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Abstract

The 24-h society provides us with unlimited access to multiple services which has
resulted in an increased demand for shift work and long work hours. These
arrangements imply activity that coincides with habitual sleep hours, consequently
leading to a degradation of sleep in our priorities. Subsequently, a link has been
established between shift work and negative outcomes regarding health, performance,
and safety. The workers in the Helicopter Emergency Medical Service (HEMS)
represent an occupational group who work both shift and long hours. In the
Norwegian Air Ambulance (NAA), the pilots and HEMS crew members (HCMs)

work seven consecutive days and are during these days operative at all hours.

This thesis aimed to examine how the shift schedule affected the pilots and HCMs
working for the NAA regarding sleep and sleepiness. In order to gain further
knowledge from outer perspectives, the third paper also included an Austrian HEMS
operator, Christophorus Flugrettungsverein (CFV), who had a similar work schedule.
To investigate this, sleep and sleepiness was registered in two three-week data
collections in the NAA. Wave 1 during the fall/winter of 2014 and Wave 2 during the
spring/summer of 2015. A corresponding three-week data collection was conducted

in the CFV during the spring/summer of 2016.

In Paper 1, we examined sleepiness among shift working pilots and HCMs in the NAA.
Sleepiness was assessed over the three consecutive weeks: the week before work, the
workweek, and the week after work. The pilots and HCMs completed wake diaries
containing Accumulated Time with Sleepiness (ATS) scale and Karolinska Sleepiness
Scale (KSS) during all three weeks. Additionally, reaction time tests were completed
during the workweek. The results revealed low sleepiness scores during all three
weeks. Measured by the ATS, the lowest sleepiness levels were found during the
workweek (compared to the week before and after work). The KSS revealed low
sleepiness levels over the course of a workweek, with slightly elevated levels on the
first workday. Over the course of a workday, the KSS scores indicated normal

fluctuation in sleepiness, drifting in a slight U-curve from 08:00 to 00:00 h with the



highest sleepiness levels reported at midnight. The reaction time tests revealed no

change throughout the workweek.

In Paper 2, the aim was to assess sleep among pilots and HCMs working for the NAA.
Sleep diary and actigraphy were used to examine sleep during the workweek in two
seasons: a season with fewer missions (Wave 1) and a season with more missions
(Wave 2). Additionally, sleep was examined over three consecutive weeks: the week
before work, the workweek, and the week after work, in both waves. A comparison
between the workweeks suggested that the workers went to bed later and spent less
time in bed during Wave 2 compared to Wave 1. The results over three consecutive
weeks indicated that the workers delayed their bedtime and wake-up time, spent more
time in bed, spent more time awake after sleep onset, and had lower sleep efficiency
(measured by actigraphy) compared to the week before and after work. Still,

subjectively reported total sleep time was over 7 h in both workweeks.

In Paper 3, the aim was to investigate the sleep and sleepiness during the workweek of
HEMS pilots of two different HEMS operators who have a similar shift schedule. Pilots
working for the Norwegian NAA and the Austrian CFV participated in the study. Sleep
diary and actigraphy was applied to assess sleep, while the KSS was used to investigate
levels of sleepiness during the workweek. The results for both pilot groups combined,
suggested that the sleep period was delayed towards the end of the workweek. When
we compared the two pilot groups, the NAA pilots had a more delayed sleep period,
spent more awake after sleep onset, spent more time in bed, slept longer, and had lower
sleep efficiency compared to the CFV pilots. For both pilot groups collapsed, the levels
of sleepiness during the workweek were overall low although we found slightly
increased scores on the first workday. The sleepiness levels over the course of a

workday (08:00-00:00 h) were normal.

In conclusion, the three papers suggest that the pilots and HCMs obtain adequate
amounts of sleep and experience low levels of sleepiness both during their weeks off
and during their workweek. Possible sleep promoting factors during the workweek

include protection from domestic and social obligations, base facilities, rest between



shift bouts, and highly selected personnel. Thus, the current shift schedules of the
included HEMS operators seem to be a good fit for this particular occupational group
regarding sleep and sleepiness. Although, the sleep was to some extent more affected
during the workweek compared to the weeks off work. Therefore, a focus on
developing a state-of-the-art Fatigue Risk Management System is essential in order to
protect the workers and their surroundings against the known detriments that follow
shift work. Further research on such occupational settings is also important to have

updated information about the status in these settings.
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Sammendrag

Det moderne 24-timers samfunnet gir oss ubegrenset tilgang pa et bredt spekter av
tjenester som har resultert i et okt behov for skiftarbeid og lang arbeidstid. En slik
maéte & organisere arbeid pa, innebarer aktivitet pa et tidspunkt hvor sevn og hvile er
naturlig, som videre har fort til en nedprioritering av segvn. Dette kan f negative
konsekvenser for skiftarbeideren, og resultat fra forskning har etablert en assosiasjon
mellom skiftarbeid og negative utfall i bade helse, prestasjon, og sikkerhet. De
ansatte i luftambulansetjenesten representerer en gruppe arbeidere som jobber skift og
har lang arbeidstid. I Norsk Luftambulanse (NLA) jobber pilot og redningsmann en
skiftordning som er organisert i syv pafelgende 24-timers vakter, hvor de er operative

degnet rundt.

I denne avhandlingen undersgkte jeg hvordan sevn og sgvnighet hos piloter og
redningsmenn ansatt i NLA ble pavirket av skiftordningen. For & laere mer om dette
fra andre perspektiv, inkluderte vi i tredje artikkel HEMS piloter ansatt i Osterrikske
Christophorus Flugrettungsverein (CFV), som har en lignende syvdagers
skiftordning. Data pa sevn og sevnighet ble samlet inn i to 3-ukers perioder i NLA:
hest/vinter 1 2014 (Wave 1) og var/sommer 2015 (Wave 2). En tilsvarende 3-ukers

datainnsamling ble gjennomfoert i CFV i lepet av var/sommer 2016.

I forste artikkel ensket vi & undersgke sgvnighet blant skiftarbeidende piloter og
redningsmenn i NLA. Sgvnighet ble registrert over tre pafelgende uker: uken for
vakt, vaktuken, og uken etter vakt. De ansatte fylte ut vdkenhetsdagbeoker bestaende
av Accumulated Time with Sleepiness (ATS) og Karolinska Sleepiness Scale (KSS) i
alle tre ukene. De utferte i tillegg reaksjonstidtester i vaktuken. Resultatene viste lave
niva av sevnighet gjennom alle de tre ukene. Méalt med ATS fant de laveste
sevnighetsskarene under vaktuken sammenlignet med ukene for og etter vakt.
Resultatene fra KSS indikerte lave sgvnighetsskarer gjennom hele vaktuken, men
med litt hoyere skarer pa forste vaktdag sammenlignet med de resterende vaktdagene.

I lopet av en vaktdag viste KSS-skdrene normale sgvnighetsniva som fulgte en svak
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U-kurve fra kl 08:00 til 00:00, hvor de hoyeste skérene ble rapportert ved midnatt.

Reaksjonstidtestene viste ingen endring i lepet av vaktuken.

I andre artikkel ensket vi & underseke sevn blant piloter og redningsmenn ansatt i
NLA. Sevndagbok og aktigrafi ble benyttet for a registrere sgvn gjennom vaktuken i
to sesonger: en sesong med faerre oppdrag (Wave 1) og en sesong med flere oppdrag
(Wave 2). Sgvn ble ogsa registrert over tre pafelgende uker (uken for vakt, vaktuken,
uken etter vakt) i begge sesonger. En sammenligning mellom vaktukene antydet at de
ansatte la seg senere og tilbrakte mindre tid i sengen i Wave 2 sammenlignet med
Wave 1. Over tre pafelgende uker viste resultatene at de ansatte forskjev leggetid og
sta-opp tid, tilbrakte mer tid i sengen, mer tid véken etter innsovning, og hadde lavere
sevneffektivitet (malt med aktigrafi) i vaktuken sammenlignet med ukene for og etter
vakt. Til tross for dette var likevel den subjektivt rapporterte sevnlengden over 7

timer i begge vaktukene.

I tredje artikkel undersekte vi sgvn og sevnighet i lopet av en vaktuke hos
luftambulansepiloter i to forskjellige luftambulanseoperaterer, som begge hadde
lignende skiftordning. Piloter ansatt i Norske NLA og Osterrikske CFV deltok i
studien. Sevndagbeker og aktigrafi ble benyttet for & registrere sgvn, mens KSS ble
brukt for & undersgke sevnighetsnivéene i lapet av vaktuken. Resultatene for
pilotgruppene sammenslétt antydet at sgvnperioden ble forskjevet mot slutten av
vaktuken. En sammenligning av de to pilotgruppene avslerte at NLA pilotene hadde
en mer forskjovet sevnperiode, tilbrakte mer tid i sengen, mer tid véken etter
innsovning, sov lenger, men hadde ogsa lavere sgvneffektivitet enn CFV pilotene.
Sevnighetsskarene var totalt sett lave, med en svakt hoyere skare pé forste vaktdag
sammenlignet med de resterende vaktdagene, for begge pilotgruppene sammenslatt.
lopet av en vaktdag (kI 08:00-00:00) viste sgvnighetsskarene normale bevegelser og

lave sgvnighetsnivéer.

Oppsummert viser resultatene fra de tre artiklene at pilotene og redningsmennene far
tilstrekkelige mengder sevn og opplever lav grad av sevnighet bade i friperiodene,

men ogsa i lapet av vaktuken. Mulige beskyttende faktorer for sevn i vaktuken er
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blant annet fri fra familizre og hjemlige forpliktelser, basefasiliteter, tilstrekkelig
lang friperiode mellom vaktukene, og haye seleksjonskrav til de ansatte. Funnene kan
tyde pé at skiftordningen fungerer bra for denne spesifikke yrkesgruppen, med tanke
pé sevn og sevnighet. Til tross for dette s& vi ogs at sgvnen til en viss grad ble mer
pavirket under vaktuken sammenlignet med ukene av vakt. Det er derfor viktig & sette
sekelys pa videreutvikling og kontinuerlig oppdatering av Fatigue Risk Management
Systemer for & kunne beskytte de ansatte og deres omgivelser mot de velkjente
negative konsekvensene som folger skiftarbeid. Videre forskning pa slike
yrkesgrupper er ogsa viktig for & ha oppdatert informasjon om status i slike

samfunnsviktige yrkessettinger.
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1. Introduction

Humans are diurnal animals with an innate tendency to be active during the day and
rest during the night. With the industrialization and the introduction of electric light,
an increase in 24-h services has taken place. These services are being provided by
humans, called shift workers, who are forced to rearrange their activity/rest pattern
and alter their sleep period. This way of working and living misaligned with their
innate/endogenous circadian rhythms are known to impair sleep and may further
negatively affect health and performance. For this reason, studies on shift work are
important in order to extend our knowledge about the effects of different shift
compositions and schedules on sleep, as well as how these may play out across the

spectra of inter-individual differences.

One of the aforementioned services is healthcare, including the Helicopter
Emergency Medical Service (HEMS). This occupational group provides medical
assistance around the clock, and thus work outside the normal 8-h day. The inherent
nature of the work tasks places the workers in a high-risk occupation, potentially
facing complex missions in challenging terrain, sometimes with scarce knowledge
about what they are approaching [1]. There are limited studies directed specifically at
the workers in the HEMS and their shift schedules. Therefore, this thesis examined
sleep and sleepiness among pilots and Helicopter Emergency Medical Service crew
members (HCMs) working for the Norwegian Air Ambulance (NAA). For the third
paper, the Austrian HEMS operator Christophorus Flugrettungsverein (CFV) who
have a similar shift schedule were studied together with the NAA.

1.1 Shift work

Shift work is essential in order to maintain a 24-h coverage of healthcare, production,
and transport services critical to public safety. It can be defined as work that takes
place between 19:00 and 06:00 h [2], thus involving work at irregular and unusual
hours (i.e., night shifts) compared to the normal daytime work arrangement [3]. In

2015, 21% of all employees in the EU participated in shift work —a 17% increase in
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five years [4]. In Norway, 33% of the workforce worked outside ordinary hours in

2020 [5].

Shift work entails irregular and non-traditional sleep/wake schedules, usually
misaligned with the diurnal rhythm. In an effort to protect the employees’ health and
safety as well as the safety of operations, working time has been regulated. The
European Working Time Directive and The Working Environment Act in Norway
represent legislative structures intended for such regulations. They determine the
limits for workhours per week, day and night, as well as minimum periods of rest [6,
71. However, the structure and organization of shift schedules vary widely as
operational requirements of industries and occupations differ from each other. Thus,
certain exceptions are negotiated between employers and unions for occupations that

need to operate outside the normal daytime workhours.

There are numerous ways to organize shift work schedules, and these can differ
according to several dimensions. An overview loosely based on the domains outlined

by Steven and colleagues [8] is presented below.

i.  Type of shifts: start and end time of shift (i.e., early morning, evening or
night), on-call or present, on-site or off-site.
ii.  Night work: shift work schedules with or without night work
iii.  Combination of shifts: two shift system (morning and evening) or three shift
system (morning, evening, and night)
iv.  Length of shift: 8 h, 12 h, 24 h
v.  Regularity: permanent or rotating shifts
vi.  Direction of rotation: clockwise or counterclockwise
vii.  Speed of rotation: daily or weekly changes in type of shift
viii.  Rest periods: length and placement (i.e., <11 h between shifts are called quick
returns)
ix.  Duration: years of exposure to shift work

x. Intensity: amount of shift work per month and year
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Night work entails work during hours that coincide with the workers’ normal sleep
period and may be regarded as one of the most demanding dimensions of shift work.
It is also common in the health care sector, including the HEMS. No strict definition
of night work exists but there are numerous suggested descriptions: work for 3 h or
more between 00:00 and 06:00 h [9], shift start between 18:00 and 04:00 h [10], or
work that takes place between 21:00 and 06:00 h [7]. Approximately 19% of the
European work force report engaging in night work at least once a month [4],

whereas 15% of the Norwegian work force work sometimes or regularly at night [5].

Two other dimensions of shift work that are common in the health care sector are
long work hours and on-call shifts. Long work hours are defined as shifts exceeding
10 h, while on-call shifts include a scheduling approach that provides full coverage
during off-peak hours when normal staff resources are absent. During on-call work,
the employee may either be on-site or remain off-site, depending on occupation and
arrangement [11]. Contrary to other shift work arrangements, on-call work generally
allow for sleep opportunities between calls. The work setting of the pilots and HCMs
in the NAA is comprised by night work, long work hours (24-h shifts over seven
consecutive days) and on-call work, as they live on the base during the workweek and

take on missions at all hours in an on-call, on-site manner.

1.2 Sleep and circadian rhythm

Extensive research has been conducted on a quest to increase our knowledge about
sleep and its functions. Although the elemental functions remain largely

undiscovered, we have gained insight into several aspects of sleep.

1.2.1 Sleep

A behavioural description of sleep characterizes it as a reversible, passive state of
periodic rest which entails reduced motor activity and reactivity to external stimuli
[12]. However, sleep is also defined based on physiological parameters that track
patterns of electrical activity in the brain. All species seem to engage in some form of

sleep or inactivity. From an evolutionary perspective, it could seem maladaptive as it
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is a vulnerable state that inhibits reproduction and food preservation. Still, it has been
worth dedicating one-third of human lifespan to sleep [13]. It is paradoxical that the
answer to the fundamental question “why?” remains unresolved. Over the years,
theories have emerged in an effort to answer this question, including theories on
synaptic plasticity and memory consolidation [14], emotional regulation [15],
metabolic functions [16], and removal of neurotoxins [17]. The adaptive features
have also been advocated, including reduced energy usage and timing behaviour
aligned with the light/dark cycle [12]. Nevertheless, sleep has for decades been
perceived merely as cessation of activity. Thus, along with the introduction of electric
light in the late 1800s which expanded our days, this may explain our progressive

detachment from sleep as a basic human need that follows a circadian rhythm.

1.2.2 Circadian rhythm

Closely related to sleep is the circadian rhythm (in Latin circa diem = about a day).
Our circadian rhythms reflect endogenous oscillations with a period lasting
approximately 24 h as defined by the earth’s rotation. These rhythms are governed by
the suprachiasmatic nuclei (SCN), the circadian pacemaker located in the
hypothalamus, but exists on a cellular-molecular basis throughout the brain and body
[18]. Humans are diurnal, meaning we are inherently active during the day and
inactive during the night. Various physiological functions follow this rest/activity
pattern, such as the core body temperature which peaks in the evening and reaches its
nadir during the early morning hours [19]. Although there are large individual
differences, the period of the innate rhythm normally exceeds 24 h (24.18 h) [20]. For
this reason, entrainment by external cues is essential in order to readjust our internal
clock to the light/dark cycle. Such corrections are made by “zeitgebers” or time

givers including light, temperature, food, and social factors.

The circadian rhythms regulate numerous behavioural, physiological, and
biochemical functions, where the sleep/wake rhythm is the most prominent. For the
sleep/wake cycle, light is the most important time giver. Via photoreceptors and
neural pathways, the SCN is entrained by environmental cycles of light and dark

which further regulate melatonin release in the pineal gland. Melatonin is a circadian
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hormone that increases in the evening, peaks around 02:00 to 04:00 h, and then
descends to baseline in the late morning hours. However, the release of melatonin is
inhibited by exposure to blue light [21, 22]. The role of melatonin in sleep is not fully
elucidated, yet their temporal relationship is evident, and melatonin is known to
enhance sleep propensity [23, 24]. Thus, the circadian rhythm is susceptible to
alterations by exposure to light, i.e., relocation to different time zones or work during
a window of circadian low. Such alterations lead to circadian misalignment and affect
sleep negatively. However, there are interindividual differences concerning circadian
rhythmicity, where chronotypes are one way to differentiate. Chronotypes refer to
morning/eveningness, a tendency towards being an early “lark™ or a late “owl”,
usually indicated by preferred sleep timing. A typical lark tends to wake up early in
the morning and go to bed early in the evening, while the typical owl stays up until
late in the evening/night and tends to wake up later in the morning/day. Some
individuals also have a circadian profile that include a post-lunch dip in alertness and

core body temperature [25].

1.2.3 Sleep architecture

Although a sleeping person appears unresponsive and inactive, the brain is still very
much in an active state. Sleep at an electrophysiological level is defined by
polysomnography (PSG) consisting of at least three basic measures:
electroencephalogram (EEG), electromyogram (EMGQG), and electrooculogram (EOG).
The EEG measures brain waves, the EMG measures limb movement, while the EOG
measures eye movement. Based on the PSG, sleep is divided into two main sleep
states: rapid eye movement (REM) sleep and non-rapid eye movement (NREM)
sleep. Based on the manual published by the American Academy of Sleep Medicine
in 2007, NREM is further subdivided into N1, N2, and N3, paralleling a sleep dept
continuum [26]. N1 represents transition from wake to sleep, consisting of alpha and
theta waves. N2 represents light sleep dominated by theta waves and includes
characteristic waveforms such as sleep spindles that reduce reactivity to external
stimuli and K-complexes, involved in memory consolidation. N3, also called deep
sleep, primarily consists of slow wave activity (delta waves). During the REM stage,

the brain reaches its highest activity level of the sleep period — on the EEG it
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resembles a wake brain (beta and alpha waves). It is characterized by dreams, muscle
atonia, and periodically bursts of rapid eye movement. The majority of deep sleep
(N3) is obtained in the first third of the sleep period, whereas REM sleep dominates
the last third of the sleep period. A healthy adult enters the sleep through NREM with
N1 and progresses to the deeper sleep stages N2 and N3, before reactivating the brain
by REM sleep transition. Throughout the night, NREM and REM continues to
alternate in 90-110 min cycles [27, 28]. Hypnograms are visual representations of

sleep cycles throughout a night of sleep (Figure 1).
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Figure 1. An illustration of a hypnogram showing normal distribution of different sleep
stages throughout the night.

1.2.4 Sleep regulation

The two-process model of sleep conceptualizes sleep regulation based on the
interplay of two processes: Process S and Process C (Figure 2) [29, 30]. Process S
represents the homeostatic factor, a proxy for accumulated sleep pressure that
increase during wakefulness and activity. Process C represents the circadian factor,
the self-sustained and relatively constant oscillations that comprise our circadian
rhythms. In humans, the circadian factor facilitates activity during the day and
inactivity during the night. The interaction between the two processes determines

both sleep structure and sleep duration. The sleep structure is primarily dependent on
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accumulated sleep pressure (Process S), where high sleep pressure is associated with
deeper sleep. Sleep duration is closely related to the sleep onset relative to the
circadian curve (Process C). If the accumulated sleep pressure (Process S) aligns with
a window of inactivity and sleep created by the circadian rhythm (Process C), sleep-
propensity is high and both sleep structure and duration will likely be optimal (see
Figure 2). Body temperature and sleep are closely connected as nocturnal sleep
usually is initiated concurrent with a descending core body temperature, despite
absence of time givers. Consequently, sleep propensity reaches its zenith when the
body temperature reaches its nadir. Misalignment between the two processes may
curtail sleep and will likely lead to reduced amounts of deep sleep [30]. This explains
why shift workers may have trouble staying asleep when sleep is initiated at 10:00 h
after a night shift. Because, although their sleep pressure is high, the sleep period
coincides with an ascending circadian alerting signal. Folkard and Akerstedt [31]
proposed an additional process W (the waking-up effect), accounting for the drop in

alertness that follows the sleep to wake transition, including sleep inertia.

