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Managing cabin crew fatigue
during ultra-long range
operations

M. J. van den Berg'™, J. L. Zaslona', D. P. Muller’, L. Wu',
M. Hughes?, B. Johnston’, C. Dyer?, M. Drane” and T. L. Signal'

Sleep/Wake Research Centre, School of Health Sciences, Massey University, Wellington, New Zealand,
2Operational Integrity and Safety, Air New Zealand, Auckland, New Zealand

Introduction: Ultra-long range (ULR) flights have the potential to increase
fatigue-related risk for cabin crew, if the extended flight times are associated
with extended wakefulness, sleep loss and higher levels of crew fatigue. ULR
flights may also require longer opportunities for recovery sleep. This study
evaluates the utilization of fatigue risk mitigations for cabin crew operating the
Auckland — Chicago ULR route with a two-day layover.

Methods: 65 cabin crew (45 women; aged 20-59 years) wore an actigraph and
completed a sleep/duty diary for 3 local nights prior to, throughout, and for
3 local nights after a ULR trip. Crewmembers rated their fatigue (Samn-Perelli
Crew Status Check), sleepiness (Karolinska Sleepiness Scale), and workload
(OW; NASA-TLX) at key times during each flight. Jet lag was rated each day at
home and during layover.

Results: Fatigue and sleepiness were highest at top-of-descent and after landing
and were higher on the inbound flight than on the outbound flight. For every
hour of additional sleep in-flight, top-of-descent fatigue ratings decreased by
0.24 points and top-of-descent sleepiness ratings decreased by 0.38, whereas
top-of-descent fatigue and sleepiness ratings increased by 0.24 points with
every 10-point increase in OW ratings. Crew slept more in the 24-hours prior
to the outbound (M=85h) and inbound flights (M=9.1h) compared to
pre-trip baseline days (M =8.2 h). Post-trip, crew slept more during the first
day (M =9.9 h) compared to baseline, with 95% taking a daytime nap. Jet lag
ratings decreased daily on return home but were still higher on the fourth day
than on the day of the outbound flight.

Discussion: Cabin crew prepare for ULR flights by obtaining more sleep prior to
departure. However, large individual differences in sleep and declining jet lag
ratings across pre-trip days suggest that some crewmembers may still be
recovering from a previous trip. Further refinement of in-flight sleep strategies
and workload mitigations could be considered for managing fatigue risk at
top-of-descent. Findings also highlight the importance of a protected period
of post-trip rest to facilitate cabin crews’ recovery from the effects of sleep
restriction and circadian disruption associated with this ULR trip.

KEYWORDS
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Ultra-long range (ULR) flight operations have the potential to increase fatigue-related
operational risk, particularly during the final safety critical phase of flight if the extended
flight times (16+ hours) and duty times (18-22 h) are associated with extended periods of
wakefulness, limited prior sleep and higher levels of crew fatigue (1). This is based largely
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on laboratory-based studies that have shown robust relationships

between cognitive performance impairment and extended
wakefulness (2), increasing sleep loss (3), and performing during
an adverse circadian phase (4). Higher levels of crew fatigue
could also require longer opportunities for recovery sleep during
layovers, and/or after a ULR trip.

Internationally, the regulatory approach has been for an operator
to present a safety case that demonstrates how they will identify,
manage and monitor risks associated with the ULR operation,
including the risk of fatigue (5, 6). Due to the unique risks
associated with each ULR city-pair, the safety case will normally
stipulate that data will be collected during initial operations to
demonstrate the effectiveness of mitigations and an equivalent level
of safety to existing operations. Regulators also usually require the
operator to have an approved Fatigue Risk Management System
(FRMS) in place before a ULR operation can commence. In New
Zealand there is no regulatory option for an operator to obtain an
approved FRMS, but Air New Zealand (Air NZ) has been an
industry leader in the development of these processes (7) and has
undertaken numerous previous data collection studies to inform
the management of fatigue among flight crew (8-11) and cabin
crew (not published) within their organization. Because FRMS is a
data-driven means of managing fatigue-related safety risk and is
“based on

scientific principles, knowledge, and operational

experience”, (12) sharing information on the utilization and
effectiveness of fatigue risk mitigations on existing ULR routes will
inform the planning of new ULR operations.

The main mitigation employed to address the fatigue-related
operational risk during ULR flights is the scheduling of in-flight
rest breaks during which crewmembers have the opportunity to
). The

extent to which in-flight rest breaks can mitigate the effects of

sleep in crew rest facilities with lie-flat bunks (I, 13,

extended wakefulness on ULR flights depends on the amount and
quality of sleep that crewmembers are able to obtain (15). Other
key mitigations in ULR operations include providing a protected
period of time prior to a ULR trip that includes a minimum of
two local nights to ensure crew are well rested before departure, a
minimum layover duration that accommodates at least two full
nights of sleep for sufficient recovery prior to the inbound flight,
and the provision of an adequate protected period of recovery
following the ULR trip (1).

Several studies have evaluated the effectiveness and/or
utilization of fatigue mitigations for managing flight crew fatigue
during ULR operations (16-20) but very limited data is available
on the utilization of fatigue mitigations for cabin crew during
ULR operations (21). Findings from these studies can inform
other ULR operations but the generalizability of findings will
depend on the similarity of departure times, arrival times, flight
durations, layover durations, flight directions (westward vs.
eastward), and/or number of time zones crossed. Flight duration
will determine the available time for in-flight rest, whereas
departure and arrival times will influence the timing of sleep
opportunities relative to crewmembers’ biological night which in
turn will influence the sleep they may obtain in-flight and during
the layover (6). Flight direction, the number of time zones
crossed, and layover duration will also influence crewmembers’
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sleep during the layover and on the inbound flight, and during
post-trip recovery.

The suitability of measures recommended for monitoring cabin
crew fatigue during ULR operations [actigraphy, sleep/duty diaries,
ratings of fatigue and sleepiness, workload, and psychomotor
vigilance task (PVT)] (6) has previously been demonstrated (21).
However, since no significant associations were found between
cabin crews’ sleep/wake history and PVT performance, it is
debatable whether PVT data add worthwhile information for the
evaluation of cabin crew fatigue risk. In other shift work settings,
the PVT has been an informative measure of performance
impairment during shifts which in most instances appeared to be
consistent with subjective measures of fatigue (22). However,
incomplete data resulting from missing tests or tests taken too
early or too late will limit their representativeness of the group
studied (

cabin crew as well as the logistical challenges associated with

). The additional burden this test places on busy

obtaining reliable PVT data in a busy testing environment also
needs to be considered (21).

When monitoring post-trip recovery, actigraphic measures of
sleep and post-sleep fatigue and sleepiness may not provide a
complete picture of how crew are recovering and how prepared
they are for the next trip. Previous research has demonstrated
that compared to cabin crews’ pre-trip baseline sleep, total sleep
per 24 h following a ULR trip was significantly longer on the
first post-trip day but no different on subsequent post-trip days
(21). Though post sleep fatigue and sleepiness ratings were
highly variable, there were no significant differences observed
between baseline and post-trip days (21). Post-trip recovery can
also be evaluated by assessing phase shifts in circadian rhythms,
and there are multiple measures for doing this (melatonin,
) but
they are logistically challenging. Subjective reports of jet lag may

cortisol, body temperature, cognitive performance) (23,
be a useful addition (25, 26) and are easy to administer and less
burdensome for cabin crew to complete.

