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Monitoring and Managing Cabin Crew Sleep and
Fatigue During an Ultra-Long Range Trip
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BACKGROUND: The aims of this study were to monitor cabin crew fatigue, sleep, and performance on an ultra-long range (ULR) trip and

to evaluate the appropriateness of applying data collection methods developed for flight crew to cabin crew operations

under a fatigue risk management system (FRMS).
METHODS:

Prior to, throughout, and following the ULR trip (outbound flight ULR; mean layover duration = 52.6 h; inbound flight

long range), 55 cabin crew (29 women; mean age 36.5 yr; 25 men; mean age 36.6 yr; one missing data) completed a
sleep/duty diary and wore an actigraph. Across each flight, crewmembers rated their fatigue (Samn-Perelli Crew Status
Check) and sleepiness (Karolinska Sleepiness Scale) and completed a 5-min Psychomotor Vigilance Task (PVT) at key

times.

RESULTS:

Of crewmembers approached, 73% (N = 134) agreed to participate and 41% (N = 55) provided data of suitable quality

for analysis. In the 24 h before departure, sleep averaged 7.0 h and 40% took a preflight nap. All crewmembers slept in
flight (mean total sleep time = 3.6 h outbound, 2.9 h inbound). Sleepiness and fatigue were lower, and performance
better, on the longer outbound flight than on the inbound flight. Post-trip, crewmembers slept more on day 1 (mean =
7.9 h) compared to baseline days, but there was no difference from day 2 onwards.

DISCUSSION:

The present study demonstrates that cabin crew fatigue can be managed effectively on a ULR flight and that FRMS data

collection is feasible for cabin crew, but operational differences between cabin crew and flight crew need to be

considered.
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Itra-long range (ULR) trips are flight operations

between a specific city pair in which at least one of the

sectors regularly exceeds 16 h planned flight time.
The duty periods on these flights range between 18 and 22 h.”
Such flights present a challenge for airlines and regulators, as
they can potentially increase fatigue-related operational risk,
particularly during the later stages of the flight, if they lead to
restricted sleep, extended periods of wakefulness, and/or high
operational demands at suboptimal times in the circadian
body clock cycle. They may also require additional time for
recovery sleep during the layover or on return home following
a ULR trip.

To manage the fatigue risk associated with ULR trips, air-
lines are usually required to put in place a Fatigue Risk Manage-
ment System (FRMS). Current ULR scheduling for cabin crew
is predominantly based on flight crew data and, to date, studies

have focused solely on data collection and the effectiveness of
FRMS for flight crew. Hence little is known about how these
processes work for cabin crew.

As for flight crew, the main fatigue mitigation strategy on
ULR flights is to provide cabin crew with scheduled in-flight
rest breaks for sleep in crew rest facilities, which requires
additional crewmembers on board. The effectiveness of in-
flight rest breaks as a mitigation for fatigue depends on the
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amount and quality of sleep that crewmembers are able to
obtain in flight.?? This is not only dependent on flight dura-
tion, but also on other operational factors, including local
time of departure and the timing and duration of in-flight rest
breaks, which will influence how well crewmembers are able
to sleep at various times during the flight.'*'"»** Compared to
flight crew, cabin crew have less time available for in-flight rest
due to the requirement for all cabin crew to be awake for meal
services. In addition, regulatory requirements for onboard
rest facilities are often less rigorous for cabin crew than for
flight crew.

Additional mitigations include providing crewmembers
with protected time free of duty before, during (i.e., on layover),
and after the ULR trip to assist with preparation for the trip and
subsequent recovery. Compared to flight crew, a larger propor-
tion of cabin crew are women and may have greater domestic
responsibilities compared to their male counterparts. This may
in turn impact on their sleep at home. The rate of recovery post-
trip will also vary with the degree of circadian misalignment
resulting from the trip and may be slower if greater sleep loss
was accumulated during the trip.

The amount and quality of sleep crewmembers are able to
obtain during the layover and the extent to which they adapt
to the layover time zone is influenced by layover duration and
timing, as well the number of time zones crossed and flight
direction. Previous research has shown that after a westward
transmeridian flight, which effectively lengthens the day, circa-
dian adaptation tends to be faster compared to after an east-
ward transmeridian flight.* Although the amount of circadian
adaptation during a 2-d layover is not well documented, this
will be influenced not only by the degree of light exposure, but
also by social activities.* While retaining a home-based sleep
pattern has been shown to reduce sleepiness during a 2-d lay-
over,'® crew often time at least some of their layover sleep to
occur during the local night.!” As a further mitigation, crew
receive fatigue management training.” Presently, information
contained in such education material is based entirely on flight
crew experience due to the lack of data available for cabin crew.