Wake Sleep
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Time of day

Figure 2. An illustration of the two-process model of sleep regulation. Process S
illustrates built-up sleep pressure and Process C represents regular oscillations
comprised by the circadian rhythm [29,30].

Sleep changes throughout life, both in duration and architecture [28, 32]. The average
adult obtains 6-8 h per night [33]. Knowledge about the consequences of curtailed
sleep formed the basis for adult sleep length recommendations of 7-9 h every night

[34]. However, there seem to exist interindividual differences in sleep need (i.e.,
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long- and short-sleepers) [35]. Furthermore, sleep is subjected to external
disturbances illustrated by studies revealing curtailed sleep on workdays and
oversleeping on non-workdays [28, 36]. Shift work, especially night work, represents
a setting where the occupational demands coincide with the optimal window of sleep

[37].

1.2.5 Sleep measurements

PSG is regarded as the gold standard of objective examination of sleep. However,
PSG administration is quite demanding, costly, and the recording process may cause
sleep disturbances [38]. For these reasons, it has in numerous areas been replaced by
more flexible and cost-effective sleep tracking tools such as actigraphy, sleep diary,
and tools based on radar technology (i.e., Somnofy). The actigraph is usually worn as
a wristwatch and estimates sleep/wake patterns based on activity/inactivity measured
by limb movement [38], while the sleep diary is an acknowledged subjective sleep
assessment tool [39]. New technology such as sleep radars capture body movement
based on the doppler principle and can additionally measure sleep architecture. With
the sleep radars, sleep is scored with a separate algorithm which is validated against
both PSG and actigraphy [40]. These tools provide data on sleep quality (i.e., sleep
diary) and quantity and allow for sleep assessment in natural surroundings over an
extended period, while being both less invasive and less expensive than PSG.
Although the actigraphy and sleep diary do not enable reliable sleep staging, they

provide useful parameters such as sleep timing, duration, and efficiency [38, 39].

1.3 Sleepiness

The adequacy of night-time sleep is only fully elucidated by complementary
assessments of daytime sleepiness. Sleepiness is a multidimensional phenomenon that
includes normal states as well as pathological symptoms. An acknowledged
classification of sleepiness includes three main dimensions: physiological,

introspective, and manifest [41, 42].
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Physiological sleepiness or sleep propensity refers to the tendency to fall asleep,
elicited by sleep restriction or deprivation [43, 44]. The first instrument that allowed
for an objective assessment of sleepiness was the Multiple Sleep Latency Test [45,
46]. Since then, subjective measures such as the Epworth Sleepiness Scale (ESS) [47]
have emerged to simplify examination of sleep propensity. Large intraindividual
reliability over time in terms of sleep propensity have been found, indicating that
individual variation on baseline levels operate independently of prior sleep time, and
thus can be considered as a trait [48, 49]. Therefore, the ESS can be considered a

subjective measure of trait sleepiness.

Introspective or subjective sleepiness refers to a perceived state of drowsiness that is
sensitive to abrupt sleep-related changes, and correlates with decreased sleep
duration, cognitive performance, and mood [50, 51]. One commonly applied
assessment tool is the Karolinska Sleepiness Scale (KSS) [52], which allow for
measurements of fluctuations in sleepiness in response to environmental factors (i.e.,
state sleepiness) [41]. The construct, assessed with the KSS, is validated against
performance and physiological measures, as well as demonstrated to follow a diurnal
pattern [53, 54]. The highest levels of sleepiness generally occur in the habitual night,
when the core body temperature reaches its nadir, usually at 04:00-05:00 h [46].

The final dimension, manifest sleepiness, refers to the degree of sleepiness expressed
behaviourally in interaction with environmental demands, such as increased reaction

time [55, 56].

The quality and quantity of nocturnal sleep represent major determinants of daytime
sleepiness, where fragmented and reduced sleep produce daytime sleepiness [57],
which is prevalent in the general population. A study representative of the Norwegian
population found a mean ESS score of 7, whereas the corresponding score among
Norwegian shift working nurses was 8.1 [43, 58]. On this scale, a score of 10 or
higher indicate excessive daytime sleepiness [47]. Misalignment between the
sleep/wake period and the circadian rthythm, often experienced by shift workers (i.e.,

night shift) and travellers on long-haul flights (i.e., transcontinental), is associated
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with higher levels of sleepiness during waking hours. The consequence of these
elevated sleepiness levels can be profound as they are associated with reduced
performance and increased risk of accidents [59, 60]. Thus, sleepiness, the excessive
and persistent kind, signals the individual to stop operating due to danger and life-
threatening potential by continuing without sleep. Still, many persist to ignore these

signals, both knowingly and unknowingly.

1.3.1 Fatigue

The similarities between sleepiness and fatigue contribute to an interchangeable use
of the terms, sometimes even by professionals. Fatigue represents a multifactorial
construct embodying distinctions between acute versus chronic fatigue, muscular
versus mental fatigue, in addition to the debatable distinction between fatigue and
sleepiness [61]. Acute fatigue is regarded as a normal response to insufficient
recovery or demanding periods in life (i.e., temporary illness, emotional stress, or
mental/bodily exertion), while chronic fatigue often is caused by illness or treatments.
Acute fatigue ceases by sufficient rest, sleep, diet, and exercise, whereas chronic
fatigue does not reside following the same countermeasures. Muscular fatigue refers
to reduced muscle force caused by activity or exercise, while mental fatigue
represents a psychological state caused by extended periods of cognitive strain. The
latter is characterized by a body of symptoms such as subjective tiredness, decreased
performance, impaired alertness, and worsened mood [61, 62]. It is challenging to
remain consistent when faced with inconsistent use of the terms (mental) fatigue and
sleepiness in aviation, when there are other terms for corresponding concepts in the
fields of shift work and sleep. For instance, several studies from aviation discuss
results of fatigue that have been measured by sleepiness scales [63]. Clarification and
knowledge about the different subtypes are therefore important in operational settings
to ensure that the workers have a concise conceptual understanding when they apply
the terms to themselves. Further, research fields should also strive for concise use of
concepts and terms — especially constructs that have been used interchangeably.
Additionally, a straight line between terminology and instrument is essential to ensure

good validity.
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1.4 Sleep, sleepiness, and performance

The ability to perform is also greatly affected by curtailed sleep. Studies indicate that
neurobehavioral dysfunction is positively associated with hours of wakefulness [64,
65], for example resulting in longer response time [66]. An American study found
that 6 h of nocturnal sleep over 14 consecutive days resulted in cognitive
performance equivalent to 24 h of total sleep deprivation. Furthermore, restricting
sleep per night to only 4 h over 14 days resulted in performance levels corresponding
to 48 h of total sleep deprivation. This indicates that even moderate sleep deprivation
sustained over several days impair neurobehavioral functions. Interestingly, there was
a substantial discrepancy between the sleepiness level indicated by the
neurobehavioral performance and subjectively assessed sleepiness, where the
participants evaluated their sleepiness to be less than the levels evident on the
cognitive tests [51]. Thus, reaction time tests or vigilance tasks, such as Psychomotor
Vigilance Task [67], have been applied to measure cognitive performance as an

objective proxy for sleepiness.

1.5 Shift work and health

Shift work represents a well-known risk factor for deteriorated health as it interferes
with several aspects of the workers life; it affects basic physiological function due to
alterations of the innate sleep/wake cycle causing disturbance of the
psychophysiological processes; performance and work efficiency as it follows
oscillations over a 24-h span influencing the risk of accidents and errors; and health
due to deteriorated psychophysiological processes. Numerous negative health effects
of shift work, especially night work, has been documented. Deteriorated
psychophysiological conditions may in short-term manifest itself as sleep
disturbances, anxiety, depression, digestive problems, and performance deterioration.
The long-term effects of shift work include increased risk of cancer, obesity,
cardiovascular disease, reproductive dysfunction, gastrointestinal disorders, and
diabetes [37, 68]. Several models illustrating the relationship between shift work,

sleep and circadian rhythms, and short- and long-term effects exist [69, 70]. One
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model by Kecklund and Axelsson [69] can be applied to the traditional shift work
force, while Merkus and colleagues [70] created a similar model that included
additional factors such as time-of-day, working time duration, and recovery period.
The latter model may be even more relevant as an explanatory model for the effects

of shift work with both night work and long work hours (i.e., the HEMS workers).

1.5.1 Shift work, sleep, and sleepiness

The most reported and persistent health complaints reported by shift workers are
sleep problems such as disturbed sleep, sleep loss, and excessive sleepiness [71]. The
prevalence of shift workers who experience excessive sleepiness and insomnia range
from 26 to 30% and 47 to 55%, respectively [72]. Shift workers’ weekly sleep is
approximately 10 h less than daytime workers and unintended sleep have been found
to occur several times per month for 7% of workers on the night shift [71]. For a
subset of shift workers, the schedule affects the sleep to such an extent that it
develops into a disorder. If the above-mentioned symptoms are present over time and
cannot be explained by other factors beside the shift schedule (i.e., other disorders,
substance use, sleep hygiene), the shift worker may have developed chronic “shift
work disorder” [73]. In a meta-analysis, the prevalence is estimated to 26.5% among
shift workers, although there exist large differences between various shift work
populations and shift schedules [74]. A study on oil rig workers who share some
similarities to the HEMS workers, found the prevalence of shift work disorder to be

23.3% [75].

Night shift imply that the main sleep period falls on the biologic day, complicating
sleep continuity. The sleep becomes more fragmented where the sleep stages N2 and
REM are particularly affected, and the total sleep is reduced by 2-4 h. Further, early
morning shifts (starting 06:00 h or earlier) have similar consequences with reduced
sleep duration due to advanced waking and therefore particularly curtailing the REM
sleep. These shifts have also been associated with reduced slow wave sleep due to
anticipation of awakening difficulty, as well as increased sleepiness during the shift

and throughout the remaining day [71, 76, 77]. The least sleep disturbances have been
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found for evening shifts, provided that shift-end time or commute do not delay the

rest period [78].

The findings from a review suggested that long work hours are associated with sleep
disturbances and reduced sleep time [79]. Kecklund, Sallinen, and Axelsson [11]
found that shifts lasting 12 h or longer reduced the opportunity to obtain enough sleep
between the shifts. On-call shifts are associated with disturbed sleep such as longer
sleep onset latency, curtailed sleep, more fragmented sleep, and less deep sleep [80,
81]. Sleep duration recorded by actigraphy among on-call medical workers indicated
a range in total sleep time from 2.8 to 4.8 h [82, 83]. Further, it has been suggested
that the effects on sleep are linked to anticipation of a call and apprehension about

missing a call [84].

However, shift workers differ to what extent they experience the aforementioned
health issues or sleep problems, where some seem to tolerate the shift work setting
better than others. Shift work tolerance is the ability to adjust to shift work without
experiencing the detrimental consequences [85]. For instance, shift workers differ in
their ability to sleep during the day, the extent of performance impairment due to
sleep loss, and the degree of sleepiness during night shifts. Possible explanations for
these differences include chronotype (i.e., morningness/eveningness), personality,
gender, age, and genetics [85, 86]. Other person-level factors may also be involved
such as sleep disorders, medication use, shift work history, and domestic
responsibility [87]. However, the complete mechanisms behind these variations are

complex and not fully uncovered [88].

1.6 Shift work, performance and safety

An incontrovertible link is established between shift work and reduced performance.
The irregular sleep/wake cycle can impair alertness and performance substantially,
affecting cognitive skills such as reaction time, communication, memory, and
decision making [89]. The quality of performance parallels the circadian oscillations

in body temperature, especially affecting shifts that coincide with the descending



34

bodily temperature and concurrent optimal window of rest (i.e., night or early
morning shifts) [37, 90]. Other shift work characteristics that are particularly related
to decreased performance include long working hours and extended workweeks [91,

92].

Several review studies have examined the relationship between shift work and
accidents [93, 94]. Folkard and Tucker [94] found that the risk of incidents (i.e.,
accidents and injuries) depended on type of shift, number of successive shifts, and
hours on duty. The relative risk was found to be higher on the afternoon shift, but
highest for the night shift, compared to the morning shifts. Corroborating results have
indicated that night work was linked to increased accidental injuries [95]. For number
of successive shifts, the risk rose gradually for each successive shift, accumulating in
36% higher risk on the fourth, compared to the first, night shift. Although smaller, the
risk of incidents was also evident for successive morning/day shifts. Further, there
was a gradual increased risk associated with hours on duty [94]. Results also
suggested that extended workweeks (>55 h) were associated increased risk of
incidents [93], while long shifts (>12 h) were associated with twice the risk
associated with 8-h shifts. For the latter, the increased risk further accumulated over
time [92, 96]. Increased numbers of quick returns have also been associated with
increased risk of occupational accidents [97]. Moreover, an association exists
between shift work injuries after workhours, i.e., traffic accidents, especially during

the night and early morning hours [60, 98].

1.7 Air Ambulance Service

In the case of an emergency medical situation, time to treatment is crucial. Some
treatments may be provided by paramedics and physicians on-scene, whereas some
require multi-professional teams only available at hospitals. Consequently, the
demand for an ambulatory prehospital system is present for two main purposes: (1)
transport of physician to perform on-scene treatment, and/or (2) transport of patient to
hospital. The air ambulance service can be subdivided into two types of ambulances:

fixed-wing (i.e., planes) and rotor-wing (i.e., helicopter, HEMS). The planes are
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primarily used for long-distance patient transport, while helicopters may reach
patients living in remote and geographically challenging places, and enable

operations in almost any terrain [99, 100].

Historically, the use of helicopter as a lifesaving means of transport was first seen
during the Korea war in the 1950s, further developed and successfully implemented
during the Vietnam war in the 1960s. By enabling transport of wounded soldiers from
war sites to medical facilities, the use of aeromedical evacuations contributed to the

best survival rates of any war to that date [99, 101].

In Norway, the physician Jens Moe was a central force behind the development of the
air ambulance service, driven by the drowning of a young boy named Bard Ostgaard.
In 1977, Moe founded the NAA and the Bard Ostgaard Foundation, the latter was
renamed The Norwegian Air Ambulance Foundation in 1980. The aim was to
develop prehospital emergency medicine. Inspired by the German and Swiss
prehospital emergency services, the Norwegian model included a small helicopter
manned with a pilot, an HCM, and a physician, who all were on duty to ensure short

response time [100].

Today, the workers at the NAA still ensure short response time by living together at a
base, responding to missions around the clock and working long hours across the
workweek. While other HEMS operators in Europe are organized in shifts lasting 12
h, 24 h, or 48 h, the NAA are one of few that have seven consecutive days shifts [102,
103]. Apart from the shift schedule, there are other differences among the HEMS
operators; some commute daily to the helicopter base while others live on the base;
and some operate at all hours while others only initiate missions during daylight. The
Austrian HEMS operator Christophorus Flugrettungsverein (CFV) have a similar
shift schedule as the NAA, but only initiate missions during daylight [104].
Consequently, compared to other HEMS operators, the NAA seem to have one of the
more intensive work arrangements as they work for seven consecutive days and

during these days take on missions at all hours.
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1.7.1 Sleep and sleepiness in the HEMS

Although scarce and ambiguous, some sleep and sleepiness studies have been
conducted on HEMS workers. During 24-h duties, American HCMs obtained on
average 5.3 h of sleep in the night portion of their shift, ranging from 2-9 h. The
lowest on-duty sleep reported by the workers the past month was approximately 2 h,
whereas 3.8% reported no sleep prior to their 24-h shift the past month [105].
Nevertheless, these results could be subjected to recall bias as the respondents
retrospectively reported their sleep from one month back. Dutch HEMS pilots
working three consecutive 13-h shifts slept on average 5.9 h. Higher workload was
related to impaired sleep quality, whereas distressing shifts were associated with
increased sleep latency onset. The latter was mediated by perseverative cognition
[102]. A study found no significant difference in skill performance between 12-h and
24-h shifts. The 24-h shift was expected to have decreased performance due to

increased sleepiness levels [106].

1.7.2 Fatigue Risk Management System

Fatigue Risk Management System (FRMYS) is a part of occupational sleep medicine
developed to consider the interplay between physiology and performance (i.e.,
circadian thythm and sleep drive). FRMS has been defined as a scientific, data-driven
process that use systematic methods to gather information in order to monitor and
manage risks associated with fatigue-related errors [107]. Closely related are safety
regulations that have been created to attenuate the risk of sleepiness and fatigue in
safety-sensitive industries. For example, prescriptive hours-of-service regulation have
been implemented, imposing a priori boundaries intended to reduce risk by specifying
shift duration and between-shift intervals [108]. In HEMS, such regulations include
flight and duty time limitations, specifying hours of flight time and active duty time

at different intervals (i.e., 24 h, 48 h, 72 h) [109].
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2. Rationale and research aims

Several studies have documented the relationship between shift work and its negative
effects on sleep and sleepiness. The HEMS crews work seven consecutive days in
which they take on missions at all hours. However, the research conducted on shift
working HEMS crews is scarce and knowledge about the effects on sleep and
sleepiness in this group is limited. Consequently, given this occupations’ inherent
safety-sensitive nature, studies addressing these gaps of knowledge are essential.
Additionally, the NAA established a FRMS in 2014 for which the generated data

served as necessary baseline information.

2.1 Overall aim of the thesis

The overall aim of the thesis was to provide more knowledge about the effects of
shift work and long work hours on sleep and sleepiness among personnel working in

the HEMS.

2.1.1 Aim of Paper 1

The main aim of Paper 1 was to examine sleepiness (measured both subjectively and
objectively) among shift working pilots and HCMs over three consecutive weeks: the
week before work, the workweek, and the week after work. Specifically, we
hypothesized that sleepiness would be higher during the workweek, compared to the
week before and after work. Furthermore, we hypothesized that sleepiness would
increase during the workweek and towards the end of the workday. Finally, we
expected number of missions and duration of missions to be positively associated

with sleepiness scores.

2.1.2 Aim of Paper 2

The main aim of Paper 2 was to examine how shift working pilots and HCMs slept
(measured both subjectively and objectively) during their workweek, and whether
this varied between a season with fewer missions (Wave 1) and a busier season with
more missions (Wave 2). We also examined the workers’ sleep over three

consecutive weeks: the week before work, the workweek, the week after work, in
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both seasons separately. Furthermore, whether number of missions and duration of

missions affected the sleep variables was also examined.

2.1.3 Aim of Paper 3

The main aim of Paper 3 was to examine sleep (measured both subjectively and
objectively) and sleepiness in shift working HEMS pilots in two European countries
working a similar shift schedule. Changes in sleep and sleepiness over time during
the workweek and differences in sleep and sleepiness between the countries were
examined. Furthermore, number of missions and duration of missions were examined

in relation to the sleep and sleepiness variables of the two pilot groups.

The NAA and CFV are, to the project groups’ knowledge, two of the few HEMS
operators in Europe with a seven consecutive days shift schedule. As there were
certain differences in the two operators’ work characteristics, independent of the shift
schedules, an examination of both increases our knowledge about the interplay
between the work setting and sleep. For this reason, the two HEMS operators were

examined in Paper 3.
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3. Methods

3.1 Procedure

The data collection was conducted on pilots and HCMs working for the Norwegian
Air Ambulance (NAA) in Norway and pilots working for the Christophorus
Flugrettungsverein (CFV) in Austria. Paper 1 and Paper 2 were conducted on the
pilots and HCMs working for the NAA. Paper 3 was conducted on the pilots working
for the NAA and CFV.

The data was collected from the NAA during the fall and winter of 2014 (Wave 1)
and spring and summer of 2015 (Wave 2). From the CFV, data was collected during
the spring and summer of 2016. All three data collection periods lasted for three

consecutive weeks: the week before work, the workweek, and the week after work.

The shift schedule in the NAA consists of a 7-d workweek followed by a 14-d off
work period, then a new 7-d workweek followed by a 21-d off work period. The
workweek started and ended at 10:00 h on the first and seventh duty day,
respectively. During the workweek, the workers at the NAA initiated missions at all
hours throughout the year. The crew (pilot, HCM and anaesthesiologist) lived
together on the base during the workweek, which was equipped with all essential

facilities, including single bedrooms with enclosed bathrooms.

In the CFV, the shift schedule consists of a 7-d workweek followed by a 7-d off work
period, then a new 7-d workweek followed by a 7-d off work period. The workweek
started and ended at sunrise (06:00 h earliest) and sunset (21:00 h latest) on the first
and seventh day, respectively. During the workweek, the CFV workers only
performed missions that were initiated at daylight. The CFV crew lived together on
the base during the workweek, however, those who lived less than 30 min from the

base could spend the nights at home.
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While on duty, the crews operated according to flight and duty time limitations
approved by the Norwegian Civil Aviation Authority for the NAA and the Austrian
National Aviation Authority (Austro Control) for the CFV.

3.2 Participants

3.2.1 Study 1

In 2014/2015 the NAA operated on 9 bases in Norway. All pilots and HCMs (N = 70)
working at the NAA bases were invited to participate. In all, 61 (87%) took part in
Wave 1. Due to changes in work tasks that were inconsistent with the remaining
sample, two were not invited to participate in Wave 2. Thus, 59 workers (29 pilots
and 30 HCMs) were invited to take part in Wave 2. In all, 25 pilots and 25 HCMs

participated, yielding a response rate of 85%.

3.2.2 Study 2

In Austria, the study was conducted during the spring/summer of 2016. Based on a
representative sample comprised of urban and rural bases, 24 CFV pilots were invited
to participate in the study. In total, 22 (92%) of the invited CFV pilots took part in the

data collection.

3.2.3 Samples and procedures of Paper 1
Paper 1 was based on three-week data from Study 1, Wave 2. In total, the sample
consisted of 25 pilots and 25 HCMs working for the NAA.