The aim of the present study was to evaluate the utilization of
the airline’s fatigue risk mitigations put in place for cabin crew
operating an eastward outbound Auckland-Chicago-Auckland
(AKL-ORD-AKL) trip with two-day layover, by monitoring cabin
crews’ sleep, and obtaining jet lag ratings before, during, and
after this trip, as well as ratings of sleepiness, fatigue and
workload across each flight, using international best practice
methods (6). A secondary aim of this study was to add
information to the existing knowledge of cabin crews’ sleep,
sleepiness, and fatigue during ULR operations.

Subjects

The study was reviewed and approved by the Massey
University Human Ethics Committee (Southern A, Application
SOA 18/82). All Air NZ cabin crew scheduled to fly the
AKL-ORD-AKL ULR route during the study period were eligible
to participate. Cabin crew volunteering to participate provided
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written informed consent prior to beginning their data collection
and confidentiality was strictly maintained. Cabin crew were not
compensated for participating. The aim was to recruit 78 cabin
crew as determined by power calculations with cabin crew data
collected in a previous ULR validation study (21).

Materials

Sleep/wake patterns were monitored with actigraphy (Micro
Motionlogger, Ambulatory Monitoring, Inc., Ardsley, New York,
flight USA). Actigraphy is a validated, widely used method for
monitoring sleep/wake patterns in various populations (27, 28)
including cabin crew (29-34). It has been validated for monitoring
in-flight sleep of flight crew (15,
ULR validation studies involving flight crew (16—

) and has since been used in
) and cabin
crew (21). The Micro Motionlogger actigraph, which is the size of
a wristwatch with a functional time display, has an “event marker”
button which participants were instructed to press each time they
began and stopped trying to sleep. Activity counts, ambient light,
and case temperature were recorded in 1l-minute epochs and
subsequently downloaded to a computer, using the manufacturer’s
Motionlogger WatchWare program (Ambulatory Monitoring Inc,
Ardsley, NY).

A sleep/duty diary used previously in multiple ULR validation
studies with flight crew (16, 17) and cabin crew (21) was adapted
for use in the present study. The sleep/duty diary included a
pre-study questionnaire to collect information on cabin crew
position, flying experience, age, sex, usual sleep at home on days
off, and usual sleep in onboard crew rest facilities, as well as a
lookback report for recording duty periods in the week leading up
to the ULR duty. For recording sleep start- and end-times at home
pre-trip, post-trip, and during layover, 24-hour timelines were
included. For each flight sector (AKL-ORD; ORD-AKL), additional
pages were included to collect operational information, including
scheduled and actual duty start and end time, cabin worked
(Business Premier, Premium Economy, or Economy), planned rest
breaks for the flight, actual rest breaks taken, and how the
crewmember usually manages fatigue on this flight. There were
also spaces for rating fatigue, sleepiness, and workload at specific
times, and for any comments.

Fatigue was rated on the Samn-Perelli Crew Status Check (SP),
using a scale from 1 = “fully alert, wide awake” to 7 = “completely
). The SP was
developed specifically for use with flight crew (38). Sleepiness

exhausted, unable to function effectively” (36—

was rated on the Karolinska Sleepiness Scale (KSS), using a scale
from 1= “extremely alert” to 9 = “extremely sleepy, fighting sleep”
(39—

on sleep loss, fatigue, and performance of flight crew (17, 42-46),

). These scales have been used in previous studies focused

and cabin crew (21). In controlled laboratory studies, values of 7
and above (>7) on the KSS have been associated with the
occurrence of microsleeps (very short periods of uncontrolled
sleep) (39). Therefore, the frequency with which KSS values >7
occurred in the present study is reported. There is less empirical
evidence for a cut-off on the SP. However, airlines have used
values of 5 and above (>5) to indicate excessive crewmember
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fatigue (17, 47). The frequency with which SP values >5
occurred is also reported in the present study.

Workload was rated on the Overall Workload scale (48), by
placing a mark on a horizontal line divided into 20 slots,
on the left and “high” on the right.

Subsequently, a score between 0 (low) and 100 (high) was

>

anchored with “low’

assigned. Workload for the entire flight was rated on the raw
NASA Task Load Index (NASA TLX) (49). The weighting
component, included in the traditional NASA TLX to account
for any individual differences in the subjective experience of the
task (
raw NASA TLX (without the weighting component) has been

), was omitted to reduce the burden on participants. The

shown to be equally sensitive as the original version (51, 52).

Also included was a post-service duty questionnaire which has
been used in a previous cabin crew fatigue study (29) to document
the number of passengers on the flight, whether the flight was
delayed, if turbulence was experienced, if there were disruptive
passengers, medical or emergency incidents, and/or major service
disruptions, and number of times they assisted with baggage.
These data are not included in the present analyses.

Feelings of jet lag were rated on a horizontal visual analog scale,
anchored with “no jet lag” on the left and “extreme jet lag” on the
right. Subsequently, a score between 0 (no jet lag) and 100
(extreme jet lag) was assigned (25, 26). Jet lag ratings were made
at 16:00 local time and ratings on pre-trip days were categorised
as “Pre-trip day 1-3” and “Day of departure of the outbound
flight”. Ratings on the day of arrival in New Zealand were
categorised as “Post-trip day 1”7, with ratings made on subsequent
days “Post-trip day 2-4".

Procedure

Information on the study was initially posted on the airline’s
intranet channels. Cabin crew scheduled for an AKL-ORD-AKL
trip with a two-night layover were telephoned by an Air NZ
member of the research team and invited to participate. Cabin
crew interested in participating were sent a study pack containing
a study information sheet, consent form, letter of support from
the airline, actigraph, sleep/duty diary, and instruction guide
within two weeks of their study trip, and a suitable time was
arranged for a conference training call and delivery of the study
pack. During the conference training phone call with up to seven
cabin crew, a Sleep/Wake Research Centre (SWRC) member of
the research team explained the study requirements and the use of
the study materials. Instructions were also included in the sleep/
duty diary and were available on the airline’s intranet.

The eastward outbound flights, with 14.9 h planned flight time,
were scheduled to depart Auckland at 20:10 local time, arriving in
Chicago in the afternoon (depending on the time of the year
16:15 or 18:05 ORD time =11:15 or 11:05 AKL time). Cabin crew
had a two-day layover which included two local nights. The
westward inbound flights had a planned flight time of 16.2h and
were scheduled to depart Chicago in the evening (depending on
the time of the year 19:10 or 21:20 ORD time=14:10 or 16:20
AKL time), arriving in Auckland in the morning (06:30 AKL time
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=11:30 or 13:30 ORD time). Study flights were regular commercial
flights on the AKL-ORD-AKL route which was introduced seven
months prior to the commencement of the study.

Flights on the B787-9 Dreamliner were operated by 10 cabin
crew, including one In-flight Service Manager Lead (ISM Lead)
and one In-flight Service Manager 2 (ISM 2). Crew worked as
two groups (A and B) who alternated periods of cabin duty and
rest breaks outside of the main meal services.