The aim of this study was to evaluate the effectiveness of
fatigue management for cabin crew on a westward outbound
Johannesburg-New York ULR trip by monitoring their sleep,
sleepiness, fatigue, and performance before, during, and after

Table l. Crewmember Demographics.

this trip. A secondary aim was to determine the appropriateness
of data collection methods and measures for cabin crew.

METHODS

Subjects

The study protocol was approved by the Massey University
Human Ethics Committee (application 11/74). Each crew-
member provided written informed consent before participat-
ing. Participation was voluntary and confidentiality was strictly
maintained. There were 55 crewmembers who participated in
the study. Demographics were available for 54 crewmembers
(29 women, mean age 36.5 yr; 25 men, mean age 36.6 yr) and
are summarized in Table I.

Materials

At the start of their involvement in the study, crewmembers
completed a pre-study questionnaire which was included in the
sleep/duty diary. The questionnaire, which was adapted from
one used for flight crew in multiple previous airline studies,'"*
included items on cabin crew position, flying experience, age,
gender, usual sleep at home on days off duty, usual sleep in
onboard crew rest facilities, and in-flight fatigue.

Crewmembers completed a sleep/duty diary throughout the
study. This included a look-back report to record duty periods
in the week leading up to the start of participation, and 24-h
timelines for recording sleep and duty information. For each
study flight leg, additional pages were included to collect opera-
tional information, including scheduled and actual duty start
and end time, crew position for the flight (Galley or Aisle; Pre-
mium or Economy), planned rest breaks for the flight, and how
the crewmember usually manages fatigue on this flight. There
was also space for recording fatigue and sleepiness at specified
times.

Crewmembers wore an actigraph (Spectrum from Philips
Respironics, Bend, OR) throughout their participation in the
study. Actigraphy is a validated, well recognized, widely used
method for recording sleep in a range of different popula-
tions® and has been validated for flight crew.?? The device is
the size of a wrist watch, with a functioning watch face, and is
worn on the nondominant wrist. Crewmembers were asked to

CABIN CREW* PURSERS SENIOR PURSERS ALL CREW
MEDIAN (RANGE) MEDIAN (RANGE) MEDIAN (RANGE) MEDIAN (RANGE)

Age (yr) 35 (23-60)"* 41 (36-56) 435 (40-54) 36 (23-60)*
Work experience (yr) 1 1 9(1-38) 148 (13- 2 ) 18 5(17-23) 5(1-38)"*
Average work hours per month 0 (55-150) 120 (90-165) 20 (80-120)" 1 10 (55-165)
Expected work hours during the month of the study flight 100 (60 150) 100 (9 65)* 1 10 (75- 120) 100 (60-165)
Long range experience (yr) 105 (1-19)t 7 (12- ) 16.7 (06-18)" 20(06-21)"
Total number of crew 43 7 4 54

* Crewmembers who do not have management responsibilities.

Medians and range are reported for both non-normally and normally distributed data.
" Data not normally distributed.

*Includes 1 outlier.

706

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 86,No.8  August 2015
http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05



press a button (“event marker”) on the actigraph to indicate
when they began and finished trying to sleep. Data were
recorded in 1-min epochs and subsequently downloaded to a
computer for analysis. Actigraphy data were analyzed using
the manufacturer’s software (Actiware® version 5.71.0, Phil-
ips Respironics) at the medium sensitivity setting in conjunc-
tion with the sleep time information from the sleep/duty
diary.

Crewmembers were asked to rate their fatigue before and
after each sleep episode and at different times in flight on the
Samn-Perelli Crew Status Check (SP) on a scale from 1 = ‘fully
alert, wide awake’ to 7 = ‘completely exhausted, unable to func-
tion effectively’?! At the same time, sleepiness was rated on the
Karolinska Sleepiness Scale, on a scale from 1 = ‘extremely
alert’ to 9 = ‘extremely sleepy, fighting sleep.>!>!* Both scales
have been extensively used for measuring subjective fatigue and
sleepiness. The SP was developed for use with military airlift
flight crew;?! has been widely used in studies with commercial
flight crew,'>'® and has been validated in laboratory studies
using forced internal desynchrony protocols.” The Karolinska
Sleepiness Scale has been used to measure subjective sleepiness
in both laboratory? and field studies.'*!* After each sleep epi-
sode, crewmembers were also asked to rate their sleep quality
on a scale from 1 = ‘extremely good’ to 7 = ‘extremely poor,
which has been used in previous airline studies.'>?* At the end
of each flight, crewmembers were asked to rate their workload
on the raw NASA Task Load Index. These data are not included
in the present analyses.