3.2.4 Samples and procedures of Paper 2
Paper 2 was based on three-week data from both waves in Study 1, including pilots
and HCMs working for the NAA. The sample consisted of 25 pilots and 25 HCMs

who participated in both waves.

3.2.5 Samples and procedures of Paper 3
Paper 3 was based on data from Study 1 and Study 2. From Study 1, the data derived
from Wave 2 where only the pilots were included. Data derived from the workweek,

and the sample consisted of 25 NAA pilots and 22 CFV pilots.
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3.3 Instruments

3.3.1 Subjective instruments

Questionnaire

A questionnaire covering demographic and background information was completed
on the first duty day. It contained information regarding age, sex, children living at
home, marital status, position (pilot/HCM), years in position (y), second jobs, means
of commute, commute length, day of commute, nicotine use (smoke and/or snuff,
yes/no), caffeinated drinks consumed at work (number of cups), physical health (1 =
very good, to 5 = very poor), chronotype ( 1 = pronounced morning type, to 5 =
pronounced evening type), sleep need (h), use of sleeping aid (yes/no; which), sleep
problems related to work schedule (1 = no, to 5 = very much), degree of sufficient
sleep at work (1 = never, to 5= very often), and frequency of workweeks with less

than 5 h of sleep (1 = every workweek, to 4 = occasional workweek).

Epworth Sleepiness Scale (ESS)

The ESS [47] is an 8-item scale measuring trait sleepiness, administered on the first
duty day. It describes 8 situations in which the participants estimate the likelihood of
dozing off or falling asleep, rated on a 4-point scale. The composite scores range
from 0-24, where scores above 10 indicate excessive daytime sleepiness. Cronbach’s

alpha reliability of 0.84 calculated for Paper 1 indicated good internal consistency.

Accumulated Time with Sleepiness (ATS)

The ATS [110] measure state sleepiness and was completed by the NAA workers
once every day throughout the three-week data collection in Wave 2. It is designed to
measure subjective sleepiness over longer periods of time. The participants estimated
the occurrence and duration of sleepiness symptoms during the wake period, ranging
from 0%-100%. A 6-item version of the ATS was applied in the present study,
including the items “heavy eyelids”, “feeling gravel-eyed”, “difficulty in focusing

your eyes”, “irresistible sleepiness”, “reduced performance”, and “periods where you

were fighting sleep”. For each item, mean scores of weeks and days were calculated,
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and Cronbach’s alpha reliability of 0.92 calculated for Paper 1 indicated good internal

consistency.

Karolinska Sleepiness Scale (KSS)

The KSS [52] is a 9-point scale that measure state sleepiness and was completed
every other hour while awake during the workweek. Subjective sleepiness is rated
from 1 = very alert, 3 = alert, 5 = neither alert nor sleepy, 7 = sleepy but no problems
staying awake, to 9 = very sleepy, fighting seep, effort to stay awake. The scale also
consists of the non-verbally anchored scores 2, 4, 6, and 8. Excessive sleepiness is
indicated by a score of seven or higher. Mean scores were calculated for every
workday and for every two hours of the wake period (08:00-00:00 h) during the

workweek.

Sleep diary

The participants filled out daily estimates of their sleep periods in a modified version
of a sleep diary [111]. The diary was completed upon rise time in the morning during
all three weeks of each data collection period. From the sleep diary several sleep
variables were extracted including bedtime, wake-up time, wake after sleep onset,
time in bed, total sleep time, and sleep efficiency (total sleep time/ time in bed

100).

3.3.2 Objective instruments

Reaction time test

As an objective measure of sleepiness, a reaction time test based on the Posner-cue-
target paradigm was administered [112, 113]. In addition to response time, it also
measured accuracy and inhibition, and was programmed with E-Prime 2.0
(Psychology Software Tool). The NAA workers completed the test five times during
the workweek: in the evening of the first workday, morning and evening at midweek,
and morning and evening at workweek-end. The task was administered on a laptop
and the workers were instructed to complete the test while taking a comfortable
position in calm surroundings. The test screen consisted of two rectangular frames

with a crosshair between, where the participants were instructed to fixate on the latter
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(Figure 3). They were further instructed to respond as fast as possible by pressing the
‘D’ or ‘L’ key when the target stimulus appeared in either the left or right frame,
respectively. Intermittently, the frame on one of the rectangles would broaden (i.e., a
cue) prior to the appearance of the target stimulus, which the participants were
instructed to ignore. Three categories were integrated in the test: “no cue”, “valid
cue”, and “invalid cue”. The “no cue” category implied appearance of the target
stimulus in one of the frames in normal conditions (i.e., no broad frames). “Valid
cue” entailed that the target stimulus appeared in the broadened frame, whereas the
target stimulus appeared in the opposite to the broadened frame in the “invalid cue”
category. The test duration was 4 min and 40 s in which 168 target stimuli were
presented. The cue would appear 200-400 ms prior to the target stimulus which was
presented for 500 ms. The rest intervals were randomized and lasted between 600-
1400 ms. The target stimuli were distributed over 66.6% for “valid cue”, and 16.7%
for both “no cue” and “invalid cue”. The test generated response time and response

accuracy for all three categories.

A o
B " +
e < *
D + *

Figure 3. An illustration of the different conditions of the reaction time test. (4)
representation of the test screen before start, (B) the “no cue” condition, (C) the
“valid cue” condition, and (D) the “invalid cue” condition.
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Actigraphy

Actigraphs (Actiwatch 2, Respironics Inc., Cambridge, MA, USA) were worn
continuously during all three weeks in all data collection periods. An actigraph has
the size and appearance of a wristwatch and conduct continuous recordings of
movement and time [114]. Based on the amount of movement and activity, estimates
of sleep and wake profiles are generated by algorithms. The individual profile was
recorded by 1 min epochs and the threshold for sleep/wake detection was set to
medium (default), provided by the Actiware software. The medium setting includes a
sensitivity threshold at 40 counts of activity per epoch for wake detection, whereas
for sleep start/end the threshold was 10 min of inactivity/activity. The scoring was
based on a hierarchical approach proposed by Chow and colleagues [115]. The first
step emphasizes event markers and activity levels to determine sleep time, followed
by sleep diary and activity level in absence of event markers. Sleep variables that
were calculated by the Actiware software included bedtime, wake-up time, time in

bed, wake after sleep onset, total sleep time, and sleep efficiency.

Mission log

A daily overview of number of missions and duration of missions for the individual
worker was provided by both the NAA and CFV staff. The duration of missions was
recorded from the time an alarm started to the time the helicopter landed back at the
base. The NAA also conducted training sessions during the workweek, and these data
were included in the variables to calculate the total workload. For Paper 1 and Paper
2, categorical variables based on tertiles were created for number of missions and
duration of missions. Missions taking place between 00:00 and 07:00 h, including
missions that were initiated before midnight but completed after, were defined as
night missions. However, missions that were initiated before 07:00 h but completed

after (i.e., 08:00 h) were not defined as a night mission.

See figure 4 for an overview of when each instrument was applied.



45

Week before work Workweek Week after work
("~ Sleep diary )
Sleep diary Actigraphy Sleep diary
Actigraphy ATS A Actigraphy
ATS KSS - 4 ATS
Reaction time test
Questionnaire
L A

Figure 4. An overview of instrument allocation over 3 weeks of data collection.

3.4 Statistical analyses

3.4.1 Paper1

IBM SPSS Statistics, version 25 (IBM Corp., USA), were used to conduct the
statistical analyses. To explore changes in the outcome variables over time, a linear
mixed model (LMM) approach was applied for the ATS, KSS, response time, and
response accuracy. The analysis of ATS over three weeks included week (1-3) as a
fixed factor, where the second week (workweek) was set as reference. In the analysis
of ATS during the workweek, day (1-7), number of missions (lower, medium,
higher), and duration of missions (lower, medium, higher) were modelled as fixed
factors. Day 1, medium category in number of missions, and medium category in
duration of missions were entered as references categories. For the analysis of the
KSS scores during the workweek, day (1-7), time of day (08:00-00:00 h), number of
missions (lower, medium, higher), and duration of missions (lower, medium, higher)
were set as fixed factors. Day 1, 00:00 h, medium category in number of missions,
and medium category of duration of missions were set as references. Bases were
adjusted for in all the latter analyses. In the analyses of response time and response
accuracy, the test points (1-5) were entered as fixed factors where the last test point
was set as reference. Subjects were modelled as random factor in all the latter
analyses. Regression coefficients (unstandardised b-scores) were reported. The

significance level for all analyses was set at p < 0.05.
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3.4.2 Paper 2

IBM SPSS Statistics, version 25 (IBM Corp., NY, USA), was used for the analyses.
LMMs were applied in order to evaluate the following outcome variables over time
(measured by sleep diary and actigraphy): bedtime, wake-up time, time in bed and
total sleep time. In the analyses, the outcome variables in the workweeks of Wave 1
and Wave 2 were compared, and the sleep patterns were analyzed over three
consecutive weeks (week before work, workweek, week after work) for Wave 1 and
Wave 2, individually. Where suitable, the number of missions (lower, medium,
higher) and duration of missions (lower, medium, higher) were included as fixed
factors, with medium category as reference. In the analyses over three weeks, week
(1-3) was entered as fixed factor with the second week (workweek) as reference. For
the latter analyses, regression coefficients (unstandardised b-scores) were reported.
Due to skewed residuals, the sleep variables wake after sleep onset and sleep
efficiency were analysed with Mann-Whitney U tests when comparing the two
workweeks (Wave 1 versus Wave 2). A Friedman ANOVA with Wilcoxon post-hoc
test was conducted for examination over the three consecutive weeks (in both waves),
as well as Bonferroni corrections for multiple testing. For the latter analyses, z-scores

were reported. Alpha values less than .05 were considered statistically significant.

3.4.3 Paper 3

All statistical analyses were conducted using Stata 16.1 (StataCorp, College Station,
TX, USA). Due to low sample size and tables containing cells with a frequency less
than five, Fisher’s exact test was conducted to explore differences between the NAA
and CFV in terms of sex and sleep problems. Student’s t-tests were applied to
compare differences in age, sleep need, and caffeine intake, whereas a Mann Whitney
U test was used to explore differences in median values of years in position between
the NAA and CFV. The latter was also used for analyses of number of missions and
duration of missions. LMMs were applied to explore the sleep and sleepiness
variables during the workweeks, for the NAA and CFV, combined and separately.
The outcome variables measured by both sleep diary and actigraphy included
bedtime, wake-up time, wake after sleep onset, time in bed, total sleep time, and sleep

efficiency. The outcome variable for exploring sleepiness was the KSS. For the
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analyses on the workweeks, day (1-7) and time (only KSS; 08:00-00:00 h) were
entered as fixed factors with day 1 and 08:00 h as reference categories. Subjects were
included as random factor in all the analyses, whereas number of missions and
duration of missions were modelled as covariates. The significance level was set at p

<0.05.

3.5 Ethics

The project was reviewed and approved by the Regional Committee for Medical and
Health Research Ethics of Western Norway, health region West (project number
2014/593). No additional ethical approval was required by the equivalent Austrian
authorities (415-EP/73/671-2016). It was conducted in accordance with the
Declaration of Helsinki. Together with the materials in the first data collection period
the workers received a letter describing the aim of the study, as well as informed
consent which was signed and returned with the completed materials. The letter also
contained information about confidentiality and option to withdraw at any time
throughout the study period. Upon enrolment, each participant was given a unique
code that was used throughout the data collection period. The coding key, which
linked the unique code to each participant, was kept separate from the data and

password-protected.
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4. Results

4.1 Paper 1

The main finding suggested that the overall sleepiness levels were low during the
three-week data collection period (Wave 2). Within these levels of sleepiness, some
differences were evident over the three weeks and during the workweek. The
sleepiness scores measured by the ATS was significantly lower during the workweek
(week 2), compared to the weeks off work on all six ATS items: heavy eyelids,
feeling gravel-eyed, difficulty in focusing your eyes, irresistible sleepiness, reduced
performance, and periods where you were fighting sleep (see Table 2 in Paper 1 for
corresponding statistics). Consequently, the first hypothesis was rejected, postulating

that sleepiness would be highest during the workweek, compared the weeks off work.

The sleepiness scores measured by the KSS was significantly higher on the first
workday (M = 3.23) compared to the remaining workdays (%Y2M = 2.76, p < 0.001,
day3pf=2.94, p<0.01, 40 =2.82, p<0.001, 950 =2.88, p <0.001, %y oM =
2.94, p<0.01, 70 =291, p<0.001). Therefore, the second hypothesis, stating that
sleepiness would increase throughout the workweek, was rejected. Further, the
sleepiness levels were higher at midnight compared to all other hours of the workday
(see Table 4 in Paper 1 for corresponding statistics), supporting the third hypothesis.
The workers with most missions had lower sleepiness scores, while the workers who
spent most time on missions had higher sleepiness scores, both compared to the
medium category. These results partly supported the fourth hypothesis which stated
that having higher number of missions and spending more time on missions would be
associated with higher sleepiness levels compared to those in the medium category.
No significant difference was evident for neither response time nor response accuracy

during the workweek.
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4.2 Paper 2

Overall, the results indicated that the workers’ sleep was somewhat altered during the
workweek compared to the weeks off work. Bedtime was significantly later during
the workweek in the season with more missions (Wave 2) compared to the workweek
in the season with fewer missions (Wave 1) (448 =-0.36, p < 0.001, actigraphyp = _
0.34, p <0.01). Further, the workers spent more time in bed (measured by diary)
during the Wave 1 workweek compared to the Wave 2 workweek (= 0.26, p <
0.05). The number of missions and duration of missions were significantly higher
during Wave 2 compared to Wave 1. In Wave 2, workers who spent more time on
missions had later bedtime (Y4 = 0.59, p < .001, &tig@phyp = 0,53, p < .01), while the
workers with most missions spent less time in bed (only for sleep diary: f=-0.61, p <
.05). No difference was evident between the two workweeks for neither wake-up
time, wake after sleep onset, sleep efficiency nor total sleep time. The workers
obtained over 7 h of nightly sleep during the workweek in both waves, measured by

sleep diary.

The worker’s sleep period was more delayed during the workweeks, when comparing
to the weeks off work in both waves. The workers also spent more time in bed during
the workweek compared to the weeks off. However, they spent more time awake
after sleep onset and sleep efficiency measured with actigraphy was lower during the
workweeks compared to the weeks off work. The subjective total sleep time was
higher during the workweek compared to the weeks off in Wave 1 (see Table 2 in

Paper 2 for corresponding statistics).

4.3 Paper 3

The main findings indicated that both pilot groups obtained appropriate amounts of
sleep during their workweek, although some differences between the two groups were
evident. The results for both pilot groups combined (NAA and CFV), indicated a
consistent sleep period during the workweek with a slight delay as they approached

workweek-end. Although there were some discrepancies between the results derived
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from sleep diary and actigraphy, the overall results for the pilot groups individually
suggested some notable differences. The NAA pilots had fewer missions, drank more
caffeinated beverages, and were less experienced compared to the CFV pilots.
Further, the NAA pilots’ sleep period was more delayed, they spent more time in bed
and slept longer than the CFV pilots during the workweek. However, the NAA pilots
also spent more time awake after sleep onset and had lower sleep efficiency
compared to the CFV pilots (see Table 2 in Paper 3 for corresponding statistics). The
duration of missions was positively associated with a later sleep period for both pilot
groups (see Table 3 in Paper 3 for corresponding statistics). All sleepiness levels
remained low for both pilot groups during the workweek, although slightly elevated
levels during the first workday compared to the following workdays were found. The
sleepiness scores over the course of a workday resembled a slight U-curve with a
steady increase approaching midnight (See Table 4 in Paper 3 for corresponding

statistics).
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5. Discussion

5.1 Low sleepiness and adequate sleep length

Despite having a work schedule that included consecutive shifts and long work hours,
the pilots and HCMs seemingly coped well with their work schedule in terms of sleep
and sleepiness. This is contrary to the findings of numerous shift work studies on
various occupational groups where sleep problems and high levels of sleepiness have
been found [9, 60]. The HEMS crews (i.e., pilot and HCM) were also susceptible for
workload and workhours similar to quick returns and unfortunate placement of
workload that could resemble counterclockwise rotating shifts (i.e., morning work
followed by night work with less than 11 h between), both associated with shortened
sleep and increased sleepiness [116, 117]. However, nurses in the latter studies may
have had more predicable workhours, compared to the HEMS crew for which the
actual workhours and workload may be more intermittent during the workweek [11].
Although, our findings are in line with studies on certain occupational groups that
seem to cope well with shift work settings similar to those of the HEMS crews. For
instance, a study on airline pilots with compressed work periods found adequate sleep
length (at least 6 h) [118]. Further, studies on oil rig workers found that the
employees experienced relatively low levels of sleepiness and obtained sufficient
amounts of sleep (on average 6.5-7.0 h of sleep) when working 12-h shifts for 14
consecutive days [119, 120]. Corroborating results were also found for construction
workers working long hours in an isolated environment 78 degrees North [121].
Similar to the HEMS crews, the workers in the two latter studies lived on-site and
were thus protected from domestic responsibilities during their work period.
Although different from the HEMS crews in predictability of workload and
workhours, the comparison is still useful. This notion is corroborated by findings
from a pilot barometer where 50% of French pilots considered inadequate rest areas

during the duty period as a contributor to fatigue [122].
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In an American study, HEMS nurses reported that 18-h shifts compared to 12-h shifts
during a 72-h duty schedule were more compatible with their off-work lifestyle.
[123]. Several factors affect sleep during the off-duty period, including commute,
meals, leisure, personal hygiene, as well as general domestic and social
responsibilities. Shorter shifts grant shorter off-duty periods, in which all of the above
must be fitted. For the HEMS workers at the NAA, the workweek was accompanied
by an off-work period of at least 14 days, providing the workers with more time to
manage the above-mentioned factors. The sleep and sleepiness levels on the weeks
off could indicate that the recovery period between the workweeks were sufficiently
long to counteract the effects of the long hours, and thus function as a protective
force. This is in accordance with results from a barometer where 88% of Danish
airline pilots attributed insufficient rest between work periods as a cause of fatigue
[122]. These longer periods of free time between the long shifts could also have
contributed to a preference for such schedules, similar to the findings of Thomas and
colleagues [123]. Thus, the HEMS workers may have been motivated to function

optimally in their work settings in order to preserve such shift schedules.

During the workweek, the HEMS crews adhered to flight and duty time limitation
that regulated maximum flight time and active work time. If they exceeded these
limits, the HEMS crews had to remain off-duty, but on-site, for a minimum of 8 h.
This rest period is below the recommended minimum of 12 h [11], but still seem to
be sufficient given the present study’s results. Good sleep facilities, short travel time,
and few domestic obligations have been pointed out as explaining factors of how
shorter-than-recommended rest periods still could allow for sufficient restitution
[119]. However, we do not have data on to what extent the HEMS crews reported off-
duty due to reaching maximum flight or work time levels during the data collection

periods.

5.2 Disturbed sleep

Health complaints related to sleep disturbances (i.e., fragmented sleep and low sleep

efficiency) are frequently reported by shift workers [124]. In addition to low
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sleepiness and adequate sleep length, the results also showed that the NAA workers
spent more time awake after sleep onset and had lower sleep efficiency during their
workweek compared to the weeks off work. Additionally, the results from Paper 3

indicated that the NAA pilots had more disturbed sleep compared to the CFV pilots.

Studies have indicated that disturbed sleep may be less restorative and associated
with daytime sleepiness, as well as deteriorated performance [125, 126]. Disturbed
sleep is a common problem in subjects who suffer from sleep disorders such as sleep
apnoea, but is also present in healthy individuals [127, 128]. In addition to taking on
missions during the night, which can explain why the sleep was more interrupted, the
on-call setting has also been found to affect sleep negatively independently of actual
night work [129]. In a recent on-call study, 56% of the participants reported that
simply being on-call impacted their sleep, even when no calls were received [130].
Although statistically significant, one should keep in mind that the overall differences
were small. For instance, in Paper 2 the differences in minutes spent awake after
sleep onset across the weeks were not even evident when represented by median
scores (asymmetric data). Further, the differences also varied depending on the
instrument applied, as for the sleep efficiency which was only significantly lower
during the workweek when measured by the actigraph (in Paper 2). The effects of
disturbed sleep for the HEMS crews were delimited to the workweek and therefore
temporary. Additionally, the HEMS crews included in our study represent a highly
selected group with good general health who complete regular health checks. In
healthy individuals, findings indicate that two full nights of sleep are required for
recuperation [59]. As the (NAA) HEMS crews had a minimum of 14 days of
recovery time between the shifts, this may be sufficient for the workers to recuperate
even after particularly busy workweeks exceeding the sleep disturbances measured in
the present study. Hence, together with the findings of low sleepiness levels and short
response time (although high missing rate), there is reason to believe that the

detrimental effects of such sleep disturbance are manageable for the HEMS crews.
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5.3 Cognitive performance

Reduced sleep and elevated sleepiness are associated with a degrade in cognitive
performance, such as slowed response time [124]. The reaction time test results
indicated that the NAA workers maintained short response time and high response
accuracy throughout the workweek. Nevertheless, the reaction time test had 43%
missing responses suggesting that the risk of making a type II error (i.e., false
negative) is present and the results must be interpreted with prudence. The reason for
such high numbers of missing may be linked to the ecological field setting. The test
could neither compromise the HEMS operations nor the workers sleep opportunities.
For these reasons, it could be challenging to prioritize completing tests such as the
present. Still, in order to objectively examine how the cognitive performance is
affected by the work schedule, such tests should not be excluded from field studies.
However, there may be potential for improvement in the test setup and platform. For
instance, changing the platform from a stationary computer to a handheld device or
via the workers’ smartphone, could potentially increase the amount of completed

tests. Still, this would imply diminished control of the test surroundings.