As part of the airline’s fatigue risk management, cabin crew
were provided with advisory material developed by the airline,
recommending that the portion of the flight in between meal
services be split into four rests breaks, with each crewmember
scheduled for two in-flight sleep opportunities in the bunk. For
both flight sectors, the airline provided three break options, each
comprising a long break (recommended duration varying
between 3 h-3 h40 on outbound flights; 3 h20-4 h15 on inbound
flights) timed to coincide with the biological night plus a short
break (recommended duration varying between 50 min-1 h30 on
outbound flights; 1 h-1h30 on inbound flights). Break patterns
could be varied for operational reasons. In addition to scheduled
rest breaks for sleep in the bunk, an additional rest (no longer
than 35 min, including a recovery period of 10 min) in one of
two reclining high comfort crew seats with a folding leg rest and
curtain (located at the rear passenger doors) was also provided.

Cabin crew were also provided with a minimum rest period of
48 h (including two local nights) free from all duty prior to their
ULR trip, and a minimum of 96 h (including four local nights)
protected time post-trip for recovery.

The airline’s advisory material included recommended fatigue
mitigation strategies at home pre-trip, during layover, and post-
trip. Post-trip information addressed the fatigue risk of driving
home post duty and provided mitigations, which included
utilizing crew transport or the fatigue taxi system. This allows
crew to order a taxi for traveling home at the airline’s cost (up to
a maximum of 50 km) and return to collect their vehicle the
following day.

Participants were asked to complete the sleep/duty diary and
wear the actigraph continuously for three days prior to the study
trip, throughout the entire duration of the trip, and for three
days after returning from the study trip. This included rating
their jet lag at 16:00 local time each day. On the day of each
flight, participants were asked to provide operational information,
rate their fatigue and sleepiness: (1) pre-flight, after signing on
for duty; (2) around top of climb (once the seatbelt sign was
turned off); (3) around top of descent (at cabin clearance
following the last meal service); and (4) after landing. They were
also asked to rate their overall workload at top of climb, before
each scheduled in-flight rest break, and at top of descent. For
each flight sector, participants were also asked to rate their
workload for the entire flight on the NASA TLX. In addition,
they were asked to record scheduled and actual break start- and
end-times, sleep start- and end-times, and rate their sleepiness
and fatigue before and after each sleep (pre- and post-sleep
ratings are not reported here).

All identifying crewmember information was held by an Air
NZ member of the research team, and sleep/duty diaries and
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labeled with a
identification number. The Air NZ member of the research team

actigraph data were unique participant
scanned completed sleep/duty diaries and downloaded actigraphy
files which were securely transferred to the SWRC. At the end of
data collection all paper diaries and consent forms were
forwarded to the SWRC for secure storage and archiving.

Sleep/duty diaries, including the pre-study questionnaire and
lookback report, were completed by all cabin crew, and were
entered into a MS Access database. Once data entry was
completed, data were screened for outliers, which were cross-
checked against the sleep/duty diary data. In some instances,
certain responses were missing. For one crewmember, all
inbound diary pages were missing. The number of available
responses for each measure are included in the results tables.

Actigraphy data recorded in the Proportional Instrument
(PIM) mode was scored with the UCSD algorithm applied in the
ActionW2.7 software program (Ambulatory Monitoring Inc,
Ardsley, NY) in conjunction with sleep diary information. To
assess the reliability of the manual identification of time-in-bed
intervals, 20% of files were independently double-scored by a
second trained researcher. Discrepancies of more than 15 min
occurred in 8.8% of time-in-bed interval start times and 13.4% of
time-in-bed interval end times and an overall agreement
(agreement being classed as 15 min or less difference between
scorers) of 88.9% was achieved. All discrepancies were double-
checked, and any errors corrected.

Actigraphy variables were exported via MS Excel to a custom-
built program (53) in R (54) where for each crewmember, total
sleep was calculated for specific 24-hour periods as follows:

o Baseline sleep: was calculated for an individual as the average
sleep obtained at home in the two 24-hour periods from
midday to midday (AKL time) that preceded midday on the
day of departure. Sleep was included if duties preceding a
sleep period ended before 19:00 and was not followed by a
subsequent early sign on time (i.e., sleep was not curtailed by
work). If a crewmember arrived back from an international
flight on the morning of the first “baseline” day, subsequent
sleep was included. Therefore, in most instances, there are two
baseline days of sleep data for each crewmember.

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

« Layover sleep (day 1; day 2): total sleep per 24 h from noon-to-
noon AKL time, to enable comparisons with sleep at home.

o Post-trip sleep: total sleep per 24 h from noon-to-noon AKL
time across three days from the day of arrival in AKL. Any
sleep before noon on the day of arrival was not included to
enable comparisons with baseline sleep.

Actigraphy data were available for all except three participants. In
addition, one crewmember began wearing the actigraph on the day
of the outbound flight and had no pre-flight sleep data. “Baseline
day 17 sleep was missing for eight crewmembers and excluded
for 12 crewmembers whose sleep was curtailed by work.
“Layover day 1” sleep was missing for three crewmembers and
“Layover day 2” sleep was missing for two crewmembers; “Post-
trip day 17 sleep was missing for two crewmembers; “Post-trip
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day 2” sleep was missing for two crewmembers; and “Post-trip day
3” sleep was missing for eight crewmembers.

Statistical analysis

Descriptive statistics were calculated in SPSS 25 (IBM Corp.,
Armonk, NY) or SAS 9.4 software (SAS Institute Inc., Cary, NC,
USA) and plots prepared using MS Excel for Windows, IBM
SPSS  Statistics 25, RStudio, Version 1.2.1335 (Integrated
Development for R. RStudio, Inc., Boston, MA); and Prism 6.01
for Windows (Graphpad Software, Inc). For univariate
comparisons of non-normally distributed data, Wilcoxon rank
sum tests, and Kruskal-Wallis tests with Benjamini and Yekutieli
adjustment were undertaken in RStudio.

Linear mixed modelling was undertaken in SAS 9.4. For mixed
design ANOVAs for repeated measures, appropriate covariance
structures suitable for unequally spaced data were considered
(compound symmetry or first order ante-dependence) and the
Bayesian Information Criteria was used to determine which
covariance structure provided the best model fit. Subject ID was
included as random effect to account for individual differences.
The Kenward-Roger adjustment was applied to the degrees of
freedom estimation (55). For between-subject mixed models,
subject ID was included as a random effect with “variance
components” applied as covariance structure. For each model,
assumptions of normality, linearity, and constant variance were
checked visually and the distribution of the residuals were tested
with the Shapiro-Wilk test of normality, and Levene’s test for
constant variance (56). If outlying residuals were identified, the
model was rerun excluding the outlier(s). If removal of the
outlier(s) changed the findings of the model, the reported results
exclude the outlier(s) but otherwise results are reported with the
outlier(s) included.

Post hoc pairwise comparison tests were used to investigate
statistically significant main effects and for statistically significant

TABLE 1 Crew demographics by cabin crew position.