Performance was measured using a validated, 5-min version
of the Psychomotor Vigilance Task (PVT)* (PalmPV'T, Walter
Reed Army Institute of Research, Silver Spring, MD) on a Palm
Centro Smartphone (Palm, Inc., Sunnyvale, CA). The inter-
stimulus interval varied randomly between 2-10 s. Crewmem-
bers were required to attend to a display on the screen and
respond as quickly as possible by pushing a button as soon as a
‘bulls-eye’ symbol appeared with numbers in the center that
represented response time counting in milliseconds. The crew-
member received immediate feedback on their reaction time
each time the response button was pushed.

Procedure

Information on the study was initially advertised via the airline
company’s communication channels. All cabin crew scheduled
on a Johannesburg-New York-Johannesburg trip during the
study period (27 August 2012 to 24 June 2013) were eligible to
participate. For each scheduled trip, up to 7 of the 14 crewmem-
bers were contacted by a member of the research team and
invited to participate. Since the aim was to recruit data from at
least 50 cabin crew for this study, it was considered important to
sample a range of flights in case conditions varied widely from
one flight to the next or in the event of peculiarities on one par-
ticular flight (e.g., delays, turbulence, medical event).

Atleast 4 d before the study trip, participating crewmembers
received an actigraph, a Palm Centro Smartphone, and a sleep/
duty diary. Crewmembers were asked to wear the actigraph and
complete the sleep/duty diary from 3 d prior to departure,

FATIGUE DURING A ULR TRIP—van den Berg et al.

throughout the entire ULR trip (on both flight legs and lay-
over), and until 5 d after the ULR trip.

The company recommended that on the outbound ULR
flight, the time available for rest in the bunk (between the two
meal services) should be split into four rest breaks. No recom-
mendations regarding rest break pattern were provided for the
shorter, non-ULR inbound flight. The 14 cabin crew (including
1 senior purser and 2 pursers) who operate the A340-600 air-
craft on the Johannesburg-New York route work as A and B
crews who alternate their periods of duty and rest, with the B
crew taking the first and third break on the outbound flight. In
addition to the bunk rests, a 40-min seat rest can be taken on
the outbound flight if needed, in one of two allocated seats in
the cabin.

The crew rest facilities for cabin crew are located below the
main cabin at the rear of the aircraft. Of the seven horizontal
bunks, six are positioned longitudinally, with three upper and
three lower bunks. The seventh bunk is transversely positioned
above a storage unit. The bunks, which are separated from each
other by a hard panel, each have a curtain which can be closed
for privacy. Blankets and pillows are provided and the rest area
is temperature and humidity controlled.

Cabin crewmembers are required to attend fatigue training
before being able to fly this ULR route. As part of this training,
recommendations were made to crewmembers to arrive for
duty with no sleep debt by having two good nights of sleep
before the start of duty. The benefits of preflight napping were
also explained. In addition, crewmembers were advised to stay
on domicile time during the layover to assist with recovery
post-trip.

Crewmembers were rostered to be free of duty during the
48 h prior to their ULR trip and the entire crew was on standby
the evening before their scheduled departure. Following the
ULR trip, crewmembers were provided with four local nights
at home before their next duty period.

A total of 36 return trips were studied between 27" August
2012 and 24" June 2013, with 33 having data included in the
study. Daylight saving time in New York began on March 10,
2013, with 19 return trips completed prior to this and 14 return
trips following this date (resulting either in a 7-h or 6-h time
zone change). Details of flight departure and arrival times and
duration of flights (time between blocks-off and blocks-on) and
layovers are provided in Table II.

The westward outbound flights were scheduled to depart
Johannesburg at 20:40 local time, with a local arrival time of
06:40 in New York (12:40 Johannesburg time). Following a lay-
over of approximately 48 h, the eastward inbound flight was
scheduled to depart New York at 11:15 local time (17:15
Johannesburg time), with a local arrival time of 08:00 (01:00
New York time).

On the day of each flight, crewmembers were asked to rate
their fatigue and sleepiness and complete a PVT: 1) preflight,
after signing on for duty; 2) around top of climb (TOC; once the
seatbelt sign was turned off and within 90 min after takeoff); 3)
around top of descent (TOD; at the end of the last meal service
and within 90 min before landing); and 4) after landing.
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Table Il. Flight Details.