The test used on the NAA workers lasted 4 min and 40 s, which may not have been
sufficiently long in order to elucidate the potential detrimental effects of sleepiness. A
study suggested that the unmasking effect of sleepiness and sleep deprivation
increased along with test length, implying that our test failed to detect underlying
sleepiness [131]. Therefore, increased test duration could potentially help uncover
fluctuations in sleepiness and performance, but there are also studies concluding that
shorter test duration (i.e., 5 min) is a reasonable substitute in contexts where a longer
test is challenging to implement [132]. As there were no indications of elevated
sleepiness levels based on the subjective sleepiness scales, one could conclude that
opposing results were unlikely for the reaction time test. However, discrepancies
between subjective and objective measures of sleepiness have been found, where
subjects estimated lower sleepiness levels compared to the corresponding decline in
performance indicated by objective measures [51]. The discrepancy between

subjective and objective measures of sleepiness may be explained by reduced
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sensitivity to sleepiness, most pronounced in individuals with sleep disorders [57].
Physiologically alert individuals were more accurate in their estimations of sleepiness
following a night of sleep restriction [133]. Thus, as the HEMS workers are healthy

individuals, they may be somewhat protected against the latter gap.

The type of test also holds some strengths compared to other types of reaction time
tests. While reaction time tests such as the Psychomotor Vigilance Task (PVT) only
assess non-executive function by measuring the speed of a subject’s automatic
response to a visual stimulus (Go task), the Posner paradigm-based test included in
our project additionally assess executive function by measuring response inhibition
(Go-NoGo task) [67]. Response inhibition is comprised by a cognitive process where
the individual must prevent itself from carrying out an inappropriate prepotent
response. This involves two cognitive elements: (1) perception of incoming stimuli
and (2) avoidance of automatic reaction [134]. The effects of total sleep deprivation
on these executive and non-executive functions have been tested over 64 h. The
results indicated a decline in correct hit rate (Go) after 55 h, but the inhibitory
capacity (NoGo) was reduced after only 23 h, suggesting that the inhibitory response
is more sensitive to sleep deprivation or sleepiness compared to the automatic

response [135].

5.4 Subjective and objective discrepancy

A consistent finding in Paper 2 and Paper 3 was the discrepancies between sleep
measured by actigraphy and sleep diary. Compared to the sleep diary data, sleep
measured with actigraphy resulted in consistently lower sleep efficiency and sleep
length, and higher wake after sleep onset. Such low coherence represents a common
finding in research applying both instruments [136-138]. Three ways to interpret the
implications of these results are: (1) the workers under-reported the time they spent
awake after sleep onset in the sleep diary, which also explains the discrepancies in
sleep length and sleep efficiency, or (2) the actigraphs were too sensitive and
measured awakenings when the workers actually slept, or (3) a combination of both.

Between the two instruments, it is challenging to know which can best elucidate the
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“real” sleep or which should be emphasized the most. While actigraphy has the
weakness of solely being based on movement, the sleep diary is subjected to response
biases that follow subjective self-report. However, one may argue in favour of
emphasizing subjective sleep as self-assessment of prior sleep period and daytime
functioning is the core of evaluating whether one has obtained sufficient amounts of
sleep or not — the feeling of being rested [139]. An example from the sleep disorder
paradoxical insomnia also adds to this argument. In this type of insomnia there is
considerable sleep discrepancy, where contrary to the subjectively reported
sleeplessness, the PSG reveals close to normal sleep patterns [ 140]. Still, these

patients receive treatment because of the subjectively appraised insomnia [141].

In normal, healthy adults the actigraphy has proven to provide accurate sleep
estimates, where the reliability of these estimates is positively associated with study
length [38, 142]. Further, to manage the response biases accompanying subjective
instruments, the actigraph could be a useful addition. Subjective sleep measured by
the sleep diary is also widely used and regarded as a valuable tool for sleep
assessment. Studies have found that sleep diary entries of at least seven consecutive
days provide reliable sleep estimates in adults [143], a criterion fulfilled in our study.
Moreover, when examining someone’s sleep, the subjective aspect of perceived sleep
and self-assessment of prior sleep periods is important to incorporate. For these
reasons, the combination of both subjective and objective measures provides nuanced

and valuable insight into the participants’ sleep periods.

5.5 Two HEMS operators

In Paper 3, we examined sleep and sleepiness in two different HEMS operators: the
Norwegian Air Ambulance (NAA) in Norway and Christophorus Flugrettungsverein
(CFV) in Austria. These HEMS operators were similar in terms of the shift schedule,
but different regarding certain work characteristics. While the NAA pilots initiated
missions at all hours during their workweek, the CFV pilots only took on missions

during daylight. Further, while the NAA pilots had to live on the base during the
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entire workweek, the CFV pilots who lived in proximity to the base could spend the

nights at home.

We found differences between the pilot groups on all included sleep variables. The
NAA pilots had a more delayed sleep period, spent more time awake after sleep
onset, had lower sleep efficiency, but spent more time in bed, and slept longer than
the CFV pilots. However, we also found that the pilot groups obtained appropriate
amounts of sleep during their workweek. For this reason, Paper 3 provided us with
information about this particular shift schedule and how sleep was affected by the
work setting as a whole, in addition to pointing us in a direction on how operator-
specific differences contributed to these sleep fluctuations. Nevertheless, as our
results derived from field studies, we had limited access to all variables that
interacted with the results, and there are thus considerable uncertainties related to
precisely what affected our results. However, our perception is that a comparison
between the HEMS operators including their differences has provided us with
additional knowledge on this field.

A salient finding in Paper 3 was the convergence of several sleep variables on the last
duty day. On the final workday, the NAA pilot woke up earlier, spent less time in
bed, and slept less compared to the previous workdays. The CFV pilots woke up
later, spent more time in bed, and slept longer compared to their prior workdays.
These results may be explained by the time of crew change. As the CFV pilots only
conducted missions during daylight, the crews could spend the night at home after the
last workday, explaining the sudden change. The NAA, on the other hand, remained
on duty during the night and had to be ready for change of crews at 10:00 h on the

next morning, which could explain their change in sleep.

5.6 Methodological considerations

5.6.1 Instruments
The objective instruments require some reflection. The actigraph enabled a non-

intrusive assessment of sleep in the workers’ natural surroundings, both at work and
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home. Its flexibility and cost-effectiveness also allowed for collection of sleep data
on multiple workers simultaneously over an extended period. However, the basis for
sleep estimation by actigraphy is movement (i.e., accelerometer), thus representing a
considerable limitation. Generally, actigraphy has been proven to overestimate sleep
in specific study populations, and cautions use is advised for populations with
specific sleep disturbances. Still, it is regarded as a reliable and valid tool for
examining sleep in normal, healthy populations [38, 144]. Considering sensitivity and
specificity, actigraphy is reported as reasonably good at detecting sleep (sensitivity),
but also to have a relatively poor ability to detect wake (specificity) [145, 146]. Thus,
there is also need for caution in comparisons of results from different devices and
populations, as the estimated sleep has varied considerably depending on type of
device used, settings applied, and study population [38, 146]. Innovative development
of microwave biomedical radars has resulted in sleep radars that enable non-intrusive
and contactless sleep monitoring which has been validated against PSG [40, 147]. As
these radars enable high accuracy sleep staging, they could provide nuanced
knowledge about the workers’ sleep. However, they do not provide information about

activity and sleep that take place outside the bedroom.

The reaction time tests enabled assessment of cognitive performance in the natural
surroundings by use of computers. However, it was challenging to successfully
implement a performance task as an objective proxy for sleepiness. There exist
several other similar performance tasks that aim to indirectly assess sleepiness (i.e.,
Oxford Sleep Resistance [148], Sustained Attention to Respond Task [149], PVT
[59]). However, it is uncertain whether change of performance test would provide a
better balance between feasibility in this particular context and the appropriate length
to provide accurate data. There are several other ways to measure sleepiness — the
most known are Multiple Sleep Latency Test and Maintenance of Wakefulness Test.
However, these are costly, intrusive, and time consuming, and therefore challenging
to conduct in field studies. Other ways to detect sleepiness include EEG signal
interpretation (i.e., Alpha Attenuation Test [150]), ocular activity (i.e., Optalert
[151]), pupillography, and simulation tests [41]. Albeit with their accompanied
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limitations, innovative use of the abovementioned tests could potentially enhance the
quality of objectively assessed sleepiness acquired from field studies such as the
present. In safety sensitive occupational groups and/or workers that provide services
essential to society, implementation of exhaustive performance tasks may be both
unpractical and unethical, prompting cost-benefit considerations. Innovative use of
scales and performance testing in field studies could be one part of the solution to
these challenges in future research. However, this imply that the tests can be
completed with a minimum strain on the participants in order to avoid compromising

the operational setting.

5.6.2 Design

The data collection length represents a strength of the overall design. However, the
number on night missions were quite low in the NAA dataset. Research suggests that
of all shift work types, night work is the most detrimental for the worker [68]. Thus,
it would be interesting to follow each participant over several workweeks, exceeding
one workweek per wave (the NAA workers). This would extend the amount of night

missions per worker and thus our data on its effect on sleep.

5.6.3 Biases

Our data could be susceptible to social desirability bias, where the participants
provide the answers they believe the researcher/society wants. However, inclusion of
objective and subjective measures was done in order to compensate for such biases.
Selection bias might also be present, where those who had sleep problems or were
aware that they did not obtain sufficient amounts of sleep withstood from
participation. However, as the response rate was high, one might assume that the

majority perceived the study as an asset for their workplace safety.

Our findings may not be easily generalized to other populations due to the selection
bias called the healthy (shift) worker effect. The healthy worker effect refers to a
selection process resulting in a healthier workforce of shift workers compared to day
workers. This selection process includes a pre-employment and post-employment

phase. The pre-employment phase includes the individual’s appraisal of own
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capabilities, and a physician’s medical examination and appraised health status. The
post-employment phase includes the survivor effect, meaning that less healthy
individuals are likely to self-select out of a shift work setting, regardless of the cause
of health problems [152]. The pre-employment phase may likely be present in this
context as the HEMS workers represent a highly selected group exceeding the normal
shift work force. Given the nature of the occupation and the inherent risk of the work
setting, the workers go through several examinations and tests prior to employment.
The post-employment phase may also be present, for instance if workers who
complete the pre-employment phase find that they are unsuitable for the extended
shifts and long work hours that the NAA workers engage in. Although our findings
may be challenging to apply to other shift work settings with different shift schedules
and work characteristics, the findings are still considered valuable. In this project, we
were interested in how this particular group of workers coped with their work setting
regarding sleep and sleepiness, and comparable research is scarce. Thus, even if the
healthy worker effect may be present, this work context requires a highly selected
group as the setting do not fit the general population. In addition, the findings may be
useful for occupational groups with similar shift schedules, work settings, and/or

employee characteristics.

5.6.4 Field studies

Experimental shift work studies (i.e., simulated shift work studies) often imply a
sample representative of the general work force. The results from such studies can
provide knowledge about the general effects of shift work on humans and are less
susceptible to biases such as healthy worker effect. However, field studies are often
more ecological in nature, and enable examination of real-life settings with the
specific shift workers as participants. By including the inherently selected
occupational group, we possibly gain more access to complex situations that are

challenging to study using other designs (i.e., experimental studies).

Disadvantages related to field studies include degree of control, generalizability, and
sample size. The degree of control over the total amount of variables affecting the

results is low, where there may exist confounding variables not captured by the
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instruments. Compared to epidemiological or cross-sectional studies which often
have larger sample sizes (i.e., register-based studies), field studies usually have
smaller samples sizes which limits the level of sophisticated analysis that can be
conducted. However, the longitudinal design in our field study represents an asset by

providing multiple data points per participant, per day, over 6 weeks.

5.7 Implications and future research

Our results indicated that the HEMS workers experienced low levels of sleepiness
and obtained adequate amounts of sleep during their workweek. However, this is not
an argument to render this occupational setting as harmless. Shortened sleep and
increased sleepiness may pose substantial hazards on health, performance, and safety,
for both the HEMS worker and their surroundings. Thus, functional Fatigue Risk
Management Systems (FRMSs) are important to meet the challenges in these
particular shift work settings. The hours-of-service regulations alone, comprised by
the flight and duty time limitations in the HEMS, do not fully consider the complex

interplay between sleep, circadian rhythm, and performance.

Garde and colleagues [153] made several recommendations regarding shift
scheduling. They recommended maximum 3 consecutive night shifts, 11 h or more
between the shifts, and a maximum shift duration of 9 h. Based on these proposals, it
is evident that the shift schedule of the NAA and CFV workers are beyond the
recommendations, but still seem to be a good fit for the work setting. This may be
due to the protective function of the surrounding features, such as base facilities, shift
structure demanding 24/7 (for the NAA workers) presence on the bases, recovery
time between the workweeks, breaks between the missions, strict criteria for alarm
initiation at the dispatch center, and the nature of missions implying shift of attention.
The latter is supported by our findings, where number of missions was negatively
associated with sleepiness while duration of missions was positively associated with
sleepiness. Garde and colleagues [153] corroborate this by noting that other
recommendations could apply for workers in remote workplaces with sleep

promoting facilities. However, these are safety-critical work tasks and continuous
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development of FRMS is essential for the safety of these shift schedules in this

occupational group.

By including elements of sleep and circadian rhythm in FRMSs of shift working
HEMS, one could to a greater extent account for the complex interactions between
these factors and performance in safety-sensitive settings. One examples of such
elements could be proportional impact of duty hour limits along the biologic day,
where duty hours during the biologic night could “weigh” more than corresponding
hours during the day. Other elements include minimizing the number of consecutive
nights the crews are operative and/or having extra crew checks related to sleep and
sleepiness in periods where prolonged night work is unavoidable. The recommended
maximum number of consecutive night shifts are three [11]. However, these results
are largely based on populations with more definite rest structures during the
corresponding daytime, whereas the HEMS workers risk getting missions or other
interruptions during these hours. Thus, maybe even fewer consecutive nights of work
should be considered in this particular occupational context. Other potentially
beneficial elements are locally adjusted mitigating measures, based on the individual
worker, base, and/or task. Individual adjustments could be based on individual sleep
need (i.e., long- and short-sleepers) [35] or chronotype, where research indicates that
evening types cope better with night work compared to morning types [154]. Base
adjustments could include different measures between the urban and rural bases,
where the mission profiles may differ in terms of number, duration, and type. Some
bases may also benefit from seasonal adjustments based on coinciding behavioural
change in the population. Task-based adjustments could include different
modifications for missions and administrative duties or based on degree of monotony
or length of the relevant tasks. Regular updates and education in shift work-specific
sleep hygiene, in both management and crew, could increase knowledge about the
complex processes and thus increase compliance with favourable sleep hygiene
behaviour [155]. For instance, knowledge about ways to manage sleepiness,
including strategic use of naps (i.e., prophylactic) and caffeine, as well as information

about the latter’s properties (i.e., latency, half-time, caffeine crash) could be
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beneficial for shift working HEMS crews [156]. On that note, a recent study among
shift working nurses found that proactive recovery programs had positive effects on
fatigue [157]. Further, it could be beneficial with cultural evolvement on good sleep
health by avoiding “can do”-attitude and debunking myths stating that sleepiness can
be surmounted or that sleep can be stored. Visible support from the management
could also affect compliance positively among the workers. The increase in use of
personal health monitoring with smartwatches, trackers, and apps could be considered
in a work setting where the worker keep track on sleep and sleepiness. Innovative
products or designs could include objective sleep trackers (i.e., sleep radars),
registration of body temperature or melatonin as an objective measure of the
circadian rhythm and corresponding performance levels, or measures to detect
microsleep. However, there are feasibility issues and ethical questions regarding
privacy and storage that should be raised with implementation of such innovative
trackers. In the future FRMS, a “sleepalyzer” that functions as a breathalyzer would
be a desirable solution to sleep and sleepiness monitoring. Until that time, we will
have to settle for increasing knowledge about sleep, sleepiness and circadian rhythms,
and how this affects our ability to work at all hours. Simultaneously, we should
continue to make adaptations to the individual settings, and further develop FRMSs

and research in order to reduce the negative effects.

Several theoretical models have attempted to explain the relationship between shift
work, sleep, and the potential consequences in short- and long-term [69, 70]. In their
model, Kecklund and Axelsson [69] proposed several mechanisms by which shift
work may lead to chronic disease and accidents, via the interaction of disturbed sleep,
circadian disruption, and risk behaviours/psychological stress. They also incorporated
shift work-related behaviour including altered light exposure, diet patterns, sleep
patterns, and behaviours. The main elements proposed by Merkus and colleagues [70]
included the interaction between work and non-work, and their associated
physiological mechanisms. Underlying concepts within the work factor included
working time duration, time-of-day, and recovery period. Further, the model
postulated that the results of the interactions between work/non-work and

physiological processes determined the short- and long-term health effects. Still, the
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existing explanatory models on shift work and sleep may not cover all aspects of all
shift work arrangements. Because, despite the extensive amount of data that have
documented the detrimental effects of shift work, the HEMS crews seemingly coped
well regarding sleep and sleepiness. Although there are considerable uncertainties
related to performance as measured by the reaction time tests, these also indicated
short response time and high response accuracy during the workweek. Based on the
thesis’ findings, assumptions can be made regarding additional factors to supplement
the existing theoretical models. This could make them more comprehensive and
applicable to the variety of work settings and shift work schedules that exist,
including the present HEMS work setting which consists of long work hours, on-call

work, and with elements of night work.

One factor that might be lacking in the existing models is on-site living. On-site
living during the workweek could serve as a sleep promoting factor by removing
social and domestic obligations. In absence of missions or work tasks, the individual
worker may prioritize sleep without competing tasks or obligations. However, being
away from home and family may also have negative effects on the individual worker,
depending on life situation. Another factor is base facilities (or workplace facilities).
Good base facilities, especially related to each worker’s sleeping areas could promote
sleep, while poor facilities could curtail sleep. For instance, access to good-quality
mattresses, duvets, pillows, and black-out curtains, and absence of noise in the
sleeping area may positively affect the sleep. Additionally, access to private
bathrooms could eliminate disturbances at night within the crew/group of workers,
while exercise rooms allow for workouts which is beneficial for building up sleep
pressure. Rest requirements during the work period, especially for groups who work
long hours represent another factor. In the HEMS context, these are represented in the
flight and duty time limitations which provide the workers with a minimum of rest
requirements upon exceeding maximum amount of flight or duty time. However, they
do not fully account for the interplay between sleep pressure and the circadian factor
(i.e., time-of-day, duration of work). In the HEMS work setting, the alarm initiation

criteria at the dispatch center represent another factor that may be relevant. Strict
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alarm criteria could pose as a protective feature for sleep and sleepiness, while the
opposite could result in more missions or at least more mission alarms possibly
affecting the sleep and sleepiness negatively. This could also be relevant for other on-
call contexts. Mission characteristics could also be considered as a contributing
factor. Because, the characteristics of the missions may affect the workers’ sleep,
where particularly demanding missions can influence the sleep and possibly make the
workers vulnerable to the challenging aspects of the shift schedule. The selection of
personnel represents the final factor, where the work setting results in a highly
selected group that may be more robust in terms of performance when faced with
periods of less sleep or higher levels of sleepiness. Additionally, the number of days
between the workweeks could affect the workers. Sufficient amounts of recovery
days would enable recuperation, whereas short rest period between shift could be
detrimental. The latter factor is already included in the model by Merkus [70] but
appraised as particularly important in the present occupational setting and therefore

still deserves mentioning.

Several recommendations can be made regarding future research. Future research
should focus on retrieving extensive amounts of data from the work setting in order to
gain more nuanced knowledge about the sleep. Further, innovative use of instruments
could maximize the amount of retrievable data without exhausting the participants or
compromising the service. A quasi-experimental design with simulation of missions
during a fictive workweek could enable inclusion of a more comprehensive battery of
performance tests, which could provide further insight into how these schedules
affect sleepiness and performance. Regarding the supplementary suggestions to the
theoretical shift work models, future research would benefit from examining to what
extent the suggested factors are present in comparable occupational settings. In such
manner, the research field would gain more knowledge about how these factors

interact and thus further develop the existing models.
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5.8 Conclusion

This thesis examined how consecutive shifts and long work hours affected sleep and
sleepiness among pilots and HCMs working in the HEMS. The research on this
matter in HEMS is scarce, but nevertheless important. Thus, the novelty of our

research represents an important contribution to the shift work field.

The results from Paper 1 suggested that the workers experienced low levels of
sleepiness both during their workweek and their weeks off. The lowest sleepiness
levels were interestingly found during the workweek. Over the course of a workweek,
the highest (although low) sleepiness scores were reported on the first duty day. No
change in the reaction time tests were evident over the workweek. The results in
Paper 2 indicated that the workers went to bed later and spent less time in bed during
the season with more missions (Wave 2) compared to the season with fewer missions
(Wave 1). The workers’ sleep period was more delayed and somewhat disturbed,
during the workweek compared to the weeks off work. In Paper 3, the results from
both pilot groups combined suggested a delay in the sleep period towards the
workweek-end. Some differences between the two pilot groups were evident, where
the NAA pilots had somewhat more disturbed sleep compared to the CFV pilots.
However, the workers still obtained appropriate amounts of sleep during the entire
data collection period with over 7 h and 6 h of sleep reported in Paper 2 and 3,
respectively. For the latter, the NAA pilots obtained more sleep than the CFV pilots

despite operating at all hours throughout the workweek.