10.3389/fenvh.2023.1329206

interaction effects, simple effect tests were used to investigate
comparisons of interests. Holm’s sequentially rejective procedure
was used to adjust the level of significance for more than two
levels of comparisons (57).

Results

Table 1 provides details of the participating cabin crew in the
study. A total of 80 cabin crew were approached regarding the
study; 78 cabin crew received a study pack, however 11 did not
begin data collection. One cabin crew stopped participating on
the outbound flight, and one did not return a diary; as such,
65 cabin crew (45 women; 20 men) provided sufficient data to
be included in the study and, among these, 59 had complete
data sets.

A total of 20 return trips were studied (20 outbound and 20
inbound flights) between 10 July 2019 and 5 October 2019. The
number of participating crewmembers on each flight varied,
ranging from one to five. Daylight saving began in New
Zealand on 29 September 2019, with one trip studied after that
date. Therefore, there was a 7-hour time difference between
Auckland and Chicago in most instances. As illustrated in
Figure 1, both flights spanned the domicile night. Outbound
flights (AKL-ORD) had a median duration of 14.9 h, and duty
times were on average 17.3 h (Table 2). Inbound flights (ORD-
AKL) were 1.2h longer on average and duty time averaged
18.3 h. Layover duration was close to 48 h (calculated between
duty-end and start-times).

Figure 2 shows the overall pattern of sleep and flight times for
cabin crew across the duration of the study. A single crewmember’s
data is presented as one row across the page and each day of the
study is a column. Total sleep per 24h at home pre- and
post-trip, and on layover, is summarized in Table 3.

TIFA®* economy

TIFA BP/PE®

ISM 2¢

ISM lead®

All crew

Age (years)

Median (range)
29.0 (20.0-54.0)°

Median (range)

36.0 (24.0-58.0)°

Median (range)
27.5 (23.0-30.0)

Median (range)
41.0 (30.0-59.0)¢

Median (range)
34.0 (20.0-59.0)°

Work experience (years) 1.5 (0.5-20.0)%" 5.1 (0.7-12.5)8 4.5 (3.0-6.0) 11.0 (5.0-32.0) 4.5 (0.5-32.0)°"
Long haul experience (years) 1.0 (0.4-20.0)% 4.0 (0.7-9.0)" 4.5 (3.0-5.0) 5.5 (3.0-20.0)%" 3.9 (0.4-20.0)%8
Number of times flown this ULR route 2.0 (0-9)** 2.0 (0-8)%* 0.5 (0-2) 1.5 (0-6)%' 2.0 (0-9)°

Average work hours per month

99.00 (55.00-110.00)*F

97.00 (70.00-192.00)*

92.50 (90.00-100.00)

96.30 (6.00-130.00)"

97.25 (6.00-192.00)**

Expected work hours during the month
of the study flight

97.80 (52.00-113.00)°f

103.25 (60.00-133.00)"

89.25 (83.00-95.50)

94.73 (58.15-142.55)

98.80 (52.00-142.55)"

Total number of crew

19

30

12

65

Two ISM Leads also work as ISM 2 and 5 TIFA BP/PE also work as TIFA Economy.
°TIFA, Tasman international flight attendant.

BP, business premium, PE, premium economy.

€ISM 2 = In-flight service manager Two, supporting the ISM Lead.

4ISM Lead, in-flight service manager lead.

®Data not normally distributed.
fincludes 1 outlier.

9Includes 3 outliers.

"Includes 4 outliers.

iIncludes 2 outliers.

JIncludes 10 outliers.

“Includes 5 outliers
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AKL-ORD flight
(14.9 hours)

ORD-AKL flight
(16.1 hours)

FIGURE 1

authority.

Local NZ night (2200-0800")

20:55 10:49
/ \
y \
/ \
/ \
// \\\

/ \
Departure ) Arrival
20:26 NZ time 11:25 NZ time

(18:25 CDT)
Local NZ night (2200-0800")
Local night CDT time (2200-08007)
14:57 06:09
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European union aviation safety agency; UK CAP 371, the avoidance of fatigue in aircrews guide to requirements, United Kingdom civil aviation

TABLE 2 Flight details.

Sector Mean | SD Median Range | N

Outbound
Actual sign on time (NZ) 18:57* | 00:31 19:10 15:55-20:16% | 65
Departure time (NZ) 20:28* | 00:14 20:26 20:10-21:10° | 65
Time at top of climb (NZ) 20:59% | 00:21 20:55 20:30-22:52° | 58
Time at top of descent (NZ) 10:47% | 00:22 10:49 10:10-11:50° | 65
Arrival time (NZ) 11:25% | 00:24 11:25 10:48-12:40" | 65
Flight duration (hours) 14.96* | 0.31 14.90 14.50-16.08¢ | 65
Duty duration (hours) 17.31 0.79 17.20 15.35-20.00° | 65

Layover
Duration (based on duty end 48.58" | 0.86 48.62 46.23-49.97 | 65
and start time, hours)

Inbound
Actual sign on time (NZ) 12:51* | 00:41 13:10 10:45-13:35" | 65
Departure time (NZ) 14:32% | 00:16 14:30 14:10-15:07° | 65
Time at top of climb (NZ) 15:04* | 00:22 14:57 14:30-16:18° | 53
Time at top of descent (NZ) 06:12% | 00:27 06:09 05:35-07:48" | 65
Arrival time (NZ) 06:39" | 00:28 06:35 05:50-08:15° | 65
Flight duration (hours) 16.11% | 0.39 16.07 15.25-17.20° | 65
Duty duration (hours) 18.33 | 0.74 18.33 17.00-20.33 | 65

?Data not normally distributed.
®Includes 3 outliers.

Includes 5 outliers.

dIncludes 4 outliers.

€Includes 1 outlier.

fIncludes 2 outliers.

9Includes 11 outliers. Times are displayed in New Zealand Standard Time (NZ).
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Sleep at home and on layover

A mixed model ANOVA for repeated measures showed that
compared to their baseline sleep (estimated mean =8.2 h), cabin
crew obtained more sleep in the 24 h prior to the outbound
flight (estimated mean=8.5h), F, 103 =4.31, p=0.040. On the
day of the outbound flight, 49.2% cabin crew had a pre-flight
nap and 91.7% obtained at least 7 h sleep (8.3% obtained less
than 7 h sleep).

A second mixed model ANOVA for repeated measures showed
that cabin crews’ layover sleep differed significantly from their
160y =447, p=0013).
comparisons indicated that compared to their baseline sleep, cabin

baseline sleep (F, Post hoc pairwise
crew obtained a similar amount of sleep on the first day of the
layover (estimated mean=28.2h, p=0.987) but obtained on average
53 min more sleep on the second day of the layover (estimated
mean =9.1 h, p=0.010). The number of sleep episodes, sleep timing,
and sleep durations were highly variable between crewmembers (see
Figure 2) but 83.3% obtained at least 7h sleep on the second
layover day (16.7% obtained less than 7h) and 33.9% napped at
various times prior to departure of the inbound flight.