STUDY PERIOD MEAN MEDIAN RANGE N
Outbound flight (JNB-JFK')
Departure time (UTCY) 18:48 18:47 18:22-20:05 55
Arrival time (UTC) 10:44 10:41 10:15-11:50 55
Flight duration (hours = SD) 159 =04 16.0 15.3-16.7 55
Duty duration (hours = SD) 18910 186 17.8-22.1 31
Layover
Duration (based on arrival and departure time, hours # SD)* 526 *+03 526 514-532 35
Duration (based on duty end and start time, hours = SD)* 493+ 12 495 444-514 52
Inbound flight (JFK-JNB)
Departure time (UTC)* 15:20 15:15 15:05-15:47 52
Arrival time (UTQ)* 06:05 06:04 05:24-06:36 52
Flight duration (hours % SD) 147 =03 14.7 13.7-15.2 55
Duty duration (hours = SD) 182+ 1.1 18.0 16.5-21.6 38

*Three crewmembers were excluded whose flight was delayed for 22 h.

T JNB = Johannesburg (UTC+2 h); JFK = New York (UTC-5 h; during daylight savings time, 4 h).

#UTC = Coordinated Universal Time.

Sleep/duty diaries were available for all crewmembers,
but four had incomplete sections and others had occasional
responses missing. All data entries were cross-checked by a
second independent researcher and discrepancies (0.1%) were
reviewed and rectified. Data were also screened for outliers,
which were cross-checked against the sleep/duty diary data.
For fatigue and sleepiness ratings after nighttime sleep (i.e.,
sleep occurring during the local night), where nighttime sleep
was split, only ratings after the final sleep episode were
included.

Actigraphy recordings were available for all 55 crewmem-
bers, however, some were incomplete. There were 11 crewmem-
bers who had a duty period on post-trip day 5 and were
therefore excluded from analyses for this day. Actigraphy
records were scored using Actiware® software. To assess the
reliability of the manual identification of rest intervals, 20%
of files were double-scored by a second independent trained
researcher. Discrepancies of more than 15 min occurred in
10.9% of rest interval start times and 7.8% of rest interval end
times. These discrepancies were reviewed and any errors were
corrected. An overall agreement (15 min or less difference
between scorers) of 90.7% was achieved. Total sleep time per
sleep period was calculated as the number of minutes of sleep
from sleep onset (the first 10 consecutive minutes scored as
sleep by the software algorithm) until final wake-up.**

A custom-built program was used to calculate the total
amount of sleep across specific 24-h intervals, as follows.

* Baseline sleep: total sleep per 24 h from 72-24 h preceding
noon on the day of departure. Data for Baseline day 1
included 11 crewmembers who were on duty and 4 crew-
members who were on standby, while for Baseline day 2, 1
crewmember was on duty and 1 crewmember was on
standby.

o Preflight sleep: total sleep in the 24 h prior to signing on for
duty for each flight.

 Layover sleep per 24 h was calculated for the first 24 h of the
layover and the last 24 h of the layover (the latter being the
equivalent to preflight sleep for the inbound flight).

o Post-trip sleep: total sleep obtained at home in a 24-h period
from noon to noon (local time) on the 5 d post-trip, starting
on the day of arrival in Johannesburg. Any sleep before noon
was not included as post-trip sleep to enable comparisons
between sleep on post-trip days and sleep on baseline days
and evaluation of the recovery following the ULR trip (11
crewmembers took postflight naps beginning before noon).

On average, crewmembers completed five PVT tests (range
3-6). Some data were excluded from analyses due to the test not
being undertaken within the required timeframe, and an addi-
tional six crewmembers had no valid PVT data (e.g., due to
incorrect settings, wrong response button pressed, or mal-
functioning equipment). PVT data for each crewmember were
downloaded and summary statistics were generated for each
test using the REACT program (Ambulatory Monitoring Inc.,
Ardsley, NY). Subsequent analyses were carried out in SPSS
(version 21.0, IBM SPSS Statistics for Windows, Armonk, NY)
and SAS (version 9.3, SAS Institute Inc., Cary, NC). Results for
PVT response speed (1/reaction time X 1000), fastest 10% of
responses, slowest 10% of responses, and lapses (responses
exceeding 500 ms in duration) are reported here.

Statistical Analysis

Linear mixed modeling was undertaken using SAS 9.3. For the
between-subject mixed models, subject ID number was
included as a random effect to account for individual differ-
ences, with ‘variance components’ applied as covariance struc-
ture. The Kenward-Roger adjustment was applied to the degrees
of freedom estimation.'® For each model, the assumptions of
normality, linearity, and constant variance were checked visu-
ally and the distribution of the residuals were tested with the
Shapiro-Wilk test of normality and Levene’s test for constant
variance.?® Where outlying residual values were identified,
the model was rerun without the outlier(s). If removing the
outlier(s) changed the findings of the model, then the reported
results exclude the outlier(s). However, if the outcome of the
model did not change with the outlier(s) removed, then the
results reported are those including the outlier(s).
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For the mixed design ANOVAs for repeated measures, where
possible, each model was first run with a general covariance
structure (unstructured) and the correlation matrix assessed to
determine appropriate covariance structures. In the present
study, subjective ratings and PVT tests were not equally spaced
in time; therefore, the only appropriate covariance structures
considered were compound symmetry and first-order antede-
pendence. The Bayesian Information Criteria was used to deter-
mine which covariance structure provided the best model fit.
Only compound symmetry was used in the final models.