Our findings suggested that the workers experienced low levels of sleepiness and
obtained sufficient amounts of sleep during their workweek, despite working long
hours over seven consecutive days. These results indicate that the current shift
schedule is a good fit for this particular work setting including all its protective
features (i.e., bases, facilities, on-site living) in terms of sleep and sleepiness.
Nevertheless, it is important to underline that the conclusion is based on results
derived from a group level. Thus, an ever-developing and advancing FRMS is still

essential to protect the workers from the negative effects that shift work imply.
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Moreover, in these safety-sensitive occupations, mitigating measures could also be
beneficial. For instance, during particular periods of the day (i.e., window of
circadian low) or in precarious situations where the crews may be vulnerable in terms
of sleep, sleepiness and performance. Further research on these contexts is therefore
also important to obtain updated information about these essential occupational

groups.
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Abstract

Purpose To examine the effects of shift work and extended working hours on sleepiness among pilots and Helicopter Emer-
gency Medical Service (HEMS) crew members in the Norwegian Air Ambulance.

Methods This field study investigated sleepiness during 3 consecutive weeks: the week before work, the work week, and
the week after work. The pilots and HEMS crew members (N =50) kept a wake diary during all 3 weeks and completed
reaction time tests during the work week.

Results The overall sleepiness scores were low during all 3 weeks. When comparing the 3 weeks, the lowest sleepiness levels
were found for the work week. There was a small difference across work days, in which subjective sleepiness scores were
highest the first duty day. No change in the reaction time tests was evident during the work week. The crew members reported
being most sleepy at midnight, compared to all the other timepoints over the course of a duty day. Regarding workload and
total work time, having larger workload was associated with lower sleepiness scores, while having higher total work time
was associated with higher sleepiness score, both compared to the medium category.

Conclusions The findings indicate that the work schedules and setting for this distinct occupational group do not seem to
negatively affect the sleepiness levels.

Keywords Sleepiness - Shift work - Air ambulance - Pilots - HEMS crew members

Introduction (Akerstedt and Wright 2009). Work during the natural night

often influence sleep and functioning and may result in

To maintain around the clock operations, a large portion
of the workforce must be organized in shift work and often
works extended hours. Shift work can generally be denoted
as work outside normal daytime, and may include work dur-
ing evening, night, and weekend (National Sleep Foundation
2018). Shift work, including night shift, implies activity and
light exposure at a time when inactivity and rest are natural
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shortened sleep and/or increased sleepiness (Swanson et al.
2011). Studies generally suggest a reduction of sleep dura-
tion by approximately 3 h following night shifts (Sallinen
and Kecklund 2010), and severe sleepiness has been found
during night shift, as this coincides with the nadir for the
core body temperature (Hdarmai et al. 2002; Akerstedt and
Wright 2009). Night work is, therefore, associated with
impaired performance and occupational accidents (Harma
and Kecklund 2010; Wagstaff and Lie 2011). In addition,
working irregular shifts poses a risk for increased sleepi-
ness and sleep debt, indicating an elevated need for recov-
ery (Harmi et al. 2018). Extended working hours have been
defined as work exceeding 48 h a week (Harrington 2001).
The literature regarding the effect of such working hours
on sleep and sleepiness is inconsistent. Some studies sug-
gest that long working hours are associated with increased
sleepiness and shortened sleep (Sallinen and Kecklund
2010; Swanson et al. 2011), while other studies conclude
that workers adapt quite well (Bjorvatn et al. 2006; Forberg
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et al. 2010). A review article concluded that extended work-
ing hours increased the risk of excessive sleepiness, which
further could have implications for performance on the
job and injuries (Caruso 2014). Shift work and extended
work hours are common in aviation. Many flight opera-
tions include long-haul flights and crossing of several time
zones. However, these work conditions are quite different
from those in the Helicopter Emergency Medical Services
(HEMS) characterized by on-demand medical service
implying low predictability of workload and work hours.
The work schedule and conditions of HEMS crews vary a
great deal, both between countries and agencies. Some work
12-, 24-, or 48-h shifts, while others work 7 consecutive
days. Furthermore, some live on the base, while others com-
mute home every day when off work (Radstaak et al. 2014;
Sallinen et al. 2018). These differences complicate generali-
zation of findings across various operations, schedules, and
conditions. In Norway, HEMS crews work 24-h shifts over
7 consecutive days to provide around the clock coverage and
operation. However, little is known about the effects this
type of shift schedules and these work characteristics have
on sleepiness. Sleepiness is established as a risk factor in
aviation, and evidence suggests that sleepiness is associated
with flying errors and accidents (Goode 2003; Previc et al.
2009). A common distinction is drawn between subjective
and objective sleepiness. Objective measures of sleepiness
may include measures of sleep tendency (i.e., the Multi-
ple Sleep Latency Test), reduced activation (i.e., pupillom-
etry), or performance deficits (i.e., reaction time). Subjective
sleepiness can be subdivided into state measures, which are
sensitive to abrupt changes caused, for example, by sleep
deprivation, and trait measures, which primarily measures
the respondents’ general tendency to experience sleepiness.
There are few scientific publications concerning sleepiness
in the HEMS, and the few existing findings are ambiguous.
Furthermore, the quality of the existing research is often lim-
ited due to low response rate (Miiller et al. 2014), and low
external validity caused by variations in shift systems across
countries and agencies (Guyette et al. 2013). In addition,
there seems to exist a discrepancy between results resting on
measures of subjective sleepiness and those reflecting per-
formance and objective measures of sleepiness (Miiller et al.
2014; van Dongen et al. 2003). Furthermore, an appraisal
of the fluctuation in sleepiness is important and could have
implications for safety and health, for both personnel and
patients. Consequently, knowledge about the effects of work-
ing long hours and consecutive shifts on sleepiness of pilots
and HEMS crew members is thus essential. This current field
study was conducted among pilots and HEMS crew mem-
bers working for the Norwegian Air Ambulance (NAA).
The NAA operated 9 out of 12 bases in Norway, including
10 of total 13 helicopters. The specific aim of the present
study was to examine sleepiness in pilots and HEMS crew
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members before, during, and after a work week by adminis-
tering subjective as well as objective measures of sleepiness.
We hypothesized that sleepiness scores (measured with the
Accumulated Time with Sleepiness Scale) would be higher
during the work week, compared to the week before and
after work (H1). Considering the work week, we expected
that sleepiness (measured with the Accumulated Time with
Sleepiness Scale, the Karolinska Sleepiness Scale, reaction
time, and response accuracy) would increase over the work
week (H2). We also hypothesized that during a day, the crew
would report more sleepiness (measured with the Karolinska
Sleepiness Scale) at the end of the wake period (H3). Finally,
we expected that the crew members with larger amount of
work (number of missions/training sessions and total work
time) on duty would report higher sleepiness scores (meas-
ured with the Accumulated Time with Sleepiness Scale and
the Karolinska Sleepiness Scale) compared to those with
medium work amount (H4).

Method
Participants

The data derived from a study among workers in the NAA.
All pilots and HEMS crew members (n="70) working on all
nine bases operated by the NAA were invited to participate
in the study which started during the fall 2014. A total of 61
pilots and HEMS crew members agreed to participate in the
first data collection, yielding a response rate of 87.1%. Of all
the workers who participated in the first data collection, 59
were invited to take part in a second study that took place in
spring/summer of 2015. In all, 50 workers agreed to partici-
pate, yielding a response rate of 84.7%. The current study
presents data from the second data collection comprising
50 pilots and HEMS crew members, as we expected more
activity during the summer weeks.

Procedure

The data collection was conducted during the spring and
summer of 2015 and took part over 3 consecutive weeks: the
week before work, the work week, and the week after work.
The shift schedule starts with a 7-day work week followed
by 14-day off duty, then 7-day on duty followed by 21-day
off duty. The shift starts and ends at 10.00 on Monday morn-
ing, where the crew commutes either the day before or on
the same day as the shift start. There are geographical dif-
ferences between the bases, and the crew of those that are
placed in rural areas often need to commute over longer
distances. The crew operates missions both at day and night
throughout the year. During the work week, the crew lives
together on the bases with all necessary facilities, including
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separate bedrooms, exercise room, kitchen, and a living area
with TV. The fatigue risk management system includes flight
and work limits, divided into flight time and active work
time approved by the Civil Aviation Authority of Norway.
Flight time refers to time spent in the helicopter and active
work time starts when an alarm goes off and ends 1 h after
completed flight. Maximum flight time is 7 h in a consecu-
tive 24 h period, 12 h in a consecutive 48 h period, and 30 h
in a 7-day period. The maximum active work time is 14 h
during a consecutive 24 h period and 30 h during a consecu-
tive 72-h period. If the crew reaches a limit, they need to go
off flight duty for 8 h before returning. In addition to provid-
ing medical service by helicopter, the HEMS crew members
sometimes drive a rapid response car to close-by locations.
The workers completed a questionnaire on their first duty
day. Furthermore, they kept wake diaries for the 3 weeks
and performed a reaction time test several times during the
work week. The study included data from the mission log
reported by the bases.

Instruments
Questionnaire

The questionnaire included demographic and background
variables such as sex, age, marital status, and children living
at home. It also covered questions about sleep need, sleep
problems related to work schedule (ranging from none to
very much), degree of sufficient sleep at work (ranging from
never to very often), frequency of work weeks with less than
5 h of sleep (ranging from the occasional work week to every
work week), caffeine, nicotine, commute, and second jobs.

Epworth Sleepiness Scale (ESS)

The ESS (Johns 1991) is an 8-item scale that measures the
subject’s general tendency to sleep or doze off in eight dif-
ferent situations. The scale is thus a subjective trait meas-
ure of sleepiness with a 4-point scale, yielding a total score
between 0 and 24. Scores higher than 10 indicate excessive
daytime sleepiness. The ESS demonstrated good internal
consistency with an alpha reliability at 0.84. The ESS was
administered once, on the first duty day.

Mission log

An overview of all the missions, training sessions, and the
amount of time spent in active work was provided by the
NAA. The workload variable included both missions and
training sessions. Total work time (TWT) was calculated
from the time the alarm went off to the time they landed after
a mission. If a training session was conducted, the TWT
was calculated from when the training session started to the

time they landed back at the base. Based on tertiles, cat-
egorical variables were made for workload and TWT. Night
work was defined as mission taking place between 24:00 and
07:00, including those missions that started before midnight
and ended after midnight.

Sleepiness measured with wake diary

The Accumulated Time with Sleepiness (ATS) scale (Gill-
berg et al. 1994) is designed as a method for integrating
measures of subjective sleepiness over longer time periods.
Occurrence and duration (proportion of the wake period
when the symptom was present, ranging from 0 to 100%) of
specific symptoms of sleepiness during the wake period are
rated. Six items were used in the present study, including
“heavy eyelids”, “feeling gravel-eyed”, “difficulty in focus-
ing your eyes”, “irresistible sleepiness”, “reduced perfor-
mance”, and “periods where you were fighting sleep”. The
scale is regarded as a state measure of sleepiness. Mean
scores of week and days were calculated for each item, and
a good internal consistency was demonstrated with an alpha
reliability at 0.92. The ATS was sent by postal mail to the
participant’s home and was administered every day, before
bedtime, for all 3 weeks.

The Karolinska Sleepiness Scale (KSS; Akerstedt and
Gillberg 1990) consists of a 9-point graded, scale measur-
ing subjective sleepiness rated from 1 =very alert, 3 =alert,
5=neither alert nor sleepy, 7=sleepy but no problems stay-
ing awake to 9 =very sleepy, fighting sleep, effort to stay
awake. A score of seven or more indicates excessive sleepi-
ness. The scores 2, 4, 6, and 8 are not verbally anchored.
The KSS assesses state sleepiness and the participants com-
pleted the KSS every other hour while awake during the
work week. Mean scores were calculated for each duty day
and every other hour awake during the duty days.

Sleepiness measured with reaction time test

A task based on the Posner-cue-target paradigm was
included as an objective measure of reaction time, inhibi-
tion and accuracy (Gundersen et al. 2007; Posner and Driver
1992) and was programmed using the standard version of
E-Prime 2.0. (Psychology Software Tool). The task was
administered on a laptop and the participants were instructed
to complete the test while sitting down in a comfortable
position, in quiet surroundings. During testing, the partici-
pants were told to fixate on a crosshair between two rectan-
gular frames on the screen. When a target stimulus appeared
in either of the frames, the participants were instructed to hit
the ‘D’ (when stimulus appeared in left frame) or ‘L’ (when
stimulus appeared in right frame) on the keyboard as fast
as they could. The frames would sometimes be broadened
(i.e., a cue) before the target stimulus appeared, which the
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participants were told to ignore. There were three categories
incorporated in the test: “no cue”, “valid cue”, and “invalid
cue”. “No cue” implied that the target stimulus appeared in
one of the frames without any cue. In the “valid cue” cat-
egory, the target stimulus appeared in a broadened frame,
while in the “invalid cue” category, the target stimulus
appeared in the opposite to the broadened frame. The test
lasted for 4 min and 40 s and 168 target stimuli were pre-
sented during each test session. Each of the target stimuli
was presented for 500 ms and the rest intervals between each
stimulus were randomized and lasted for 600-1400 ms. The
cue appeared 200 ms or 400 ms before the target stimulus
was presented. The distribution of the target stimuli was
16.7% for “no cue”, 16.7% for “invalid cue”, and 66.6% for
“valid cue”. Reaction time (RT) and response accuracy (RA)
for each category were calculated. The participants com-
pleted the test five times during the work week: in the even-
ing the first day at work, in the morning at midweek, in the
evening at midweek, in the morning at the end of the work
week, and in the evening at the end of the work week. They
were instructed to take the evening tests right before bedtime
and the morning tests within an hour after wake time.

Data analyses

All statistical analyses were conducted using SPSS version
25. A linear mixed model approach was applied to produce
unbiased estimates of variance and covariance parameters
(West et al. 2014). In the analysis of ATS over the 3 weeks,
week was included as a fixed factor, where the second week
(work week) was set as reference. The analysis of ATS dur-
ing the work week included day, workload, and TWT as
fixed factors. The analysis of KSS during the work week
included day, time of day, workload, and TWT as fixed fac-
tors. At day 1, 24:00 in the time of day variable, medium
workload, and medium TWT were set as reference cat-
egories in the two latter analyses. The effect of bases was
adjusted for in the analysis. In the analysis of reaction time,
fixed effect for test points was modelled. Subjects were
included as a random factor in all analyses. Alpha values
less than 0.05 were considered as statistically significant.

Missing data

On the six items from the ATS scale, missing data com-
prised 8.8% of the total in heavy eyelids, 8.8% of feeling
gravel-eyed, 9.0% of difficulty in focusing your eyes, 8.9%
of irresistible sleepiness, 8.7% of reduced performance, and
8.8% of periods, where you were fighting sleep. The propor-
tion of missing data on the KSS was 6.5%, and for reaction
time test, the proportion of missing data was 43.2% (108
out of 250 individual tests). Data on the reaction time test
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were missing at random, with no evident pattern in terms of
distribution around timepoints.

Results
Descriptive statistics

Twenty-five pilots and 25 HEMS crew members partici-
pated in the study, representing nine different bases across
Norway. In all, the sample consisted of 49 (98.0%) males
and one female (2.0%). The mean age was 43.8 years
(SD=17.2), range 29-59 years. In all, 90.0% (n =45) were
married or cohabiting and 78.0% (n=39) had children liv-
ing at home. A total of 86.0% (n=43) reported getting
less than 5 h of sleep on duty occasionally or sometimes,
92.0% (n=46) reported little or no problems related to
sleep at work, and 80.0% (n=40) reported getting enough
sleep on duty. Data on intake of caffeine, use of nicotine,
and characteristics about their commute are presented in

Table 1 Descriptive statistics regarding means of caffeine and nico-
tine consumptions, commute, commute length, and day of commute,
reported in terms of number of participants (n) and percentages (%)
among pilots and HEMS crew members in Norway (N =50)

n (%)

Caffeine on duty®

No caffeine 24.1)

1-2 cups 24.1)

3-6 cups 35(71.4)
>7 cups 10 (20.4)
Smoke

Yes 0(0.0)

No 48 (100.0)
Snuff

Yes 7 (14.6)

No 41 (85.4)
Means of commute

Walk/bicycle 3

Car 34

Bus/train 16

Plane 18

Other 4
Commute length
<1h 14 (29.8)

1-3h 16 (34.0)

3-6h 15(31.9)

6-12h 2(4.3)
Commute day

The day before first duty 12.1)

The same day as first duty 46 (97.9)

“Cups of coffee, tea, cola, or energy drink, containing caffeine
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Table 1. The mean ESS score was 7.1 (SD=3.9). In all,
20 workers had a second job with a mean employment
percentage of 22.4% (SD = 14.86), range 2-50%. During
the work week, mean workload (number of missions and
training sessions combined) was 17.3 (SD=6.1), rang-
ing from 5 to 30. Of these, 1.4 (SD =1.0) was night work
ranging from O to 4 during the work week. The mean TWT
was 25.2 h (SD =8.8) during the work week. TWT ranged
from 7.1 to 48.0 h.

Sleepiness measured with wake diary

Sleepiness measured with Accumulated Time
with Sleepiness (ATS) across 3 weeks

There were significant main effects of week on all six ATS
components: heavy eyelids F (2, 907)=10.1, p <0.001
[estimated marginal means (SEM) week 1: 9.06 (1.76),
week 2: 5.61 (1.75), week 3: 8.31 (1.78)], feeling gravel-
eyed F (2, 911)=4.81, p<0.01 [estimated marginal
means (SEM) week 1: 3.49 (0.983), week 2: 2.07 (0.981),
week 3: 3.69 (1.0)], difficulty in focusing your eyes F (2,
910)=5.01, p<0.01 [estimated marginal means (SEM)
week 1: 2.58 (0.779), week 2: 1.32 (0.778), week 3: 2.70
(0.795)], irresistible sleepiness F (2, 906)=5.37, p <0.01
[estimated marginal means (SEM) week 1: 5.54 (1.53),
week 2: 3.44 (1.53), week 3: 5.50 (1.55)], reduced perfor-
mance F (2, 916)=13.9, p<0.001 [estimated marginal
means (SEM) week 1: 4.67 (0.759), week 2: 1.78 (0.756),
week 3: 3.76 (0.781)], and periods where you were fight-
ing sleep F (2, 907)=6.28, p<0.01 [estimated marginal
means (SEM) week 1: 5.67 (1.65), week 2: 3.76 (1.65),
week 3: 5.96 (1.67)], see Table 2 for estimates. When
comparing HEMS crew members (M =1.67, SD=6.09)
and pilots (M=2.82, SD =9.47), the pilots had slightly

higher scores on the ATS item “difficulty in focusing your
eyes” (p <0.05).

Sleepiness measured with Accumulated Time
with Sleepiness (ATS) during work week

There were no significant differences in the sleepiness
scores for the six ATS components during the work week.
Neither workload nor TWT affected these scores. The
main effects of day on each ATS component were: heavy
eyelids F (6, 276)=0.419, p=0.866, feeling gravel-eyed
F (6, 277)=0.707, p=0.645, difficulty in focusing your
eyes F (6, 278)=0.823, p=0.553, irresistible sleepiness
F (6, 274)=1.55, p=0.161, reduced performance F (6,
281)=1.14, p=0.340, and periods where you were fight-
ing sleep F (6, 276)=1.59, p=0.150. The main effects of
workload on each ATS component were: heavy eyelids F' (2,
284)=1.75, p=0.175, feeling gravel-eyed F (2, 296)=1.69,
p=0.186, difficulty in focusing your eyes F (2, 303)=2.91,
p=0.056, irresistible sleepiness F (2, 280)=1.55, p=0.215,
reduced performance F(2, 312)=1.81, p=0.166, and
periods where you were fighting sleep F (2, 282)=2.31,
p=0.101. The main effects of TWT on each ATS compo-
nent were: heavy eyelids F (2, 284)=0.201, p=0.818, feel-
ing gravel-eyed F (2, 296)=0.010, p =0.990, difficulty in
focusing your eyes F (2, 302)=0.186, p=0.830, irresistible
sleepiness F (2, 280)=0.024, p=0.977, reduced perfor-
mance F (2,310)=0.041, p=0.960, and periods where you
were fighting sleep F' (2, 282)=0.089, p=0.915, see Table 3
for estimated marginal means.