A mixed model ANOVA comparing total sleep in the 24 h prior
to the outbound and inbound flight found that sleep in the 24 h prior
the inbound flight (estimated mean=9.1h) did not differ
significantly from the amount of sleep obtained prior the outbound
flight (estimated mean = 8.6 h), (F(y, s06) =2.52, p=0.117).
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FIGURE 2
Pattern of sleep and work for cabin crew across the AKL-ORD-AKL trip. Figure key: Dark blue bars, sleep periods recorded using actigraphy; Light blue
bars, sleep periods recorded using the duty/sleep diary; Brown bars, flight sectors; Green shading, domicile night in New Zealand; Dark grey shading,
local night in Chicago.

A third mixed model ANOVA for repeated measures showed
that cabin crews’ post-trip sleep differed significantly from their
baseline sleep (F(, 213=36.85, p<0.001). Post hoc pairwise
comparisons indicated that cabin crew slept on average 1.7h
more on post-flight day 1 (on average 9.9h) compared to
baseline days (on average 8.2 h), p <0.001. On subsequent post-
flight days, cabin crews’ sleep per 24 h did not significantly differ
from baseline.

In-flight rest and sleep, workload, fatigue,
and sleepiness during ULR duty

On the outbound flight, all except three crewmembers had a
single long break, either during the first half or second half of
the cruise phase of flight. On the longer inbound flight, 29% had

TABLE 3 Total sleep time (hours) at home pre- and post-flight, and on
layover.

Mean ‘ SD ‘ Median ‘ Range ‘ N

Time period

Baseline (pre-trip) day 1 8.10° 1.44 8.22 432-1038" | 41
Baseline (pre-trip) day 2 8.24 1.35 8.17 5.57-14.22° | 61
Pre-flight last 24 h, outbound 8.58 1.27 8.56 6.07-11.72 | 60
Layover day 1 823 | 236 8.08 3.9-15.18" | 59
Layover day 2 9.07* 2.33 8.71 4.28-15.93" | 60
Post-flight day 14 9.93 1.82 9.81 5.57-14.24 | 60
Post-flight day 2 7.95 1.22 7.96 4.28-10.38° | 60
Post-flight day 3 7.67 1.14 7.77 5.08-10.37 | 54

?Data not normally distributed.

PIncludes 2 outliers.

Includes 1 outlier.

949 crewmembers had a nap which began prior to the post-flight day 1 period
starting at midday, thus any sleep obtained before noon is not included here.

Frontiers in Environmental Health

a single long break, while 71% had two scheduled rest breaks
in the bunk. Where crew were provided with two rest breaks
each, three different rest patterns were observed, namely: “long-
long-short-short” (4 h15-4 h15-1 h-1h), “short-long-long-short”
(1 h30-3 h30-3 h30-1 h30), or “short-short-long-long” (1 h20-
1 h20-3 h30-3 h30). All crewmembers attempted and obtained
sleep on the outbound flight. On the longer inbound flight, three
crewmembers with two scheduled breaks (short +1long) did not
attempt sleep during their first, short rest break. Three other
crewmembers who attempted sleep during their first short bunk
rest did not obtain sleep, one of whom also did not manage to
obtain sleep during their second break. One other crewmember
with a long + short break did not manage to fall asleep during
their short break.

The additional rest provision in the high comfort seat was
utilized by 36.9% crewmembers on the outbound flight, and by
32.3% crewmembers on the inbound flight. On the inbound
flight, the proportion of crewmembers using the additional rest
provision was higher among crew with one break (53%)
compared to those with two breaks each (24%).

Total rest duration in the bunk was on average longer on
the inbound flight (estimated mean=4.84h) compared to the
outbound flight (estimated mean=4.31h), Fy, ¢ =79.96, p<
0.001. A mixed model ANCOVA investigated whether total in-
flight sleep differed between flight sectors, irrespective of the rest
break pattern. Crewmembers’ age and sex was also included in
this model. Total in-flight sleep did not differ between flight
sectors (Fy, ¢1)=0.06, p=0.804) with cabin crew obtaining a
similar amount of sleep on the outbound flight (estimated mean =
2.42h) and on the inbound flight (estimated mean=2.38 h). Age
and sex were not associated with the amount of in-flight sleep
obtained (F(;, s0=0.01, p=0913; F(y, 50= 114, p=0.291).
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The effect of timing of the rest break relative to the domicile
night was evaluated only for cabin crews’ long(er) break, due to
the various rest break patterns being used on the inbound flight.
For crew with a single rest break, the cruise portion of each
flight was divided into two equal time bins. For crewmembers
with two scheduled breaks each, the cruise portion on these
flights was divided into 3, with the long break occurring either in
the first third, middle third, or last third of the cruise. On
outbound flights, all but three crewmembers had a single long
break and crewmembers who had their break during the second
half of cruise obtained significantly more sleep (estimated mean
=167.7 min) than the those who had their break scheduled
during the first half of cruise (estimated mean =122.9 min), F,
so)=14.46, p<0.001 ( ). On inbound flights,
crewmembers with a single break (the majority of these timed
during second half of the cruise) obtained on average 40 min
more sleep (estimated mean=174.0 min) than crew with two
scheduled rest breaks (estimated mean=133.7 min), F, ¢0)=
11.59, p=0.001. The influence of the timing of the long break on
total in-flight sleep was evaluated separately for crew with a
single long break and those with two scheduled breaks. For crew
with a single break, total in-flight sleep differed significantly
depending on the timing of the break, W;=69.0, z=2.07, p=
0.038. Crewmembers obtained more sleep in the first half of
cruise (median =206 min; n=5) compared to crew with their
break in the second half of cruise (median =164 min; n=13)
( ). For crew with two scheduled breaks, total in-flight
sleep did not differ by the timing of their longer break (first 3rd
of cruise median = 103.5 min, n = 4; middle 3rd of cruise median
=132.0min, n=21; last 3rd of cruise median=137.0 min,
n=19), (Hpy =116, p=0.560 ( ).

Ratings of sleepiness and fatigue were made multiple times
during each flight sector but due to the highly variable pattern
and timing of rest breaks, only ratings completed pre-flight, at
top of climb, at top of descent and after landing are considered
here. To evaluate changes in sleepiness and fatigue ratings across
the flight, mixed model ANOVAs for repeated measures
considered the time at which the rating was made (pre-flight, top
of climb, top of descent, after landing), flight sector (outbound

10.3389/fenvh.2023.1329206

or inbound), and the interaction between rating time and flight
sector. Findings are summarised in

Sleepiness ratings ( ) and fatigue ratings ( )
changed significantly across each flight, with cabin crew feeling
least sleepy and fatigued pre-flight and getting progressively
sleepier and more fatigued. Simple effect tests indicated that on
both flight sectors, cabin crew were significantly sleepier and
more fatigued at top of climb compared to pre-flight, sleepier,
and more fatigued at top of descent compared to top of climb
and pre-flight, and sleepier and more fatigued after landing
compared to top of descent, top of climb and pre-flight. Cabin
crew felt significantly sleepier and more fatigued on the inbound
flight than on the outbound flight at pre-flight, top of climb, and
top of descent. On the inbound flight, cabin crew also felt more
fatigued after landing whereas sleepiness ratings after landing did
not significantly differ between flight sectors.

Compared to the outbound flight, a larger proportion of cabin
crew had sleepiness ratings >7 ( ), and fatigue ratings >5
( ) at each rating time on the inbound flight.

