. High
self-perceived exercise exertion before bedtime is associated with greater
objectively assessed sleep efficiency. Sleep Med. 2014;15:1031.

35. Arsintescu L, Kato KH, Hilditch CJ, Gregory KB, Flynn-Evans E. Collecting
sleep, circadian, fatigue, and performance data in complex operational
environments. J Visual Exper. 2019;2019:259851.

36. Roach GD, Sargent C, Darwent D, Dawson D. Duty periods with early start
times restrict the amount of sleep obtained by short-haul airline pilots.
Accid Anal Prev. 2012;45 SUPPL.

37. Reis C, Mestre C, Canhao H, Gradwell D, Paiva T. Sleep complaints and
fatigue of airline pilots. Sleep Sci. 2016,9:73.

38. Roach GD, Dawson D. The sleep, subjective fatigue, and sustained atten-
tion of commercial airline pilots during an international pattern. Sleep.
1999,22(6):826-36.

39. Gander PH, Signal TL, van den Berg MJ, Mulrine HM. In-flight sleep, pilot
fatigue, and the circadian timing of flight schedules. Aviat Space Environ
Med. 2013;84(2):115-22.

40. Akerstedt T, Wright KP. Sleep loss and fatigue in shift work and shift work
disorder. Sleep Med Clin. 2009;4(2):257-71.

41. Drury DA, Ferguson SA, Thomas MJW. Restricted sleep and negative
affective states in commercial pilots during short haul operations. Accid
Anal Prev. 2012;45 SUPPL.

42. Lowden A, Akerstedt T. Eastward long distance flights, sleep and wake
patterns in air crews in connection with a two-day layover. J Sleep Res.
1999;8:15-24.

43. Gander PH, Signal TL, van den Berg MJ, Mulrine HM, Jay SM, Jim MC. In-
flight sleep, pilot fatigue and psychomotor vigilance task performance on
ultra-long range versus long range flights. J Sleep Res. 2013;22:697-706.

44. Gander PH, Gregory KB, Miller DL, Graeber RC, Connell LJ, Rosekind MR.
Flight crew fatigue V: Long-haul air transport operations. Aviation Space
Environ Med. 1998,69(9):PART 2.

45. Roach GD, Sargent C. Interventions to minimize jet lag after westward
and eastward flight. Frontiers in Physiology. 2019;10 JUL:1-11.

46. Waterhouse J, Reilly T, Atkinson G. Jet lag. The Lancet.
1997,350(9091):1611-6.

47. Eastman Cl, Gazda CJ, Burgess HJ, Crowley SJ, Fogg LF. Advancing circa-
dian rhythms before eastward flight: a strategy to prevent or reduce jet
lag. Sleep. 2005;28.

48. Lee S, Kim JK. Factors contributing to the risk of airline pilot fatigue. J Air
Transp Manag. 2017,2018(67):197-207.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://www.caac.gov.cn/XXGK/XXGK/ZCFBJD/202012/t20201223_205708.html
http://www.caac.gov.cn/XXGK/XXGK/ZCFBJD/202012/t20201223_205708.html
http://www.caac.gov.cn/XXGK/XXGK/MHGZ/201511/t20151102_8492.html
http://www.caac.gov.cn/XXGK/XXGK/MHGZ/201511/t20151102_8492.html
https://doi.org/10.1002/cncr.28779

	Sleep and biorhythm among intercontinental pilots: the effect of exempting flight crews from mandatory layover and flight times during COVID-19
	Abstract 
	Introduction
	Theoretical background and hypothesis development
	Sleep and biorhythm
	Exemption and quarantine policies

	Methods
	Instrument, participants, and sample
	Measurements
	Actigraph GT3X + recorders
	Sleep indices
	Biorhythm indices
	K-means clustering


	Results
	K-means clustering results
	Sleep and biorhythm at different departure times and flight frequencies
	Sleep and biorhythm on different routes for exempt and non-exempt flights
	East–west vs. North–south routes
	Inter-flight rest days and postflight days


	Discussion
	Key factors affecting sleep and biorhythm on flying days
	Preflight status, departure time, and route
	Flight frequencies under the exemption and quarantine policies

	Factors affecting postflight sleep and biorhythm under the exemption policy
	Limitations and future research

	Conclusions
	Acknowledgements
	References