Sleepiness measured with the Karolinska Sleepiness Scale
(KSS) during work week

There were significant main effects on the KSS for
day F (6, 2539)=4.66, p<. 001, time of day F (8,
2535)=49.61, p <0.001, workload F (2, 2561)=4.93,

Table 2 Effects of weeks on
subjective sleepiness, measured
by the Accumulated Time with

Week 1
Estimate (SEM)

Week 2% Week 3

Estimate (SEM)

Sleepiness (ATS), across 3
weeks among pilots and HEMS
crew members in Norway
(N=50)

ATS

Heavy eyelids

Feeling gravel-eyed

Difficulty in focusing your eyes
Irresistible sleepiness

Reduced performance

Periods, where you were fighting sleep

3.45 (0.804) %+
1.42 (0.558)*
1.27 (0.476)%*

2.70 (0.847)%*
1.62 (0.589)**
1.38 (0.501)%*

2.09 (0.722)%* 2.06 (0.761)%*
2.89 (0.559)%++ 1.98 (0.589)**
1.91 (0.661)** 2.20 (0.696)**

Results are from linear mixed models including multilevel estimates and standard error of the means

(SEM)
#p <0.05, ¥p <0.01, **¥p <0.001

“The second week (work week) represents the reference group
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Table 3 Estimated marginal means (M) and standard error of the mean (SEM) on the Accumulated Time with Sleepiness (ATS) across 7 work days, workload and total work time (TWT)

among pilots and HEMS crew members in Norway (N
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TWT

Workload

M (SEM)

Day

M (SEM)

M (SEM)

Medium Higher Lower Medium Higher

Lower

o

ATS

1

6.21 (1.77)

5.41 (1.74)
1.86 (0.857)

0.871

5.19 (1.98)
1.78 (1.07)

3.97 (1.97)
0.681

5.55 (1.94)

2.96 (0.801) 1.63 (1.03)
2.30 (0.583) 0.554

4.59 2.00) 729 (1.69)

1.54 (1.10)

7.11 2.02)
2,98 (1.11)

6.15(2.01) 5.97(2.02) 5.48(1.99)
1.60 (1.11)

2.35 (1.10)

471 2.02)

0.687 (1.11)
—0.104

521 (2.06)

1.73 (0.874)
1.28 (0.651)

0.774 (1.06)
-0.024

1.14 (1.09)
0.645

2 242(1.15)

3

2.20 (0.873) 0.653

1.36 (0.870) 0.638

1.21 (0.923)

(0.641)
3.68 (1.69)

(0.830)
3.47 (1.87)

(0.825)
2.66 (1.87)

0.810)
2.97 (1.83)

2.59 (0.523) 1.16(0.749) 0.886

(0.864)
271 (1.88)

(0.866)
3.90 (1.88)

(0.876)
3.64 (1.90)

(0.881)
2.84 (1.90)

1.76 (0.863) 0.717

3.48 (1.71)

5.00 (1.65)

5.53 (1.89)

4.92 (1.89)

1.25 (1.93)

4
5

1.59 (0.582) 1.66 (0.593)

1.39 (0.774)

1.27 (0.810) 2.61 (0.817) 0.960

2.67 (0.823) 0.828

0.770)
2.44 (1.86)

0.817)
2.73 (1.88)

(0.829)
4.19 (1.89)

(0.833)
3.37 (1.90)

3.94(1.70) 3.62(1.72)

3.48 (1.87)

3.20 (1.84)

5.40 (1.66)

5.53 (1.88)

4.59 (1.89) 4.21 (1.88)

1.14 (1.93)

6

ATS 1 heavy eyelids, ATS 2 feeling gravel-eyed, ATS 3 difficulty in focusing your eyes, ATS 4 irresistible sleepiness, ATS 5 reduced performance, ATS 6 periods were you were fighting sleep

Table4 Effects of days (1-7), time of days (08:00-24:00), work-
load, and total work time (TWT) during the work week for subjec-
tive sleepiness, measured by the Karolinska Sleepiness Scale (KSS)
among pilots and HEMS crew members in Norway (N =50)

Estimate (SEM) M (SEM)
Days
? 3.23(0.165)
2 —0.464 (0.096)*** 2.76 (0.165)
3 —0.283 (0.098)** 2.94 (0.164)
4 —0.405 (0.097)*** 2.82 (0.164)
5 —0.342 (0.098)*** 2.88 (0.164)
6 —0.285 (0.103)** 2.94 (0.164)
7 —0.316 (0.102)*** 2.91 (0.165)
Time
08 —0.751 (0.136)*** 3.38 (0.183)
10 —1.50 (0.116)*** 2.63 (0.169)
12 — 1.77 (0.112)*** 2.34 (0.166)
14 — 1.77 (0.111)%*** 2.35(0.166)
16 —1.53 (0.111)%*** 2.57 (0.166)
18 —1.27 (0.112)%** 2.84 (0.166)
20 —1.39 (0.111)%** 2.74 (0.166)
22 —0.880 (0.111)*** 3.25 (0.166)
24* 4.13 (0.170)
Workload
Low 0.096 (0.086) 3.06 (0.154)
Medium?* 2.96 (0.162)
High —0.194 (0.089)* 2.77 (0.163)
TWT
Low —0.081 (0.079) 2.81(0.163)
Medium® 2.89 (0.156)
High 0.185 (0.074)* 3.08 (0.156)

Results are from linear mixed models including estimates, standard
error of the mean (SEM) and estimated marginal means (M)

Adjusted for the effect of base
The KSS scores are based on means for each day and each hour
*p<0.05, ¥¥p <0.01, **¥¥p <0.001

“Day 1, time 24:00, medium workload, and medium TWT represents
the reference groups

p<0.01, and TWT F (2, 2559)=4.48, p<0.05. Day 1
had higher scores compared to the remaining 6 days. For
time of day, the KSS scores were significantly higher at
midnight (24:00) compared to all the other hours. Those
with higher workload reported lower KSS scores com-
pared to those with medium work load, while those with
higher TWT reported higher KSS scores compared to
those with medium TWT, see Table 4 for estimates and
estimated marginal means. There was no significant dif-
ference between the scores for the HEMS crew members
and pilots (p =0.06).
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Sleepiness measured with reaction time test

Reaction time test (response time and response accuracy)
during work week

There was no significant main effect of time for RT,, ... F (4,
98)=1.58, p=0.186, RT, ;4 cue F (4, 98)=1.30, p=0.276,
and RT, .04 cue F (4, 98)=0.972, p=0.427, across five
test points over the work week. There was no significant
main effect of time for RA ... F (4, 98)=0.407, p=0.803,
RAva]id cue F (4’ 98): 184’ p:0-127s and RAinvalid cue F (4’
98)=0.600, p =0.664 across five test points over the work
week.

Discussion

The sleepiness scores measured by the ATS were lowest in
the work week, compared to the weeks at home before and
after work. During the work week, the highest sleepiness
scores measured by the KSS were reported on the first day
of work. However, there was no change during the week in
terms of reaction time and response accuracy. Over the
course of the day, the highest sleepiness scores measured by
the KSS were reported at midnight. Having higher workload
was associated with lower sleepiness measured by the KSS
compared to medium workload, whereas having longer TWT
was associated with higher sleepiness scores measured by
the KSS, compared to a medium TWT. The crew members
felt less sleepy during their work week, compared to their
weeks off (both before and after). Consequently, there was
no support for the first hypothesis stating that sleepiness
scores would be higher during the work week, compared to
the week before and the week after work. We expected oppo-
site findings in line with other studies (Mullins et al. 2014;
Akerstedt and Wright 2009). However, the crew in the pre-
sent study was living at the base during the work week which
relieves them of social and domestic obligations. With avail-
able base facilities such as separate bedrooms, an exercise
room and a living room, the crew likely gets sufficient rest
and leisure between the missions and training sessions. This
may explain the lower sleepiness scores. Excessive sleepi-
ness during free days has been found in other studies among
shift workers (Harma et al. 2018), suggesting that accumu-
lated sleep deprivation during the work period may become
manifest on days off work. However, these studies are only
partially comparable to the present due to differences in sam-
ple population and work schedule predictability. In addition,
the current study’s sample had a minimum of 14-day off
between the work weeks. This means that the crew already
had at least 1-week off work before the first assessment week
in this study. Still, higher sleepiness score compared to the
work week was found, although overall sleepiness levels at

all 3 weeks were low. This indicates that the slightly higher
sleepiness scores in the first week, stems from sources other
than work. When at home, the workers have domestic obli-
gations, including children to take care of which could be a
possible factor explaining these scores. In compliance with
this, Gregory et al. (2010) found that 26% of air medical
pilots reported child care as a factor that affected the ability
to sleep. Furthermore, some of the crew holds second jobs
during their weeks off, which could explain why the sleepi-
ness scores are slightly higher the weeks off duty. Neverthe-
less, it is important to emphasize that the overall sleepiness
scores across all 3 weeks were low considering that the ATS
scale range from O to 100. Hence, although higher, the sleep-
iness the week before and after work was not deemed clini-
cally elevated. A comparison between the pilots and the
HEMS crew members revealed a somewhat higher score for
the pilots on the “difficulty in focusing your eyes” item. As
the HEMS crew members are more likely to have a higher
workload due to accompanying on the rapid response car,
this result seems thus reasonably. However, both the scores
were low indicating that neither pilots nor HEMS crew
members experienced much sleepiness across the 3 weeks.
The crew reported the highest sleepiness scores on the first
day at work, compared to the following 6 duty days. Further-
more, the reaction time tests did not change over the course
of the work week. Given these results, the second hypothesis
must be rejected, postulating that subjective and objective
measures of sleepiness would increase during the work
week. As the hypothesis suggested, one would expect that
the crew members became sleepier over the course of the
work week, due to accumulated sleep deprivation caused by
shift work and the work load itself (Akerstedt and Kecklund
2005). However, there are other studies, indicating that the
workers adapt to shift work during the work period. Bjorvatn
et al. (2006) found a decrease in sleepiness scores, both sub-
jective and objective, over a week of night shift offshore.
However, these results could be explained by a shift in the
circadian rhythm due to the week of night work. Based on
the mission log in the present study, it is evident that most
of the missions took place during daytime and a circadian
alteration is not likely, although this should be investigated
in future studies. Despite the fact that the study of Bjorvatn
and colleagues comprised oil rig workers who worked a
week of night shift followed by a week of day shift, that
occupational group still has some similarities to our sample,
such as work facilities. The offshore workers live on the oil
rig during their work period, and they work shift and have
extended work hours. These results could suggest that the
work facilities affect sleepiness levels in a positive way dur-
ing the work period, despite having work schedules that
often have been reported to impact sleepiness negatively.
One possible explanation for the higher sleepiness scores on
the first duty day could also be related to commuting. The
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majority of the crew reported using a car as a commuter and
using 1-6 h to commute. Furthermore, almost all commuted
the same day as the shift started. As the shift started at 10.00
in the morning and having up to 6 h of commute by car on
the same day, it would imply that the workers needed to
wake up very early at the first work day. For this reason,
commute length could explain why the workers display
higher sleepiness scores on the first duty day. This should
receive some attention, as subjective sleepiness is associated
with an increase in automobile accidents (Bioulac et al.
2017). Another possible explanation to our findings is that
phase delay due to late bedtime and rise time might have
occurred during the preceding weekend (Yang et al. 2001).
Nevertheless, the subjective sleepiness scores were all dis-
tributed on the lower part of the scale; thus, statistically sig-
nificant results must be interpreted with prudence. The prac-
tical meaning of this result should also be considered with
caution, as the difference from the remaining duty days was
small. The crew members showed no evidence of increased
sleepiness over the course of the work week, as measured
with reaction time tests. Interestingly, there was no increase
on the first duty day despite having higher subjective sleepi-
ness scores. In accordance with other studies, this could sug-
gest that alertness is maintained, by keeping low response
time and high response accuracy, despite reporting subjec-
tive sleepiness (Cullip et al. 2014; Thomas et al. 2006). The
previous studies report a decrease in performance due to
sleepiness (Myers et al. 2017), while others report no differ-
ence in sleepiness and/or performance despite working long
shifts (Amann et al. 2014; Guyette et al. 2013). The results
from the current study provide support for the latter findings.
However, it is worth mentioning that the test could activate
the participants by being a distinct new component in their
work environment and explain the lack of change in reaction
time and response accuracy. Over the course of a duty day,
the crew members did report changes in levels of sleepiness.
The highest sleepiness scores were not surprisingly reported
at midnight, significantly different from the other timepoints
of the day. Therefore, the third hypothesis, stating that crew
would experience increased sleepiness at the end of the wake
period, was supported. Still, the average sleepiness scores
were low and distributed between the ‘very alert’ and ‘nei-
ther sleepy nor alert’ step of the scale. The distribution of
the sleepiness scores resembles an oscillation in sleepiness
that follows the circadian rhythm, rather than sleepiness due
to work schedule (Borbély et al. 2016). The previous studies
on shift work have indicated that night work and morning
work are associated with sleepiness during the day, and that
rotational work, rather than fixed work, is associated with
higher sleepiness (Thun et al. 2016). Furthermore, a study
on air plane operations found that sleepiness levels increased
after flight duty (Yen et al. 2009). The work characteristics
of the air ambulance service involve both night work and
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early morning work, often in a rotational manner, which
make the present study relevant. An interpretation of the
present result is that the work schedule did not affect the
sleepiness score over the course of a duty day. Two variables
were created based on the mission log: workload (total num-
ber of missions and training sessions during the work week),
and TWT (total time in hours and minutes spent actively
working during the 7-day shift). Both were made categorical
and based on tertiles. Having higher workload was associ-
ated with lower sleepiness scores compared to having
medium workload. In contrast, having higher TWT was
associated with higher sleepiness scores compared to
medium TWT. This gives partial support for the fourth
hypothesis, postulating that the crew members with larger
amount of work (both workload and TWT) would have
higher sleepiness scores compared to those with medium
work amount. These results may indicate that the activation
related to more missions reduced sleepiness levels, while the
activation related to longer missions did not. This is in
accordance with other studies, where higher sleepiness
occurred on the longest missions during a day (Amann et al.
2014; Powell et al. 2008). Nevertheless, again, the sleepiness
was overall low, indicating that the crew and pilots were
sufficiently alert.

Overall, the results suggest that the crew members expe-
rienced low levels of state sleepiness despite having 7-day
shift on the base and unpredictable working hours. Further-
more, the trait measure of sleepiness revealed low levels
(ESS=7.1), compared to the Norwegian male population,
where the mean ESS score is 7.4 (Pallesen et al. 2007). The
results obtained on the state measures of sleepiness were all
within the non-pathological/non-problematic level. This is
in agreement with studies from other fields that share simi-
lar work schedules and arrangements, including offshore
workers, tunnel workers, and construction workers (Bjorvatn
et al. 2006; Forberg et al. 2010; Persson et al. 2006).

Strengths and limitations

Some strengths and limitations of the present study should
be noted. The use of both wake diaries and reaction time
tests to assess sleepiness constitutes an asset. Objective
measurement enabled a higher control of motivational
effects that is associated with self-report. As studies suggest,
there exists some discrepancies in awareness of sleepiness
levels and results of objective tests, this was also taken into
consideration as both subjective and objective measures of
sleepiness was included (Myers et al. 2017; van Dongen
et al. 2003). Another strength was related to the two types
of subjective sleepiness scales that were administered. The
ATS assesses sleepiness retrospectively, while the KSS is
administered in situ. In situ questionnaire ensures a more
accurate rating of sleepiness by avoiding biases, such as
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memory bias. Furthermore, it was also an asset having both
a global measure of a day (ATS) and time-specific measures
throughout the day (KSS). These factors could explain why
we with the ATS did not find any difference in sleepiness
throughout the work week, while this was detected with the
KSS. Finally, the length of the study and amount of data col-
lected per participant allowed for a comprehensive assess-
ment of fluctuation in the dependent variables. Regarding
the analysis, the use of linear mixed models approach ena-
bled use of available data for units where timepoint data
were missing, which represents a statistical advantage. Field
studies provide insight relevant to groups that are not easily
accessible. These studies have limitations regarding con-
trol and sample size, but represent a strength in terms of
knowledge of groups that are of specific operational interest.
Finally, another strength was related to the response rate,
which was high. The findings in the current study could be
vulnerable to the «healthy worker effect», as the sample
reflects a group that assumingly cope well and prefer a shift
work setting as workers not coping well are assumed to not
initiate or to be selected out of shift work by time. Given
the health and educational requirements needed to fulfill the
work demands in the present occupations, these workers are
even more strongly selected. The results could consequently
reflect the characteristics of this group rather than the effect
of the work schedule. Furthermore, it would be preferable
with a larger sample size, especially for the objective data.
The generalizability represents a limitation that applies for
field studies in general; thus, both the low sample size and
the highly selected occupational group make the results dif-
ficult to generalize to other occupational groups. However,
the results could be of interest to similar groups from the
same occupation in general or for other groups that share
the same type of work schedule. Due to some missing data
on the reaction time test, the amount of registrations on each
occasion was quite limited which could affect the results.
However, it is challenging to conduct field studies on such
selected groups due to the special work setting and the
unpredictable work sessions. Objective measures such as
reaction time tests could, therefore, have been given lower
priority. Future studies should focus on adaptable means
of securing higher participation regarding objective test-
ing in occupational settings. However, the total number of
reaction time tests in the present study was still adequate,
with 142 out of 250 tests completed. In addition, studies
on sleep deprivation show that the effect of the deprivation
increases, as the length of the test increases (Lo et al. 2016).
The test length of 4 min and 40 s may, therefore, have been
too short to reveal any real impact of sleepiness. The study
lacks injury and accident data on HEMS operations, which
could serve as an objective measure of sleepiness in certain
incidents. In addition, the findings should also be interpreted
in light of the special context (e.g., work schedule and job

characteristics) and study limitations (e.g., selection bias).
Future studies on this topic should assess and adjust for
chronotype in the analyses.

Conclusion

The present study revealed that the overall sleepiness scores
were low during all 3 test weeks. When comparing the 3
weeks, the lowest sleepiness levels were found for the work
week. There was a small difference across work days, in
which subjective sleepiness scores were highest the first duty
day. No change in the reaction time tests was evident dur-
ing the work week. The crew members reported being most
sleepy at midnight, compared to all the other timepoints over
the course of a duty day. Regarding workload and TWT,
having larger workload was associated with lower sleepiness
scores, while having higher TWT was associated with higher
sleepiness score, both compared to the medium category. To
the author’s knowledge, this study is unique in being one of
the first field studies on this occupational group that included
both subjective and objective measures of sleepiness over
an extended period. Overall, our findings indicate that the
work setting and schedules for this particular occupational
group do not seem to negatively affect the sleepiness levels.
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ABSTRACT ARTICLE HISTORY
The present study aimed to investigate the effects of shift work on sleep among pilots and Received 25 March 2020
Helicopter Emergency Medical Service crew members (HCM) in the Norwegian Air Ambulance. Revised 18 July 2020
Sleep was assessed by diaries and actigraphy during a workweek (24 h duty for 7 consecutive days) ~ Accepted 22 July 2020
in the winter season and a workweek during the summer season in pilots and HCM (N = 50). KEYWORDS

Additionally, differences in sleep were studied between the week before work, the workweek, and Sleep; shift work; air
the week after work in both seasons. Results indicated that bedtime was later (p <.001) and time ambulance; pilot; HCM; crew;
spent in bed (p <.05) was shorter during the summer, compared to the winter, season. The workers sleep diary; actigraphy
delayed the sleep period in the workweek, compared to the week before (winter: p <.001, summer:

p <.001) and the week after (winter: p <.05-.001, summer: p <.001). They spent more time in bed

during the workweek, compared to the week before (winter: p <.001, summer: p <.01) and after

(winter: p <.001, summer: p =.37). Further, the workers had longer wake after sleep onset during the

workweek, compared to the week before (winter: p <.001, summer: p <.01) and the week after

(winter: p <.01, summer: p <.01). Finally, the workers had lower sleep efficiency during the work-

week recorded by actigraphy compared to the week before (winter: p <.01, summer: p <.001) and

the week after (winter: p <.01, summer: p <.001). According to the sleep diaries the total sleep time

was 7:17 h in the winter and 7:03 h in the summer season. Overall, the sleep was somewhat affected

during the workweek, with delayed sleep period, longer wake after sleep onset, and lower sleep

efficiency compared to when off work. However, the workers spent more time in bed during the

workweek compared to the weeks off, and they obtained over 7 h of sleep in both workweeks. Our

findings suggest that the pilots and the HCM sleep well during the workweek, although it affected

their sleep to some extent.

Introduction worker is biologically set to be awake, typically causing
sleepiness as well as insomnia (Rosenwasser and Turek
2015). Studies indicate that extended working hours are
associated with lower sleep efficiency and less total sleep
time (Rhéaume and Mullen 2018; Swanson et al. 2011).
Notably, sleep disruption has several well-known detri-
mental effects related to health, safety, and performance
(Folkard and Tucker 2003; Medic et al. 2017).
Helicopter Emergency Medical Services (HEMS) are
increasing becoming a part of the Emergency Medical
Service (EMS) throughout the world (Butler et al. 2010;
Taylor et al. 2011). The main indication for HEMS use is
severe disease or trauma of patients in need of advanced
medical treatment and/or rapid transport to hospital.
HEMS is an on-demand medical service, and for the
HEMS crew the shift work schedule entails work at
irregular hours. Although studies indicate that certain

Shift work can be defined as work whereby the workers
succeed each other at the workplace following certain
patterns, entailing work outside normal daytime, includ-
ing evenings, nights, and/or weekends (European
Directive 2003/88/EC 2003). Concerns regarding the
negative effects of shift work date back to the 13" cen-
tury (Bjerner et al. 1948). Shift work is associated with
acute sleep loss related to early morning and night shifts,
with reported reductions of 2-4 h following night shifts
(Kecklund and Axelsson 2016; Sallinen and Kecklund
2010). A characteristic of shift work is extended working
hours, often denoted as work beyond 48 h per week
(Harrington 2001). Such work schedules often imply
activity at a time when the internal circadian clock is
set at rest and inactivity, and sleep at times when the
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types of accidents, and consequently missions, could be
predicted to some extent (Folkard 1997; Manfredini
et al. 2009; Smolensky et al. 2015), generally there is
low predictability in terms of their quantity, type, and
duration. The organization of HEMS varies considerably
between countries regarding both work schedules and
settings. The work schedules of different HEMS in
Europe vary greatly — from 12, 24, and 48 h shifts in
Netherland and Finland (Radstaak et al. 2014; Sallinen
et al. 2018), and up to 7 consecutive 24 h shifts in
Norway and Austria (Zakariassen et al. 2019). Some
live on the helicopter base, while others commute
every day, and there are also differences regarding the
extent to which the crew takes on missions after dark
(Radstaak et al. 2014; Zakariassen et al. 2019).