Post hoc tests were used to investigate comparisons of inter-
est where main and interaction effects were statistically signifi-
cant in the mixed design ANOVAs for repeated measures.
Holm’s sequentially rejective procedure was employed to adjust
the level of significance. Bonferroni adjusted P-values were
calculated for post hoc tests for significant interactions and
fixed effects with more than two levels of comparisons in the
mixed design ANOVAs and ANCOVAs.

RESULTS

A total of 183 cabin crew were approached to participate in the
study. Of these, 134 (73%) agreed to participate. Of those who
agreed to participate, 28 (21%) did not undertake data collec-
tion for various reasons (e.g., change of mind, sick leave, forgot
to collect study pack) and 25 (19%) stopped collecting data dur-
ing their participation. Data collection was completed by 81
crewmembers (60% of those who agreed to participate; 44% of
those invited to participate). Of these, 11 datasets (14%)
were excluded due to equipment failure and 15 datasets (19%)
were excluded due to too much missing actigraphy data. Data-
sets from 55 cabin crew (41% of those who agreed to partici-
pate; 30% of those invited to participate) were of sufficient
quality to be included in the final analyses.

Performance on the preflight PV T test prior to the outbound
flight was much slower and included more lapses than at TOC
or preflight prior to the inbound flight. The most likely explana-
tion is that this was a result of distractions in the testing envi-
ronment, so preflight tests were not included in subsequent
analyses. The total amount of sleep obtained per 24 h at home
pre-trip, on layover, and post-trip is shown in Fig. 1.

On baseline days, crewmembers obtained on average 6.5 h
sleep per 24 h (range 2.1-9.5 h). They obtained on average
33 min more sleep in the 24 h before departure compared to
baseline [F(1, 106) = 6.80, P = 0.01]. Almost half of the crew-
members (22/55) had a preflight nap on the day of departure.
More crewmembers (13/24) assigned the 2™ and 4™ sched-
uled bunk rests (i.e., the A crew) took a preflight nap in com-
parison to crewmembers (7/29) who were given the 1% and 3rd
scheduled bunk rests (the B crew) [x3(1) = 5.04, P = 0.02].
Crewmembers who in the pre-study questionnaire reported
napping often or always at home on days off were not more
likely to take a preflight nap in comparison to crewmembers
who reported to never, seldom, or sometimes nap at home
[x*(1) = 1.73, P = 0.19].
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Fig. 1. Total sleep (hours) per 24 h at home and on layover. Each boxplot dis-
plays the middle 50% of data as a gray box, with the median value indicated by
the horizontal line inside the box. The whiskers represent the minimum and
maximum values. Statistically significant post hoc pairwise comparisons (from
three linear mixed models) are denoted by * for P < 0.05, ** for P < 0.01, and
*** for P < 0.0001.

On the outbound flight, the usual pattern for in-flight rest
was 3 h-3 h-2 h-2 h or 2 h-2 h-3 h-3 h with each crewmember
scheduled for two rest breaks in the crew rest facility (i.e., bunk),
except for two crewmembers who each had one 5-h rest break
in the bunk. On the shorter inbound flight, more than half of
the crewmembers (32/55) had one single, 4-h bunk rest break,
occurring either in the first or second half of the flight. Three
crewmembers followed a different in-flight rest pattern (2 h-4
h-2 h), while the remainder had a rest break pattern similar to
that employed on the outbound flight, with each crewmember
scheduled for two 2-h rest breaks.

On the outbound flight, an additional seat rest was taken by
almost 50% of crewmembers. On the inbound flight, only four
crewmembers took an additional seat rest, since on this flight
leg, a seat for this purpose was not usually provided. On each
flight, all crewmembers attempted sleep during each scheduled
bunk rest break and all crewmembers obtained some sleep
during at least one of their breaks, averaging 216 min (range
98-303 min) on the outbound flight and 175 min (range 40-
255 min) on the inbound flight.

A mixed model ANCOVA was run to determine whether
flight leg (outbound/inbound) and crewmember age influ-
enced the total amount of in-flight sleep, irrespective of
scheduled bunk rest break pattern. Crewmembers obtained
on average 41 min more sleep on the outbound flight than the
inbound flight [F(1, 53) = 25.89, P < 0.001] and age was
not associated with the amount of sleep obtained in flight
[F(1, 52) = 0.26, P = 0.61]. A further ANOVA showed that
the total amount of in-flight sleep on the outbound flight did
not differ between crew who had the 1% and 3™ break
and crew who had the 2" and 4™ break [F(1, 51) = 0.01,
P = 0.93; mean estimated total sleep time of 216 and 215
min, respectively].