Due to the highly variable pattern and timing of rest breaks, only
overall workload ratings at top of climb and top of descent ratings were
). A mixed model ANOVA evaluated whether OW
ratings differed between top of climb and top of descent, between

analysed (

flight sectors, and/or between cabin class worked (4 crewmembers
who worked in more than one cabin class during the flight were
excluded from this analysis). Overall Workload ratings did not differ
between top of climb and top of descent (F(;, 174)=1.29, p=0.257),
or between outbound and inbound flights (F(;, 176) = 3.60, p = 0.059)
but differed significantly by cabin class worked (F,, ;93 =13.45,
P <0.001). Post hoc pairwise comparisons indicated that cabin crew
who worked in Business Premier had significantly higher OW
ratings when compared to cabin crew working in either Premium
Economy (p <0.001) or Economy class (p <.001).

compares each of the 6 NASA Task Load Index
subscales between outbound and inbound flights. Two mixed
model ANCOVAs did not find an association between cabin
crews’ overall mean TLX scores and either total in-flight sleep
(F1, 103)=0.00, p=0.951) or total sleep in the 24 h prior top of
descent (F;, 113=0.07, p=0.799), and duration of prior
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FIGURE 3
Total in-flight sleep by timing of long break for crew with a single break on outbound flights (A), and a single (B) or two breaks (C) on inbound flights.
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wakefulness at top of descent (F(;, sa7) =2.55, p=0.114), but
overal mean TLX scores were significantly higher on the
inbound flight (estimated mean =59.15) than on outbound flight
(estimated mean = 51.03), F(;, 573 = 11.41, p=0.001.

A series of mixed model ANCOVAs investigated the factors
influencing sleepiness and fatigue ratings at top of descent. For

TABLE 4 Effect of time and sector on Karolinska sleepiness scale ratings
and Samn-Perelli fatigue ratings during ULR duty.

Fixed effects Sleepiness Fatigue

and interactions

Time

F3, 426)=219.78, p < 0.001
F1, 426)=99.31, p <0.001
F3, 426)=4.28, p=0.005

F3, 422)=146.59, p <0.001
F1, 422)=56.37, p <0.001
F3, 422)=4.57, p=0.004

Sector

Time x Sector

Bold values denote statistical significance at the <0.05 level.
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each outcome variable, four models were run with the first
model including the amount of in-flight sleep obtained, the
length of time a crewmember had been awake at top of descent,
OW rating at top of descent, and flight sector (outbound or
inbound). The second model was similar but included total sleep
in the 24 h prior to top of descent instead of the amount of sleep
obtained in flight. These models were repeated but instead of
OW ratings at top of descent they included workload rated for
the entire flight on the NASA TLX (overall mean TLX score).
Findings of the mixed model ANCOVAs are summarised in
Table 7.

Sleepiness ratings at top of descent were associated with total
in-flight sleep, but not with the duration of time awake prior to
top of descent or total sleep in the 24 h prior to top of descent
(Table 7). For every hour of additional sleep obtained in-flight,
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TABLE 5 Overall workload (OW) ratings at top of climb and top of descent
on each flight sector.

Flight sector Time Mean @ SD | Median A Range | N
Outbound (AKL-ORD)
Top of climb 68.7° | 244 75.0 10-100 | 63
Top of descent | 684" | 259 75.0 10-100 | 62
Inbound (ORD-AKL)
Top of climb 70.3* | 253 75.0 5-100° | 62
Top of descent | 762" | 21.7 825 15-100° | 64

?Data not normally distributed.
®Includes 2 outliers.

sleepiness ratings at top of descent decreased by 0.38 points. With
every 10-point increase in OW ratings, sleepiness ratings at top of
descent increased by 0.24 points. In models that included mean
TLX score instead of OW ratings, no relationships were found
between cabin crews’ sleep/wake history and sleepiness at top of
descent, but with every 10-point increase in the overall mean
TLX score, sleepiness ratings increased by 0.45 points.

Fatigue ratings at top of descent were associated with total in-
flight sleep and time awake at top of descent, but not with total
sleep in the last 24 h prior top of descent (Table 7). For every
hour of additional sleep obtained in-flight, fatigue ratings at top of
descent decreased by 0.24 points. After controlling for total sleep
in 24 h prior to top of descent and at OW at top of descent,
fatigue ratings at top of descent increased by 0.06 points with
every hour of additional wakefulness. With every 10-point increase
in OW ratings, fatigue ratings at top of descent increased by 0.24
points. With every 10-point increase in overall mean TLX score,
fatigue ratings at top of descent increased by 0.28 points.

Feelings of jet lag

As shown in Figure 6, jet lag ratings varied widely between
individuals. A series of mixed model ANOVAs for repeated
measures were used to investigate changes in jet lag ratings
across days. Across pre-trip days 1-3, jet lag ratings changed
significantly (Fz, 109)=10.70, p<0.001). Post hoc pairwise
comparisons indicated that cabin crew rated their jet lag as

10.3389/fenvh.2023.1329206

significantly lower on pre-trip day 3 when compared to pre-trip
day 1 (p<0.001) and pre-trip day 2 (p=0.001). Forty-four
crewmembers also rated their jet lag on the day of departure of
the outbound flight, which did not significantly differ from
ratings the day prior (F(y, 25)=3.97, p =0.056).

On layover, jet lag ratings were significantly lower on day 2 (i.e.,
after the second night’s sleep) than on day 1 (F(;, 450)=9.89, p=
0.003). Post-trip, jet lag ratings differed significantly between
post-trip days (F, 156)=55.63, p<0.001). Post hoc pairwise
comparisons indicated that jet lag ratings differed between each
day (p<0.01 in all instances) and were lowest on the last day.
An additional model showed that jet lag ratings on the last post-
trip day were higher than on the day of departure of the
outbound flight (F(;, 539y =26.52, p <.001).

Discussion

Cabin crews’ participation in the present study was excellent,
with 98% of those approached agreeing to participate, 86%
beginning data collection and of those, 97% providing useable
data. Overall, the data collected were of high quality and with
only a small amount missing. In comparison, in a previous ULR
validation study involving cabin crew, 73% of those invited
agreed to participate, with 60% completing data collection and
41% provided data of suitable quality (21). The present findings
suggest that cabin crew found the study measures and processes
acceptable which should be taken into account when planning
future fatigue monitoring studies.

The amount of sleep cabin crew obtained pre-flight suggests
that they prepared for the Auckland-Chicago-Auckland flights,
by obtaining on average more sleep in the 24 h prior to the
outbound flight (8.5h) and inbound flights (9.1h) when
compared to their baseline sleep (8.2h), and more than the
average pre-flight sleep (7 h) of cabin crew prior to a ULR flight
departing at a similar domicile time (21). A small proportion of
crewmembers obtained less than the recommended minimum
7h sleep per 24 h (58) prior to the outbound flight (8.3%, vs.
91.7% who obtained at least 7 h) and inbound flight (16.7%, vs.
83.3% who obtained at least 7 h), which may suggest insufficient

TABLE 6 Workload on each flight sector assessed with NASA task load index.