HEMS operations in Norway are scheduled as 24 h
shifts over 7 consecutive d as an around-the-clock opera-
tion, with work periods generally being busier during
summer compared to winter (Luftambulansetjenesten
2020). During the 7 consecutive d shifts the workers
engage in on-call work and respond to incoming mis-
sions. This implies the crew lives on the base and takes on
missions 24/7 for one week. There is large seasonal varia-
tion in the duration of daylight in Norway. For example,
in the capital Oslo (59.91°N), duration of daylight in
November is ~8.5 h and in May it is ~16.0 h, whereas in
places north of 67.30°N there is polar night (winter) and
midnight sun (summer). Still, there is a dearth of studies
investigating what effect the work schedule has on sleep
and if this varies by season. HEMS operations add addi-
tional risk to patient and crew. Between 1% January 2014
and 30" of May 2020, the Accident Investigation Board
Norway (2020) identified 1 accident resulting in 2 fatal-
ities and 1 seriously injured. However, numbers of near-
misses are unknown. Given the large potential damage of
accidents in HEMS compared to ground-based EMS, this
is an area that demands attention. Lack of sleep alters
cognitive functions that could affect workers’ ability to
perform satisfactorily and may potentially compromise
safety (Monk and Folkard 1992). This could result in
detrimental effects for both crew and patients. Still, we
previously found HEMS crew members performed well
on a reaction time test throughout the workweek (Flaa
et al. 2019), suggesting that they were not sleep deprived.
More research on the effects of consecutive shifts and
long working hours on the sleep of pilots and HEMS
crew members (HCM) is deemed essential, and longitu-
dinal and multilevel studies on sleep in a work setting
have been called for in order to fill the knowledge gaps in
this research area (Litwiller et al. 2017).

Accordingly, the aim of the present study was to
examine sleep in pilots and HCM on 24 h duty for 7
consecutive d, during two different work periods

covering both the winter and summer season. We also
examined how total work time and workload affected
sleep variables during the workweek. In addition, we
studied sleep over three consecutive weeks including
the week at home before work, the workweek, and the
week at home after work, in both the winter and the
summer season. This enabled an examination of poten-
tial differences in sleep across the different weeks on and
off work across seasons.

Methods
Study setting

In the Norwegian Air Ambulance, shifts are arranged in
a 7d duty period followed by 14d off duty, before a new
7d duty period, followed by 21d off duty, period. The
shift schedule is identical in all bases involved in the
study. The crew lives together on the base during the
duty week and conducts on-demand missions around
the clock throughout the year. The duty week starts at
10:00 h on Monday morning and ends at 10:00 h follow-
ing Monday. Workers commute either the same day as
the shift starts or the day before. On the base, the crew
has access to all the necessary facilities, including
a kitchen, exercise room, and living room with TV.
Each worker has his/her own separate bedroom with
private bathroom, and can control the indoor light
using a switch, outdoor light by blackout curtains, and
temperature using a radiator. An operating fatigue risk
management system (FRMS) includes flight and active
work time limitations approved by the Civil Aviation
Authority of Norway. The FRMS comprises a human-
designed system based on institutional standards for
flight- and duty time limitations. Flight time includes
missions and training sessions. Active work time
includes flight time, administrative duties, technical
tasks, and rapid response car missions to locations
near the base. The limits for active work time are 14 h
over a consecutive 24 h period and 30 h over a 3d period.
The maximum flight time is 7 h over a 24 h period, 12 h
in a consecutive 48 h period, and 30 h over 7d. If the
active work time limit is reached within a 24 h period,
the crew (including both the pilot and HCM) must go off
flight duty for 8 h. If a crew reaches their limit, the
missions are allocated to the nearest base when appro-
priate. In 2015, the accessibility level was 98% (National
Air Ambulance Service of Norway 2015).

Procedure

Sleep data were collected over three consecutive weeks
(the week before work, the workweek, and the week after



work) in two separate periods, one in the winter
(October — December) and one in the summer season
(May - July). The pilots and HCM completed sleep
diaries and wore actigraphs every day throughout the 6
test weeks. On their first duty day, pilots and HCM also
completed a questionnaire assessing various sociodemo-
graphic variables. The total amount of time the worker
would need to complete the daily diaries was 5-10 min,
and, therefore, it was not thought to alter their habits
and behaviour notably.

Participants

The study took place in fall/winter of 2014 and spring/
summer of 2015. All pilots and HCM (n = 70) at the 9 air
ambulance bases in Norway operated by the Norwegian
Air Ambulance were invited to take part in the study.
One of the 9 bases was located in the northern part of
Norway, the remaining were located in Trondheim or
further south. In all, 61 (87%) workers participated in
the fall/winter data collection. Two participants were
excluded from the spring/summer data collection, due
to changes in their work responsibilities and organiza-
tional tasks inconsistent with the remaining sample.
Thus, 59 subjects were invited to participate in the
spring/summer data collection. A total of 50 (85% of
invited/71% of total) pilots and HCM participated in
this spring/summer data collection.

Instruments

Questionnaire

The questionnaire contained items assessing back-
ground and demographic variables, such as age (y), sex
(male/female), marital status (married/cohabiting yes/
no), children living at home (yes/no), second job (yes/
no), chronotype (1 - pronounced morning type - 5
pronounced evening type), smoking (yes/no), use of
sleeping aid (yes/no; which), and physical health (1
very good — 5 very poor). A question regarding sleep
need (in h) was also included. All descriptive data were
collected during the workweek in the winter season.

Sleep measured with sleep diary

Daily estimates of prior sleep periods were obtained with
a modified version of a sleep diary published by Morin
(1993). The sleep diary was completed after waking up
in the morning for three consecutive weeks in both data
collection periods. In all, 50 workers completed a sleep
diary in both data collection periods. Based on the diary
data, we calculated the crew’s bed time, wake-up time,
time in bed, wake after sleep onset, sleep efficiency (total
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sleep time as a percentage of time in bed), as well as total
sleep time.

Sleep measured with actigraphy

Sleep/wake profiles were measured by wrist actigraphy
(Actiwatch 2, Respironics Inc.), a device that has the size
and appearance of a wristwatch (CamNtech Ltd 2008).
The actigraph is considered to provide valid and accu-
rate estimates of sleep patterns in normal, healthy adults
(Sadeh et al 2011; Stone and Ancoli-Israel 2011).
Further, reliability of the actigraph is found to increase
with extended study length (> 5 d; Sadeh et al 2011). It
was programmed to record individual sleep/wake pro-
files continuously in 1-min epochs, using the medium
(default) threshold for sleep and wake period detection
provided by the software Actiware. For medium thresh-
old, the sensitivity threshold (number of activity counts
used to identify wake) was 40 per epoch. Sleep start and
sleep end threshold were 10 min of immobility. The
workers were instructed to wear the actigraph on the
wrist of the non-dominant arm continuously for all
three weeks, and to press an event button on the device
to indicate bedtime and wake-up time. Scoring was built
upon the steps proposed by Chow et al. (2016), includ-
ing a hierarchical approach emphasizing event markers
and then activity levels. For the actigraphs in the present
study, the light markers were not set up due to storage
limitations. Thus, the scoring was based on sleep diary
and activity level in those cases where the event markers
were absent (30% of the observations). To avoid over-
estimation of sleep length, the wake-up time was based
on self-reported wake-up time despite low activity level
in the absence of an event marker, as workers might stay
in bed after awakening. Variables such as bedtime,
wake-up time, time in bed, wake after sleep onset,
sleep efficiency, and total sleep time were calculated. In
total, 50 participants wore the actigraph throughout
both data collection periods, but due to technical and
user-related issues, data of only 46 out of the 50 acti-
graphs were eligible for inclusion in the analyzes.

Mission log

The Norwegian Air Ambulance provided a complete
overview of the total work time, missions, and training
sessions. Total work time represents the actual amount
of time spent on missions and training sessions. The
work time of a mission was calculated from when an
alarm went off to initiate the operation until the heli-
copter landed after the operation. The work time gener-
ated from a training session was calculated from the start
of the session to the time of landing back at the base. The
total work time variable applied in the analysis was
a combination of the two. The workload variable
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comprised the mean number of missions and training
sessions collapsed. Categorical variables were formed for
total work time and workload, based on tertiles in order
to examine how different levels of work time affect sleep
variables. Night work was defined as missions occurring
between 24:00 and 07:00 h, including missions that
started before, but ended after midnight. However,
a mission that started before 07:00 h but end after that
clock time, e.g., 05:00 and ended 08:00 h, was not cate-
gorized as a night mission.

Data analyzes

Continuous data are summarized as mean (+SD) for
symmetric data, median (quartiles) for non-symmetric
data, and categorical variables as numbers; n (%). In
order to explore the workers” sleep during the work-
weeks and the weeks off work, linear-mixed models
(LMM) were applied to generate unbiased estimates of
variance (West et al. 2014). LMM is a generalization of
traditional linear regression models, adjusting for the
inner correlation structure in the data that results from
multiple observations on the same individual. LMM for
the four variables of bedtime, wake-up time, time in bed,
and total sleep time as dependent variables were fitted.
The four sleep variables were examined for both sleep
diary and actigraphy data. Analyzes compared both the
sleep patterns between the two workweeks in winter
versus summer, and over three consecutive weeks
(before work, workweek, and after work) during the
winter season and the summer season, separately. Total
work time and workload were included as fixed factors
in the relevant analyzes, and the medium category was
set as the reference (based on tertiles). For the analyzes
over three weeks, the second week (workweek) was set as
the reference. From these analyzes, regression coeffi-
cients (unstandardized b-scores) were reported. Due to
skewed residuals for the sleep efficiency and wake after
sleep onset variables, a Mann-Whitney U test was
applied to examine sleep during the two workweeks
(winter vs. summer), and a Friedman ANOVA with
Wilcoxon post-hoc test was applied for the data analysis
over the three weeks, with Bonferroni correction for
multiple testing. For the latter analyzes, z-scores were
reported. p-values < .05 were considered statistically
significant. The statistical analyzes were conducted
using SPSS (version 25).

Missing data

Missing data on the sleep items comprised between 0.0%
and 11.9% for the sleep diary, and between 2.4 and
12.5% for actigraphy. Data were marked as missing in

the sleep diaries if the workers had forgot to fill out
certain columns. Data were marked as missing in the
actigraph recordings if the worker had removed the
actigraph, or due to technical issues related to the acti-
graph. Missing data were only calculated for the sleep
periods. Complete case analysis with more than 5%
missing data introduces bias of unknown direction and
magnitude (Dong and Peng 2013), and multiple impu-
tation was conducted in order to perform Friedman
ANOVA. Ten imputed datasets were generated based
on the distribution of the existing data, and results
averaged to one value. This was conducted individually
per worker for the relevant weeks (workweek for work-
week, etc.). Dependent variables included in the imputa-
tion were wake after sleep onset and sleep efliciency.

Ethics

The study was conducted in line with the Declaration of
Helsinki and was approved by the Regional Committee
for Medical and Health Research Ethics of Western
Norway (REK-Vest; project no. 2014/593), as well as
the Norwegian Social Data Service (NSD). It also fol-
lowed the ethical standards and methods outlined by
Portaluppi et al. (2010). All participants provided writ-
ten informed consent before participating.

Results
Descriptive statistics

A total of 25 pilots and 25 HCM took part in the study,
median (quartiles) age was 43 y (38-48 y), and all, but
one, participants were men (98%). The mean (SD) work
experience in the HEMS occupation was 9.4 (7.9)
y. Forty-five (90%) of the workers reported cohabitation
or marriage, and 39 (78%) had children living at home.
In all, 20 workers (40%) had a second job with the
percentage of full-time employment ranging from 2 to
50%. On the chronotype 14 workers (28%) reported
being neither morning nor evening type, 13 (26%)
were more morning than evening type, 13 (26%) were
more evening than morning type, 4 (8%) were morning
type, and 4 (8%) evening type. None of the workers were
smokers, while 1 worker (2%) used melatonin as
a sleeping aid. In all, 43 workers (90%) rated their
physical health as good or very good. The mean (SD)
self-reported sleep need (h:min) was 7:12 (0:45).

Workload and total work time

The mean (SD) workload in terms of number of mis-
sions during the workweek was 14.5 (7.3), ranging from



4 to 32, in the winter season, and 17.6 (6.3), ranging
from 5 to 30, in the summer season. Of these, night work
made up 1.8 (1.6) in the winter season, and 1.6 (1.1) in
the summer season. A total of 16% (winter season) and
6% (summer season) of the workers performed > 3
nighttime missions. Overall, the mean (SD) total work
time spent on missions and trainings sessions during the
workweek was 18:41 h (08:41 h) during the winter sea-
son, and 25:22 h (09:05 h) during the summer season.
The difference between the winter- and summer season
was statistically significant for both total work time and
workload (both p <.001).

Sleep during the workweek in the winter season
compared with the workweek in the summer season

Summary measures for sleep variables derived from
the sleep diary and actigraphy are presented in Table
1 and Figure 1. Bedtime was significantly later during
the workweek in the summer season than in the
winter season (sleep diary: p < .001, actigraphy:
p < .01; Table 2). Those with higher amount of
total work time had later bedtime in the summer
season as compared to those with medium amount
(sleep diary: b = 0.59, p < .001, actigraphy: b = 0.53,
p < .01), but those with lower amounts of total work
time did not have later bedtime (sleep diary:
b = -0.12, p = .45, actigraphy: b = -0.17, p = .33).
Workload did not affect bedtime, neither assessed by
sleep diary (lower category: b = —0.22, p = .20, higher
category: b = 0.22, p = .27) nor actigraphy (lower
category: b = -0.31, p = .10, higher category:
b = 0.35, p = .10). According to the sleep diary data
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only, workers spent less time in bed during the sum-
mer as compared to the winter season (p = .03).
During summer, those with higher workload spent
less time in bed compared to those with medium
workload (b = -0.61, p = .02), but not compared to
those with lower workload (b = —0.24, p = .31). There
was no difference regarding time in bed between the
total work time categories (lower category: b = 0.40,
p = .07, higher category: b = —0.13, p = .56). In
addition, there was no significant difference between
the winter season and summer season in terms of
wake-up time, wake after sleep onset, sleep efficiency,
or total sleep time. [Figure 1, Tables 1 and 2 near
here]

Sleep over three weeks during the winter season

Bedtime was significantly later during the workweek, com-
pared to the week before (sleep diary and actigraphy:
p < .001) and after work (sleep diary: p = .01, actigraphy:
p < .001; Table 2). Wake-up time was later during the
workweek, compared to the week before (sleep diary and
actigraph: p < .001) and after work (sleep diary and actigra-
phy: p <.001). Time in bed was longer during the workweek,
compared to the week before work (sleep diary: p < .001,
actigraphy: p < .01), but only significant for sleep diary after
work (p < .001). Wake after sleep onset was higher during
the workweek, compared to the week before (sleep diary and
actigraphy: p < .001) and after work (sleep diary and acti-
graphy: p < .01). For actigraphy data only, sleep efficiency
was lower during the workweek, compared to the week
before (p < .01) and after work (p < .01). Exclusively for
sleep diary data, total sleep time was longer during the

Table 1. Descriptive characteristics of sleep variables across three weeks during winter season and summer season.

Week before work Workweek Week after work
Sleep diary Actigraphy Sleep diary Actigraphy Sleep diary Actigraphy

Bedtime®

Winter 24:06 (1:16) 24:11 (1:21) 24:33 (1:20) 24:54 (1:30) 24:18 (1:19) 24:28 (1:47)

Summer 24:14 (1:112) 24:28 (1:17) 24:54 (1:18) 01:13 (1:23) 24:22 (1:23) 24:33 (1:19)
Wake-up time®

Winter 07:30 (1:16) 07:23 (1:23) 08:36 (1:26) 08:26 (1:25) 07:55 (1:26) 07:46 (1:30)

Summer 07:36 (1:21) 07:23 (1:25) 08:42 (1:34) 08:37 (1:37) 07:56 (1:25) 07:48 (1:23)
Time in bed”

Winter 7:41 (1:13) 7:12 (1:21) 8:16 (1:28) 7:31 (1:30) 7:53 (1:14) 7:21 (1:22)

Summer 7:39 (1:22) 6:55 (1:12) 8:01 (1:38) 7:23 (1:34) 7:53 (1:23) 7:14 (1:17)

Wake after sleep onset®

Winter 0:05 (0:00-0:15) 0:40 (0:29-0:55) 0:05 (0:00-0:30) 0:44 (0:30-1:15) 0:05 (0:00-0:15) 0:41 (0:28-1:01)

Summer 0:05 (0:00-0:11) 0:36 (0:26-0:48) 0:05 (0:00-0:20) 0:44 (0:28-1:16) 0:05 (0:00-0:15) 0:40 (0:28-0:56)
Sleep efficiency”

Winter 92.5 (87.0-95.5) 86.6 (81.8-89.9) 92.5 (85.7-96.3) 84.4 (75.6-89.3) 93.0 (86.5-96.0) 85.5 (79.8-89.7)
Summer 93.4 (88.7-96.1) 87.4 (83.4-90.8) 91.9 (84.1-96.0) 85.4 (76.7-89.4) 93.7 (88.1-96.4) 86.2 (82.0-90.5)
Total sleep time°

Winter 6:54 (1:17) 6:05 (1:22) 7:17 (1:26) 6:01 (1:24) 7:05 (1:17) 6:09 (1:23)

Summer 6:55 (1:21) 5:59 (1:12) 7:03 (1:30) 5:57 (1:27) 7:08 (1:33) 6:09 (1:16)

The sleep variables derive from sleep diary and actigraphy.

All sleep variables are presented in h:min format, except for sleep efficiency which is presented in percentages.

“Mean (SD)
"Median (quartiles)
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Figure 1. Mean scores of bedtime and wake-up time over three weeks during winter and summer season, measured by a) sleep diary

and b) actigraphy. Error bars represent standard error.

Table 2. Estimates and standard scores for sleep variables between winter season and summer season workweek, and during the week

before work, the workweek, and the week after work.

Workweeks

Three-week period

Winter season Summer season’

Sleep diary
Bedtime® —.359%%%
Wake-up time® -.089
Time in bed® .263*
Wake after sleep onset” -.033
Sleep efficiency -722
Total sleep time® 212

Actigraphs
Bedtime® —.339%*
Wake-up time® -.198
Time in bed® 134
Wake after sleep onset® —477
Sleep efficiency —-.781
Total sleep time® .054

Week before work Workweek Week after work
Winter Summer Winter Summer
—A17*** —.676%** —-.220% —.569%**

—1.079*** —1.078*** —.663%** —.764%%*
—.588%** —.340% —.393%** —-.104
—4.039*** —3.469** —3.704** —3.747**
—.524 -2.237 —1.680 —-1.837
—.409%** =132 —.229% .080
—.694*** —.764%** —.483%** —.685%**
—1.027*** —1.220%** —.629%** —.859%**
—327*%* —461%%* -.163 —-.164
—4.604*** —5.286*** —3.753** —4.987%**
—3.069** —4.769*** —2.947** —4.968***
.069 .015 141 154

*p < 0,05, * p <001, ** p < 0,001
The sleep variables derive from sleep diary and actigraphy.
The reported values are unstandardized b-scores from Linear Mixed Models.

"The reported values are z-scores from Mann Whitney U and Friedman ANOVA, post-hoc Wilcoxon. T Represents the reference groups.

workweek, compared to the week before (p < .001) and after
work (p = .02).

Sleep over three weeks during the summer season

Bedtime was significantly later during the workweek,
compared to the week before (sleep diary and

actigraphy: p < .001; Table 2) and after work (sleep
diary and actigraphy: p < .001). Wake-up time was
later during the workweek, compared to the week before
(sleep diary and actigraph: p < .001) and after work
(sleep diary and actigraphy: p < .001). Time in bed was
longer during the workweek, compared to the week
before (sleep diary: p < .01, actigraphy: p < .001), but



not the week after work. Wake after sleep onset was
higher during the workweek, compared to the week
before (sleep diary: p < .01, actigraphy: p < .001) and
after work (sleep diary: p < .01, actigraphy: p < .001). In
line with actigraphy (not sleep diary) data, sleep effi-
ciency was lower during the workweek, compared to the
week before (p < .001) and after work (p < .001). There
was no significant difference in total sleep time between
the three weeks.

Discussion

In the present study, we examined sleep in pilots and
HCM, comparing two workweeks, one in the winter and
one in the summer season. Additionally, we also inves-
tigated sleep over 3 consecutive weeks; the week before
work, the workweek, and the week after work, during
both seasons.