To determine if the total amount of sleep on the inbound
flight was affected by the number or timing of the rest breaks,
comparisons were made between crewmembers who had the
1%t and 3" break, 2" and 4™ break, first single break, and second
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single break. The distribution of total in-flight sleep for each of
these break patterns is illustrated in Fig. 2. The results from the
mixed model ANOVA showed a significant difference between
rest break patterns [F(3, 48) = 8.11, P < 0.001]. Post hoc pair-
wise comparisons indicated that crewmembers who had the 1%
and 3" break obtained on average less sleep than those with the
2" and 4" break (P = 0.005) and less sleep compared to crew-
members with the first single break (P = 0.009) or those with
the second single break (P < 0.001).

Two sets of ANOVAs were run to determine if a preflight nap
affected the amount of sleep obtained in flight on the outbound
flight (no crewmembers napped prior to the inbound flight due
to the earlier departure time). The first model investigated
whether there was an effect of having a nap or not on the total
amount of sleep obtained in flight (all rest breaks combined).
The second model investigated the effect on the amount of sleep
obtained in the crewmembers’ first rest break only. A preflight
nap had no significant effect on the amount of sleep during the
first scheduled break [F(1, 53) = 1.07, P = 0.31], or on the total
amount of in-flight sleep [F(1, 53) = 0.04, P = 0.84].

Ratings of fatigue and sleepiness were made eight times in
association with each flight leg: preflight, at TOC, prior to the
first break, after the first break, prior to the second break, after
the second break, at TOD, and after landing. However, because
of the variable pattern of rest breaks, the timing of the pre-
and post-break ratings were not identical for crewmembers.
Therefore the linear mixed model ANOVAs for repeated mea-
sures only considered the four common time points (preflight,
TOC, TOD, and after landing) and flight leg (outbound;
inbound) as well as the interaction of these factors. As shown
in Fig. 3, subjective fatigue changed significantly across the
flight [F(3, 315) = 89.23, P < 0.001], with crewmembers feel-
ing least fatigued preflight and getting progressively more

*kk
. 3001 [ 2
0 | . |
5 250+ —
E 200+
O
w 1504
£ |
= 100+
<
T 50-
o
|,—
0 T T 1 T
15t g 37 2"d g 4th First Second

Inbound break pattern

Fig. 2. Total in-flight sleep (minutes) by rest break pattern on inbound flight.
15t & 3@ = first and third break; 2" & 4™ = second and fourth break: first = single
break during first half of flight; second = single break during second half of
flight. Each boxplot displays the middle 50% of data as a gray box, with the
median value indicated by the horizontal line inside the box. The whiskers rep-
resent the minimum and maximum values. Statistically significant post hoc
pairwise comparisons are denoted by ** for P < 0.01 and *** for P < 0.0001.
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Fig. 3. Mean estimated SP fatigue ratings across the outbound and inbound
flights. Statistically significant post hoc pairwise comparisons are denoted by *
for P < 0.05, ** for P < 0.01, and *** for P < 0.001. Asterisks in top of figure
denote differences between outbound and inbound. Solid connector lines
indicate differences between rating times which were observed on both flight
legs; the dashed connector line indicates a difference between ratings on the
outbound flight only.

fatigued during the flight. Crewmembers also felt significantly
more fatigued on the inbound flight than the outbound flight
[E(1,317) = 20.83, P < 0.001].

The same pattern was seen for subjective sleepiness, which
changed significantly across the flight [F(3, 311) = 94.40, P <
0.001], with crewmembers feeling least sleepy preflight and
progressively more sleepy during the flight. Crewmembers also
felt significantly more sleepy on the inbound flight than on the
outbound flight [F(1, 313) = 14.32, P < 0.001].

For PVT performance, linear mixed model ANOVAs con-
sidered two common time points (TOC and TOD) and flight
leg as well as the interaction of these factors. On both flight legs,
PVT response speed declined from TOC to TOD [F(1, 96) =
11.97, P < 0.001] and was slower on the inbound flight than the
outbound flight [F(1, 95) = 5.97, P = 0.02], as shown in Fig. 4.
The same pattern of performance decline across the flight (from
TOC to TOD) was seen for the fastest 10% of responses
[F(1,91) = 5.35, P = 0.02], slowest 10% of responses [F(1,97) =
12.44, P < 0.001], and lapses [F(1,96) = 15.79, P < 0.001]. In
addition, the fastest 10% of responses were faster on the outbound
leg than on the inbound leg [F(1, 89) = 10.60, P = 0.002].