NASA task load index

Outbound (AKL-ORD)
Median

Inbound (ORD-AKL)
Median

Range

Range

How mentally demanding was the flight? (MD) 65.0 10-100 65 75.0 10-100° 63 0.035
How physically demanding was the flight? (PD) 80.0 15-100 64 80.0 15-100 64 0.202
How hurried or rushed was the pace of the flight? (TD) 55.0 0-100 64 55.0 5-100 64 0.067
How successful were you in accomplishing what you were asked to do? (P) 20.0 0-90° 65 20.0 0-90° 64 0.063
How hard did you have to work to accomplish your level of performance? (E) 725 10-100 64 80.0 30-100¢ 63 0.007
How insecure, discouraged, irritated, stressed, and annoyed were you? (F) 25.0 0-100 65 57.5 5-100 64 <0.001
Overall mean TLX score 53.8 12.5-91.7 62 60.8 29.2-86.7 62 0.001

Bold values denote statistical significance at the <0.05 level.

2Wilcoxon signed rank test for within-subject comparisons was used since data were not normally distributed in most instances.

PIncludes 2 outliers.
“Includes 3 outliers.
YIncludes 1 outlier.
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TABLE 7 Effect of sleep/wake history and workload on sleepiness and fatigue at top of descent.

10.3389/fenvh.2023.1329206

Outcome | Model Total in- Total sleep in last Duration of time Overall workload | Overall mean Sector
variable flight sleep 24 h prior TOD awake at TOD at TOD TLX score
KSS 1 F, 786)=4.09, - F, 633)=0.67, F, 105 =12.38, - F, s6.6)=2.99,
p=0.047 p=0415 p<0.001 p=0.089
2 - Fq, 997=0.52, Fu, 73.4y=1.87, Fq, 112)=11.96, - Fu, 60.4y=4.11,
p=0471 p=0.175 p<0.001 p=0.047
3 F(l. 83.2) = 3.70, - F(l. 66.4) = 0.11, - F(l, 103) = 24.56, F(l, 56.7) = 1.11,
p=0.058 p=0742 p<0.001 =029
4 - Fq, 981)=0.12, Fa, 725 =109, - Fq, 106) = 24.32, Fa, 60.1)=1.15,
p=0.734 p=0301 p<0.001 p=0288
SP 1 Fu, s02 = 466, | - Fa, o4y = 1.50, Fa, 107 =7.75, N Fy, s7.7) = 1440,
p=0.034 p=0225 p=0.006 p<0.001
2 - F, 108 = 0.00, Fu, 749)=4.25, Fq, 107)=16.29, - F, s1.7=17.93,
p=0945 p=0.043 p<0.001 p<0.001
3 Fu, 101y=422, | - Fu, 733 =021, - Fq, 108)=25.62, Fa, 535 =13.24,
p=0.042 p=0.647 p<0.001 p<0.001
4 - Fq, 105=0.28, Fq, 74y=1.67, - Fq, 112)=19.35, Fq, ss.6)=8.53,
p=0597 p=0200 p<0.001 p=0.005

Bold values denote statistical significance at the <0.05 level.

recovery for those crewmembers. Several factors may have
impacted on cabin crews’ pre-flight sleep. A previous study with
cabin crew indicated that there was generally a trade-off between
sleep and other activities in an attempt to fit everything into the
limited time available (59). Cabin crew flying long range and
ULR face the additional challenge of recurrent jet lag and a
common complaint associated with this is disturbed sleep (60, 61).

Declining jet lag ratings across the three pre-trip days suggest
that some crewmembers were still recovering from a previous
trip during those days. Similarly, jet lag ratings on the second
layover day were lower than on the first layover day, suggesting
some adaptation to local Chicago time and/or some recovery
from sleep loss accrued on the outbound sector. It is however
not clear to what extent subjective ratings of jet lag in the
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present study reflect disruption in circadian rhythms and whether
they also reflect recovery from sleep loss. In one previous study,
cabin crews’ feelings of jet lag were most strongly associated with
mean daily sleepiness ratings (33). A recent study found that a
phase shift in cabin crews’ urinary melatonin peak time was
associated with jet lag ratings prior to but not following a long-
haul trip and changes in jet lag ratings were predicted by self-
reported arousal state only (62). Taken together, the present
findings highlight the importance of cabin crew having protected
days free of duty in advance of both flights in a ULR duty. In
addition, that
optimizing sleep would support cabin crew in making decisions

recurrency training includes education on
about sleep at home and on layover in preparation for ULR flights.

Due to differences in rise times on the day of departure and use
of pre-flight naps (outbound 49% of crewmembers; inbound 34%
of crewmembers), the length of time awake prior to departure
was highly variable between crewmembers (outbound: 1.5-14.8 h;
inbound: 1.1-12.1 h). On average, crew had been awake longer
prior to the outbound flight than prior to the inbound flight,
likely due to the different domicile departure times (evening vs.
). Additionally, domestic and/
or family commitments may have precluded a later wake up time
on the day of the outbound flight. Neither total sleep in the 24 h

prior to sign on, nor duration of time awake were found to be

afternoon, as illustrated in

related to pre-flight ratings of sleepiness and fatigue. However,
cabin crew felt significantly more sleepy and fatigued prior to the
inbound flight (estimated mean =4.0 and 3.2 respectively) when
compared to the outbound flight (estimated mean=2.3 and 1.8
respectively). The proportion of cabin crew with sleepiness
ratings of 7 or above was also larger prior to the inbound flight
(15.9%) than prior to the outbound flight (3.2%). Similarly for
fatigue ratings, 17.5% of crewmembers had ratings of 5 or above
prior to the inbound flight, compared to 1.6% prior to the
outbound flight. The lack of an association between pre-flight
sleep/wake history and ratings of sleepiness and fatigue pre-flight
may reflect the relatively limited sleep loss and duration of
wakefulness cabin crew experienced pre-flight. However, the lack
of association should not be interpreted as suggesting that these
factors are unimportant. Among 237 commercial airline pilots
flying long range and ULR flights, more sleep in the 24 h prior
duty was associated with pilots feeling less sleepy and fatigued
and performing better on a psychomotor vigilance task (PVT)
pre-flight, whereas the duration of time awake was not associated
with pilots’ pre-flight status (63). In laboratory studies, the
relationships between sleep/wake history and subjective sleepiness
have been clearly documented (2, 3), albeit under conditions of
greater sleep loss and/or longer periods of wakefulness than in
the present study. The higher pre-flight ratings prior to the
inbound flight may be indicative of incomplete recovery from the
cumulative effects of the outbound flight, circadian disruption,
and time of day differences. The departure of the outbound flight
occurred in the evening wake maintenance zone when alertness
is promoted, whereas the inbound flight departed in the
afternoon domicile time when there is a natural decrease in
alertness. Pre-flight napping should be encouraged to reduce the
duration of time awake and is another layer of protection in the
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event crewmembers are not able to sleep in flight. Previous
studies have shown that pre-flight napping does not influence the
amount of sleep during the first in-flight rest break, or the
amount of total in-flight sleep (17,
napping could be
management training for cabin crew.