Two sets of linear mixed model ANCOVAs investigated fac-
tors influencing fatigue, sleepiness, and PVT response speed at
TOD. The first set included the amount of in-flight sleep
obtained, the duration of time awake at TOD, and flight leg. The
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Fig.4. Mean estimated PVT response speed across the outbound and inbound
flights. Statistically significant post hoc pairwise comparisons are denoted by *
for P < 0.05 and *** for P < 0.0001.
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second set was similar, but included total sleep in the 24 h prior
to TOD instead of the amount of sleep obtained in flight.

With longer time awake at TOD, crewmembers felt more
fatigued [F(1,56) = 6.58, P = 0.01] and sleepy [F(1,75) = 5.06,
P = 0.03]. No association was found between PVT response
speed and prior wakefulness [F(1, 48) = 2.39, P = 0.13]. No
associations were found between fatigue, sleepiness, or PVT
response speed and total in-flight sleep or total sleep in the 24 h
prior to TOD.

The majority (85.3%) of crewmembers had more than one
sleep episode in the first 24 h of the layover, while in the last
24 h of the layover, most (61.8%) only slept once, and for
nearly all crewmembers (73%), this was during the local night
(defined as at least 80% of sleep occurring between 22:00 and
08:00 local New York time). Crewmembers obtained signifi-
cantly more sleep per 24 h on layover than on baseline days
[F(2, 158) = 11.93, P < 0.001]. Post hoc pairwise compari-
sons indicated that estimated mean total sleep was 69 min
longer in the first 24 h of the layover than on baseline (P <
0.001), but did not differ from baseline in the last 24 h of the
layover (P = 1.000). Crewmembers obtained almost 1.5 h
more sleep in the first 24 h post-trip when compared to base-
line days [F(5, 281) = 8.64, P < 0.001] and 58% took a post-
flight nap. From post-trip day 2 onwards, the total amount of
sleep did not differ from baseline days.

Fatigue and sleepiness ratings after nighttime sleep (i.e.,
sleep occurring during the local night) on baseline days were
compared to fatigue and sleepiness ratings after nighttime sleep
on post-trip days. Crewmembers were no more fatigued [F(5,
237) = 1.07, P = 0.38] or sleepier after waking on any of the
postflight days compared to baseline [F(5, 237) = 0.57, P =
0.72].

DISCUSSION

The present study demonstrates that data collection is feasible
for cabin crew on ULR trips. However, the response rate and
completion rate tended to be lower compared to a recent study
involving flight crew.” Of the cabin crew invited, 27% declined
to participate and the reasons for this are unknown. Of those
who agreed to participate, 60% completed data collection and
41% provided data of suitable quality. Methods for improving
recruitment and completion rates are therefore worthy of
investigation.

In the present study, cabin crew generally prepared well for
the ULR trip by obtaining on average more sleep in the 24 h
preflight compared to baseline days and almost half took a
preflight nap. Baseline sleep averaged 6.5 h per night, although
this varied greatly between individuals. Not all crewmembers
were free from duty on baseline days, but this was the best
available estimate of normal sleep at home. In comparison,
flight crew flying this same ULR route obtained on average
7.5 h of sleep on baseline days.?® The reasons for this difference
deserve further investigation, but may be due to differences in
the demographics and domestic responsibilities between the
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two occupational groups. Almost half of the cabin crew
were women and may have had a disproportionate level of
domestic responsibilities, which could impact on their night-
time sleep. Recurrent training that includes education on
the importance of recovery sleep at home may be valuable for
cabin crew.

Taking a preflight nap before the outbound flight did not
influence the amount of sleep during cabin crews’ first sched-
uled in-flight rest break or the total amount of in-flight sleep, as
was also found for flight crew flying this same route.” This
finding reinforces that a preflight nap before an evening depar-
ture is feasible and does not appear to adversely influence sub-
sequent in-flight sleep.

Crewmembers obtained on average more sleep on the ULR
outbound flight (3.6 h) than the non-ULR inbound flight
(2.9 h), which was in part facilitated by the longer flight duration
and local evening departure of the outbound flight. However,
the amount of in-flight sleep varied greatly between individu-
als. Age-related changes in sleep'® were not evident in the in-
flight sleep duration, but it is possible that actigraphy is not
sensitive for detecting age-related changes in short in-flight
sleep periods. The high interindividual variability suggests that
other personal, environmental, and/or work-related factors
may influence in-flight sleep and this warrants further investi-
gation to develop recommendations for improving in-flight
sleep.