). Increasing the uptake of
achieved through recurrent fatigue

The airline’s recommendation to schedule two rest breaks in
the bunk on each flight sector was predominantly utilized only
on the longer inbound flight for 71% of crewmembers (on the
outbound flight only for 5% of crewmembers). On average, cabin
crew obtained 2.4 h sleep on the outbound flight and although
they had more time available in the bunk on the longer inbound
flight, they did not obtain more sleep (2.4 h on average).

As expected, crewmembers with a single long break on the
outbound sector obtained more sleep (estimated mean=2.8 h)
during the second half of the cruise phase than those who had
their break earlier in flight (estimated mean=2.0h). This is
likely due to the second rest break spanning the early hours of
crewmembers’ biological night and occurring after a longer
period of prior wakefulness. In contrast, on the inbound sector,
crew with a single break during the second half of cruise
obtained less sleep on average than crew with their break during
first half of cruise, even though their break occurred during a
more favorable time for sleep (assuming minimal adaptation
during the two-day layover). An important caveat here is that
very few crew (n=>5) had their break in the first half of cruise,
so this finding should be considered with caution. For cabin crew
with two breaks each, a trend was observed for more sleep
obtained when the longer break was timed later in flight,
coinciding with the domicile night, but this finding was
not significant.

On inbound flights, crewmembers with a single break obtained
on average 40 min more sleep than crew with two scheduled rest
breaks each (2.9 h vs. 2.2 h), whereas total break duration did
not differ between crewmembers with one or two breaks.
Obtaining more in-flight sleep was shown to be protective
against higher sleepiness and fatigue at top of descent. However,
findings also showed that a longer period awake was associated
with higher fatigue ratings at top of descent. There are two issues
to consider here, optimizing the total amount of in-flight sleep as
well as minimizing the duration of wakefulness at top of descent
on these very long flights.

Even though the longer of two breaks was scheduled to align
with crewmembers’ biological night, it is unknown how much
crewmembers’ circadian phase would have shifted following two
days in a time zone 7 h ahead of domicile time. Another possible
reason why on the inbound flight, crew with two breaks obtained
less sleep than those with a single break is the way these breaks
were split, i.e,, a short (1 h-1h30) plus a longer (3 h20-4 h15)
break. By comparison, the usual in-flight rest pattern utilized on
the ULR sector by South African Airways cabin crew was either
3h-3h-2h-2h or 2h-2h-3h-3h (
obtained on average 3.6h sleep on the longer ULR flight
(outbound sector, 16.0 h flight duration), 1.2 h more than Air
New Zealand cabin crew on the ORD-AKL ULR flight (16.1h
flight duration).

). In that study, cabin crew
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Thus, optimizing the total amount of in-flight sleep, while also
minimizing the duration of wakefulness at top of descent could be
achieved by altering the duration of the two breaks for each
three
crewmembers did not attempt sleep during their first, shorter

crewmember. Furthermore, in the present study,
break, and three other crewmembers did not manage to obtain
sleep during their first, shorter break. Splitting in-flight rest more
evenly in two may reduce the likelihood of crew not attempting
or obtaining sleep during their shorter break, although this will
also be influenced by other factors, including the timing of the
break relative to the crewmember’s biological night.

Overall workload ratings were high at both top of climb and at
top of descent, and at both time points did not differ between the
outbound and inbound sector, whereas workload rated on the
NASA Task Load Index was higher on the inbound flight,
including higher mental demands, effort, and frustration. Ratings
on the frustration subscale were higher on the inbound flight and
although a negative emotional response to the work demands
(49) may affect interactions with others (64), the relationship
between momentary negative emotions and team performance,
and specifically Crew Resource Management, requires further
investigation. Overall mean TLX scores, as well as Overall
Workload ratings, were also higher among cabin crew working in
Business Premier compared to Premium Economy and Economy.
The higher workload in Business Premier is likely reflective of
the additional customer service requirements, considering that
the crew to passenger ratio in this cabin is higher.

Fatigue and sleepiness ratings at top of descent were higher on
the inbound flight than on the outbound flight, with a larger
proportion of cabin crew rating their sleepiness >7 and fatigue
>5. The significant relationship found between the amount of in-
flight sleep and top of descent sleepiness and fatigue ratings
demonstrates that obtaining more in-flight sleep is protective
against increasing sleepiness and fatigue. A shorter duration of
time awake at top of descent was also found to be protective
against increasing fatigue when controlling for overall workload.

Workload (on either measure) was also a significant predictor
of cabin crews’ sleepiness and fatigue at top of descent after taking
into account crewmembers’ prior sleep/wake history (total in-flight
sleep, total sleep in the 24 h prior, and time awake at top of
descent) and corroborates previous findings (65). Thus, workload
needs to be carefully managed by ensuring appropriate staffing
levels, and/or modifying in-flight service requirements, while
ensuring adequate time for safety-related tasks (59). Ongoing
monitoring of workload should therefore be considered, for
example by including a question on workload in fatigue reports.

Post-trip, fatigue and sleepiness ratings after landing were
highest, with 71% of crewmembers rating their sleepiness> 7,
and 85.5% rating their fatigue >5. Most cabin crew (95%) took
an afternoon nap on the day of arrival, and on average, they
slept 1.7 h longer during the first 24 h post-trip compared to
their baseline days (9.9 h compared to 8.2 h) but sleep duration
on subsequent post-trip days was not significantly different from
baseline, whereas jet lag ratings declined incrementally across
post-trip days. Jet lag ratings made after the third night post-trip
were still higher in comparison to jet lag ratings on the day of
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departure of the outbound flight, similar to findings from
previous studies with cabin crew flying long-haul trips that
). Together, these
findings are not unexpected and support the need for a

involved large time zone changes (23, 24,

minimum rest period that includes at least four local nights
following a ULR trip, to facilitate cabin crews’ recovery from the
effects of sleep restriction and circadian disruption associated
with the ULR trip. In future studies, additional measures of
cabin crews’ recovery from the effects of sleep restriction and
circadian disruption should be considered, as this may help guide
more specific recommendations.

In conclusion, the mitigations for managing cabin crew fatigue
and associated risk during this eastward outbound ULR trip
between Auckland and Chicago appear to be well utilized on
average, based on the finding that cabin crew obtain on average
more sleep prior the outbound and inbound flight compared to
their that
crewmembers had not sufficiently recovered prior to each flight.

baseline sleep. Findings also indicate some
This highlights the importance of providing cabin crew with a
protected period of time free of duty that includes a minimum of
two local nights in advance of ULR flights, as well as recurrent
that

optimizing sleep to support cabin crew in making decisions

fatigue management training includes education on
about sleep in preparation for ULR flights. Further refinement of
in-flight sleep and workload mitigations could be considered for
managing fatigue risk at top-of-descent. Findings also highlight
the importance of post-trip rest to facilitate cabin crews’ recovery
from the effects of sleep restriction and circadian disruption
associated with this ULR trip. Operationally and in future
research studies, consideration should be given to what is
scheduled prior to and after ULR trips. This study contributes to
the small body of knowledge on fatigue management for cabin
crew on ULR routes and adds important novel information that
can inform the planning of new ULR operations, although as
with all studies the generalisability of findings to operations with
different flight durations, departure times, and/or arrival times

needs to be considered.
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