As per company recommendations, the time available for
rest in the bunk on the outbound flight was split into four rest
breaks on almost all occasions. There are presently no company
recommendations regarding in-flight rest patterns on the
inbound flight. The findings do not indicate that splitting the
available rest time into four rest breaks is better or worse than
splitting the available time into two rest breaks. However, the
timing of the scheduled bunk rest breaks affected the amount of
total in-flight sleep obtained on the inbound flight, with crew
taking the 1% and 3™ break obtaining significantly less in-flight
sleep compared to all other crew. Assuming minimal circadian
adaptation during the layover, the 1% rest break would have
fallen in the circadian evening wake maintenance zone (a few
hours before a person’s normal bedtime when sleep is difficult
to initiate and maintain) on Johannesburg time, whereas the
longer single break during the first half of the flight would have
extended past the evening wake maintenance zone, allowing
more sleep to be obtained. However, crewmembers taking the
first long break would also have been awake longer at TOD than
all other crewmembers, and a longer duration of time awake at
TOD (but not prior sleep) was associated with increased fatigue
and sleepiness at TOD. On other ULR routes,® a number of dif-
ferent break patterns have been used and preference is in part
determined by the flight's departure window. Providing crew
with two breaks each has the advantage of minimizing the risk
of not obtaining any sleep if one of the breaks occurs during a
less favorable time in the circadian body clock cycle for sleep.®

In the last 24 h of the layover, most crewmembers slept dur-
ing the local night, despite being advised to stay on domicile
time. This caused sleep to be truncated on the morning of
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departure, due to the local morning sign-on time and/or due to
the crewmember’s inability to stay asleep due to the circadian
drive for wake. A preflight nap was not possible for most crew-
members due to the relatively short period of time between
waking and sign-on, coupled with an adverse circadian phase
for sleep (late afternoon Johannesburg time/morning New York
time), during which initiating or maintaining sleep is difficult.

The context in which a PVT test is completed can differ
greatly between workplace settings, as is the case for cabin crew
in comparison to flight crew as well as for cabin crew at differ-
ent phases of the flight. Although we cannot be certain, the
poor performance on the outbound preflight PVT test may
have been a result of distractions in the testing environment.
Completion of the PVT in a busy cabin is expected to have con-
tributed to the large variability observed in the subsequent tests,
which in turn may also have contributed to the lack of a statisti-
cally significant association between sleep history and perfor-
mance. On the other hand, a study using combined datasets
from four field studies which included data from 237 pilots on
730 long range and ultra-long range flights also found no asso-
ciation between PVT performance and sleep/wake history at
TOD.? Despite the more challenging context in which the PVT
was completed, the PVT showed the expected changes in cabin
crew’s performance across the flight (from TOC to TOD) and
between flight legs. Compared to flight crew, however,”* cabin
crews PVT performance was overall slower and resembled
more closely the performance of populations in other research
studies.” In future studies the timing and/or location for com-
pleting PVTs should be carefully considered in consultation
with the cabin crew.

Fatigue and sleepiness ratings were overall higher and PVT
response speed was slower on the shorter non-ULR inbound
flight in comparison to the outbound ULR flight, even though
both flights spanned the local Johannesburg night, assuming
minimal adaptation during the layover. These findings indicate
that longer flights do not necessarily result in greater declines in
performance and increases in fatigue, especially if sufficient in-
flight sleep is obtained. The greater fatigue experienced on the
inbound flight may instead be a consequence of the accumu-
lated sleep loss across the trip and suggests adequate recovery
following such patterns of work is important.

The present findings suggest that four local nights oft duty
following the ULR trip is, on average, sufficient to enable crew-
members to recover from the trip. However, sleep duration var-
ied greatly among individuals, as did the postsleep sleepiness
and fatigue ratings, which suggests that some crewmembers
recover more slowly than others. Education on the importance
of recovery sleep at home, including a consideration for indi-
vidual differences in sleep need and recovery, would therefore
be beneficial for cabin crew.

In conclusion, this study of cabin crew flying a ULR trip
between Johannesburg and New York used recommended
measures and methods for collection and analysis of data,’
allowing a robust scientific assessment of changes in sleep,
sleepiness, fatigue, and performance across the ULR trip. To
our knowledge, this is the first ULR validation study involving

cabin crew. It demonstrates that cabin crew fatigue was man-
aged effectively on the outbound ULR flight. It also demon-
strates that this type of data collection is feasible for cabin crew,
although operational differences between cabin crew and flight
crew need to be considered in these data collection processes
and a large number of cabin crew may need to be approached to
obtain sufficient data. Multiple factors may influence the moti-
vation of cabin crew to take part in the data collection and this
warrants further investigation. It is important to note that the
findings from the present study cannot be generalized to opera-
tions with different flight durations, departure times, and/or
arrival times.
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