During the workweeks, workers went to bed later and
spent less time in bed in the summer compared to the
winter season. Several factors can explain this. The gen-
eral Norwegian population has been found to be 14%
more active during the summer than during the winter
season (Hansen et al. 2015), which could lead to more
accidents and thus more missions and active work hours
for the pilots and HCM. Later bedtime and less time in
bed could thus be due to missions appearing at late
hours, and therefore delay bedtime. This is also reflected
by our findings showing a higher prevalence of missions,
workload, and total work time during the summer com-
pared to the winter season. More specifically, we found
that total work time was positively associated with bed-
time. Workload was inversely associated with time in
bed. Considering bedtime, previous studies on seasonal
change in sleep show mixed results. Some studies have
found later bedtime in the winter season (Friborg et al.
2012; Hashizaki et al. 2018), whereas other corroborate
the present findings, showing later bedtime during sum-
mer (Garde et al. 2014; Quante et al. 2019). However, it
should be noted the samples of the above-mentioned
studies, in contrast to the sample in the current study,
were mainly comprised of daytime workers and adoles-
cents. It can be assumed that lack of morning light in the
winter as well as evening light exposure in the summer
may delay the circadian rhythm (Khalsa et al. 2003).
Hence, differences in timing of light exposure and lati-
tude may explain the previous conflicting results. As
there are large variations in hours of daylight across
the country, in both seasons, there could be more pro-
nounced seasonal effects for the workers living and
working in areas with particularly reduced or increased
hours of daylight. Future studies should therefore
explore if the impact of season on sleep is moderated
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by latitude. In the present study, the latest mean bedtime
recorded by actigraphy was 01:13 h during the summer
season. Consequently, the overall bedtime is not very
late regarding the work setting. Considering seasonal
variation related to time in bed, previous studies indicate
more time spent in bed during winter, corroborating the
present findings (O’Connell et al. 2014).

There were some novel findings between the work-
week and off weeks (before and after) in both seasons,
showing workers delayed the sleep period during both
workweeks. As previously discussed, missions in the
evening and night can contribute to later bedtimes.
One could also speculate that absence of early morning
missions could enable the workers to sleep in, explaining
this delay. Yet, the evidence suggests there were not
many night missions (mean number 1.8 per workweek
in the winter season and 1.6 per workweek in the sum-
mer season). The social effect of living together with
colleagues on the base could also affect sleep habits in
the absence of missions and social obligations from the
family, where the crew could delay their sleep period
similar to what normal daytime workers are able to do
on the weekends (Petersen et al. 2017).

For both the winter and summer season, longer wake
time after sleep onset and lower sleep efliciency were
reported during the workweek compared to off weeks.
Although the number of night missions was low, the
crew still received potential missions and calls that
would wake them during the night, thus contributing
to more frequent nocturnal awakenings and lower sleep
efficiency. Additionally, results from on-call experimen-
tal field studies have indicated that wake after sleep onset
increases and sleep efficiency decreases in on-call
groups, even when calls did not occur, probably because
their mere anticipation (i.e., of missions) increased
wakefulness (Wuyts et al. 2012; Ziebertz et al. 2017).
Receiving calls that are cancelled and the mere possibi-
lity of calls on base could hence explain our results.
However, we do not have data on received calls on
base. Further, the results for sleep efficiency were
found only for actigraphic data; thus, these results
must be interpreted with prudence.

Despite delaying the sleep period, experiencing
increased wake after sleep onset, and decreased sleep
efficiency, the workers reported higher total sleep time
during their workweek. This is opposite to what one
might expect considering the literature linking shift
work to reduced sleep length (Hirma et al. 2018;
Swanson et al. 2011). However, prolonged sleep was
only found for the winter season, where the number of
missions was lower compared to the summer season.
Fewer missions and less daylight could enable the work-
ers to sleep in if early morning missions or calls were
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absent. This is contrary to previous studies where no
difference between seasons was reported regarding sleep
duration (Friborg et al. 2012; Garde et al. 2014), while
a literature review of clinical reports concluded mixed
results concerning the effect of season on sleep duration
(Jay et al. 2015). More missions and daylight during the
summer season may diminish the difference in sleep
length between the workweek and off weeks, which
might explain why sleep duration was found to be ele-
vated during the workweek during winter, only. One
could further speculate that more missions lead to
more rumination, which has been found to explain the
association between work stressors and poor sleep in the
Dutch HEMS (Radstaak et al. 2014). If workers experi-
enced more rumination during their busier summer
than winter season, this could explain why the difference
between the off weeks and workweek was not evident
during the summer season. However, the total amount
of sleep the workers obtained in the summer season was
7:03 h, indicating the sleep duration was within normal
limits (Hirshkowitz et al. 2015). It should also be noted
this finding was only evident in the sleep diary data, and
the difference in total sleep time between the two work-
weeks was only 14 min. The self-reported sleep need was
7 h and 12 min. When we analyzed the total sleep time
obtained across the 3 weeks in both seasons from the
sleep diary (Table 1), it was evident the workers obtained
the least amount of sleep during the week before work.
The workweek and week after work were more alike in
terms of total sleep time. Interestingly, the workers slept
longer than their self-reported sleep need during the
workweek in the winter season. The findings suggest
the workweek did not reduce total sleep time, when
comparing it to the weeks at home.

The workers increased their time spent in bed during
both workweeks, where the difference was more distinct
when comparing the workweek to the week at home
before work. This supports the finding for sleep duration
during the workweek in the winter season. Considering
the summer season, spending more time in bed despite
no difference between the weeks in terms of sleep length
could indicate that the workers were busier and had
somewhat more disrupted sleep during the workweek
of this season. Nonetheless, they still spent 8 h in bed,
sleeping 7 of these during the summer season. The
average nocturnal sleep duration for Norwegian men is
6:52 h (Ursin et al. 2005), suggesting that adequate
amounts of sleep seemed to have been obtained.
A previous study comparing Norwegian and Austrian
HEMS pilots found that 24% of the Austrian and 71% of
Norwegian pilots report using sleep as a mitigating mea-
sure against sleepiness, suggesting on-duty Norwegian
pilots are better at using sleep facilities when needed

(Zakariassen et al. 2019). Additionally, 78% of the work-
ers in the present study had children living at home and
40% kept a second job during their weeks off work.
Living on the base during the workweek could, there-
fore, possibly protect against such domestic, social, and
work obligations at home. Given the selection criteria
(educational and health) required to fulfill the job
demands in this occupation, these workers represent
a highly selected group. Further, workers also had ~9
y of experience, which could indicate they are tolerant to
the demands of this unique occupation and thus be
representative of a survival cohort, and as such may
serve as a mitigating effect. This, together with well-
equipped and separate sleep-facilities, could help pre-
serve sleep despite the potential effect of pending calls
and other mission-related activities during the night.

In summary, the HEMS workers seemed to be well
adjusted to the work setting despite sleep being affected
to some extent. This is in line with other studies suggest-
ing that workers adapt to work settings that require
changes in sleeping conditions and location (Bjorvatn
et al. 2006; Forberg et al. 2010). However, one needs to
be aware of workers who have short and fragmented
sleep. Thus, there is a need in operative occupations for
constant development of fatigue risk management sys-
tems that may detect and mitigate the risk for these
cases. Hence, fatigue risk management systems should
continue to develop in order to minimize the potential
harm that work schedules and settings pose for the crew
and patients’ safety.

Strengths and limitations

Several strengths and limitations of the present study
deserve mention. The sample was predominantly male,
with only one female participant. This was expected, as
the HEMS is a male-dominant occupation. However,
one must take caution generalizing the findings to
other populations with higher numbers of females.
Also, as the crew live and work together during their
workweek, it would be also of interest to measure social
interaction and its potential effect on sleep. Of all 9
bases in the study, one was located in the north of
Norway, while the remaining was located in the
south. There are large variations in hours of daylight
between north and south, thus potential differences in
this regard are unaccounted for in the analyzes.
However, as we wanted to examine this occupational
group collectively, use of data from all bases was
deemed essential. Thus, the results must be interpreted
with cation. Another limitation is lack of information
about home versus base location, between which there
could be variations in daylight, potentially affecting our



findings. Further, the findings in the present study
could also be influenced by the “healthy worker effect”,
as the workers are a cohort who cope well with the shift
schedule and are individuals who are not assumed to
self-select out of this work setting. Being workers in the
air ambulance services, an additional resilience could
be present given the choice of the air ambulance work
compared to other types of work. The focus of the
present study was to investigate how sleep at the
group level was influenced by work and free periods
as well as season. We acknowledge that in the occupa-
tional group studied there might be individual differ-
ences in sleep in general and also when it comes to the
impact of work and free periods as well as season.
Future studies should, therefore, investigate individual
differences regarding this. The coherence between sleep
diaries and the actigraphic recordings was not always
good. There were discrepancies, both minor and major.
Compared to the sleep diary data, actigraphy measures
were consistently later for bedtime, earlier for wake-up
time, and higher for wake after sleep onset and the
number of awakenings, and lower for time in bed,
total sleep time, and sleep efficiency. Such discrepancies
have been reported previously by others (Curtis et al.
2019; Matthews et al. 2018). The actigraph scores sleep
solely based on movement and could, therefore, affect
how well it detects sleep and wakefulness. Generally,
studies show that actigraphy has reasonably good sen-
sitivity (ability to detect sleep), but rather poor specifi-
city (ability to detect wake) (Sivertsen et al. 2006),
although this is dependent both on the nature of the
hardware and software (interpretative algorithms) used
to the derive sleep parameters (Haghayegh et al. 2019).
The threshold settings could also affect correspondence
with diary data, where for the former we applied the
default threshold. However, it is difficult to know which
parameters, actigraphy or diary, have the largest bias.
For this reason, the combination of both can provide
valuable insight into sleep and awake periods. Further,
the scoring of the actigraphs was based on bedtimes/
rise times from the sleep diary data when event marker
on the actigraphs were lacking. Although this was done
according to guidelines that have been used in previous
studies (Biddle et al. 2015), one could argue that acti-
graphy data by this process become less objective.
However, the actigraph is still a widely used method
for investigation of sleep and can be useful as long as
one takes caution when interpreting the findings
(Ancoli-Israel et al. 2003). The use of both subjective
and objective measures is also regarded as a strength, as
it provides a more nuanced insight into the workers’
sleep. Further, including objective sleep measures could
help compensate for potential response biases in
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participants’ self-reported measures. Longitudinal data
collection over 6 weeks in total represents another asset
of the present study, as it enabled an investigation of
sleep across several weeks before, during, and after
work across two seasons. This field study also provided
insight into an occupational group that is challenging
to study, which represents an important ad-on to the
literature.

Conclusion

The findings indicate a few seasonal differences in sleep,
albeit sleep by and large was within normal values dur-
ing both seasons. Sleep seemed to be somewhat more
disrupted, and the workers had lower sleep efficiency,
during workweeks than on off weeks according to the
actigraph data. However, workers spent more time in
bed at work compared to off work periods and even slept
more during the workweek compared to off time during
the winter season. Despite findings that the work setting
affected sleep to some extent, the sleep variables overall
suggest workers coped well with the duty schedule.
Nevertheless, internal fatigue risk management systems
should be continuously evolving in order to detect and
handle individual cases of poor sleep that may be hidden
by the averages.
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Abstract: The study examined sleep and sleepiness among shift working Helicopter Emergency
Medical Service pilots from Norway (Norwegian Air Ambulance; NAA) and Austria (Christophorus
Flugrettungverein; CFV). Both pilot groups (N = 47) worked seven consecutive 24 h shifts. Sleep was
assessed by diaries and actigraphy while sleepiness was assessed by the Karolinska Sleepiness Scale,
all administered throughout the workweek. The results indicated that all pilots had later bedtime
(p < 0.05) and wake-up time (p < 0.01) as they approached the workweek end, but no change during
the workweek was evident regarding wake after sleep onset, time in bed, total sleep time, or sleep
efficiency. The NAA pilots had later bedtime (p < 0.001) and wake-up time (p < 0.001), spent more
time awake after sleep onset (p < 0.001), more time in bed (p < 0.001), slept longer (p < 0.01), and had
lower sleep efficiency (p < 0.001) compared with the CFV pilots. The sleepiness levels of all pilots
were slightly elevated on the first workday but lower on the following workdays (42Y 2 p < 0.001,
day 3 1) < 0.05). For both pilot groups, no major change in sleep or sleepiness parameters throughout
the workweek was detected. The NAA pilots reported somewhat more disturbed sleep but obtained
more sleep compared with the CFV pilots.

Keywords: sleep; sleepiness; shift work; long working hours; successive shifts; HEMS; air ambulance;
somnolence; fatigue

1. Introduction

Shift work is denoted as work that takes place at irregular hours, including evenings,
nights, and weekends [1]. Long working hours represent one aspect of shift work and
is often defined as work that exceeds 48 h per week [2]. Shift work and long working
hours are associated with sleep loss, decreased job performance, and an increased rate of
occupational accidents [3,4].

The Helicopter Emergency Medical Service (HEMS) represents a component of avia-
tion whose primary function is to serve patients with severe disease or trauma, by providing
rapid transport to hospital and/or transport of an anesthesiologist and HEMS crew mem-
bers to the site [5,6]. HEMS is an on-demand service with an inherent urgency when
missions occur. This entails taking on missions at any hour with potential challenging
weather conditions, and operations are often conducted in rough and hostile terrains with
an increased risk of accidents [7,8]. In Europe, the organization of HEMS varies in terms
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of scheduling and setting, ranging from 12 h shifts to seven consecutive 24 h shifts [9,10].
The Norwegian Air Ambulance (NAA) and the Christophorus Flugrettungverein (CFV) in
Austria are two of few HEMS operators in Europe that share the same seven consecutive
24 h shift schedule, where the workers are stationed at the base during the workweek.
However, the NAA operates 24/7 in contrast to the CFV that only takes on missions during
daylight [10]. The latitude in Norway ranges from 58°03’ N to 70°66’ N while the Austrian
latitude ranges from 46°53' N to 48°82’ N.

The limited body of research that exists on sleep in HEMS shows ambiguous find-
ings. As sleep loss and sleepiness are notable occupational hazards in aviation [11], more
knowledge about sleep in HEMS is warranted. In terms of shift arrangement, one study
suggested that a 7-day work period resulted in cumulative sleep loss of approximately
15 h [12], whereas another study found only 30 min of sleep debt following 24 h shifts [13].
An American study found poor sleep quality in 50% of the workers during 12 h and 24 h
shifts. Nevertheless, they found no change in cognitive performance during the same
shifts [14]. However, 84% of HEMS pilots working at least three consecutive 12 h day shifts
reported that fatigue had affected their flight performance. Half of the pilots reported
obtaining 4 h or more of sleep per day [15]. Previous findings for Norwegian HEMS
crew revealed low sleepiness levels and a daily average of 7 h of sleep during workweeks.
However, wake after sleep onset was longer and sleep efficiency was lower during the
workweek, compared with weeks off work [16,17]. A comparative study indicated that
there exist some differences between the NAA and CFV pilots regarding use of sleepiness
strategies and elements that prevented napping at work. To prevent sleepiness, the NAA pi-
lots napped and exercised, while the CFV pilots generally kept busy. Furthermore, the CFV
pilots more frequently reported that environmental factors, phone calls, and administrative
duties prevented napping [10].

Consequently, more research of sleep and sleepiness measures in relation to work
hours in this occupational group is deemed necessary. A multicenter design provides
a unique opportunity to gain insight into how the work setting and schedule affect the
workers’ sleep. Thus, the aim of the present study was to examine and compare sleep
and sleepiness in HEMS pilots in two European countries working 24 h shifts for seven
consecutive days. In addition, we examined whether the number and/or duration of
missions affected sleep and sleepiness across the two pilot groups.

2. Materials and Methods
2.1. Participants

The study was conducted in Norway during the spring/summer of 2015 and in
Austria during the spring/summer of 2016. For the present data collection, 29 pilots
working on all nine Norwegian bases operated by the Norwegian Air Ambulance were
invited to participate. Of these, 25 provided data that were eligible for analyses, yielding a
response rate of 86%. A collaboration with the Austrian Christophorus Flugrettungverein
was established in order to conduct a multicenter study on HEMS pilots with the same
work schedule and using the same instruments. In Austria, 24 CFV pilots were invited to
participate, comprising a representative sample of both rural and urban bases. Of these,
22 CFV pilots provided data that were eligible for inclusion, yielding a response rate of 92%.

2.2. Procedure

For the NAA pilots, the shift schedule comprised a 7 day work period followed by
14 days off work, then a new 7 day work period followed by 21 days off work. The
workweek started and ended at 10:00 h on the first and seventh workday, respectively. The
NAA takes on missions at all hours throughout the year. During the workweek, the pilots
live together with the crew on a base that is fully equipped with all necessary facilities,
including separate bedrooms with private bathrooms. For the CFV pilots, the shift schedule
consisted of a 7-day work period followed by 7 days off work, then a new 7-day work
period and 7 days off work. The workweek started at sunrise (06:00 h earliest) on the first
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workday and ended at sunset (21:00 h latest) on the seventh workday. The workers in
Austria only perform missions initiated at daylight. During the workweek, the CFV pilots
live together with the crew on a base, equipped with single bedrooms and enclosed private
bathrooms. Those who live in proximity to the base (<30 min) have the option of spending
the night at home. The fatigue risk management systems include flight and duty time
limitations approved by the Civil Aviation Authority in Norway for NAA and the Austrian
National Aviation Authority (Austro Control) for CFV (for details, see [10]).

2.3. Measures
2.3.1. Questionnaire

A questionnaire assessing demographic and background information was completed
on the first workday. It included information regarding sex, age, years in position, caffeine
intake at work (number of cups), sleep need (h), and the question “do you experience sleep
problems related to your work schedule?” (1 = no to 5 = very much).

2.3.2. Mission Log

Both the NAA and CFV staff provided a daily overview of the number of missions
and total time spent on missions for each worker. The total time spent on missions was
recorded from the time an alarm initiated a mission until the workers landed back at base.
As the NAA pilots also performed training sessions during the workweek, time spent on
this activity was included in their data in order to calculate the total workload.

2.3.3. Sleep Diary

The sleep diary was completed upon awakening in the morning on all seven workdays.
Sleep variables such as bedtime, wake-up time, wake after sleep onset, time in bed, total
sleep time, and sleep efficiency (total sleep time/time in bed x 100) were calculated
based on the diaries. In total, 45 out of 47 participants completed the sleep diary during
the workweek.

2.3.4. Actigraphy

The workers wore an actigraph (Actiwatch 2, Respironics Inc., Cambridge, MA, USA),
a device with the size and appearance of a watch, on the non-dominant wrist that records
activity and movement continuously [18]. Based on these data, algorithms estimate sleep
and wake profiles. The actigraphs recorded these individual profiles in 1 min epochs ap-
plying the default (medium) threshold for sleep/wake detection provided by the Actiware
software. For the medium threshold, the number of activity counts used to identify wake
(sensitivity threshold) was 40 counts per epoch, whereas the sleep start/end threshold
was 10 min of inactivity/activity. The workers were instructed to wear the actigraph
continuously throughout the workweek. The scoring was based on the steps proposed
by Chow and colleagues [19], including a hierarchical approach first emphasizing event
markers and activity levels. In the cases where the event marker was absent (35% of NAA
observations/18% of CFV observations), sleep diary and activity levels were used to set
sleep times. Bedtime, wake-up time, wake after sleep onset, time in bed, total sleep time,
and sleep efficiency were calculated by the Actiware software. Due to technical problems,
data from one actigraph was excluded from the analysis.

2.3.5. Karolinska Sleepiness Scale

Sleepiness was assessed by the Karolinska Sleepiness Scale (KSS) [20], which is a
9-point scale measuring subjective sleepiness (1 = very alert to 9 = very sleepy, great effort
to stay awake, fighting sleep). Scoring seven or more indicates excessive sleepiness. The
participants completed the KSS every other hour while awake throughout the workweek.
Mean scores were extracted for the individual workday throughout the workweek but
scores at every time point (every second hour awake between 08:00-00:00 during the
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workdays) were also noted. The KSS was completed by all 47 participants during the data
collection period.

2.4. Data Analyses

Categorical variables are presented as numbers and percentages; n (%), whereas
continuous variables are presented as mean (standard deviation [SD]) for symmetric data,
and median (quartiles) for asymmetric data. The statistical analyses were conducted using
Stata 16.1. Regarding the question about sleep problems related to the work schedule, none
of the pilots ticked for the response options ‘much’ or ‘very much’. The response alternatives
‘very much’, ‘much’, ‘a little’, and ‘some” were merged into ‘yes’, and the variable was
dichotomized into “yes” and ‘no’ before conducting statistical analysis. Fisher’s exact test
was applied to examine differences between the countries in terms of sleep problems and
sex, due to tables containing cells with a frequency <5 and a low sample size. Student’s
t-tests were applied to explore differences in age, sleep need, and caffeine intake, whereas
Mann-Whitney U tests were used to compare differences in median values regarding years
in position between the countries. The latter was also applied for analysis pertaining to
the number and duration of missions. Linear mixed models (LMM) were used to analyze
the sleep and sleepiness variables over the course of a workweek, both with NAA and
CFV collapsed and separately for each crew. Specifically, the sleep variables bedtime,
wake-up time, wake after sleep onset, time in bed, total sleep time, and sleep efficiency
based both on sleep diaries and actigraphy were included as dependent variables. The KSS
was fitted as the dependent variable for exploring sleepiness. Day (1-7) and time (only
KSS; 08:00-00:00 h) were included in the models as a fixed factor with day 1 and 08:00 h as
references, whereas subjects were included as a random factor in all analyses. Number of
missions and time spent on missions were inserted as covariates. The statistical significance
level was set at p < 0.05.

2.5. Missing Data

Both sleep diary data and KSS data were marked as missing if the worker failed to
fill out certain time points or columns and when technical issues prevented data collection
or extraction from the actigraphs. For all variables, the number of missing entries was not
higher than 6%.

2.6. Ethics

The study protocol was reviewed and approved by the Regional Committee for Medical
and Health Research Ethics, health region West, Norway (no. 2014/593). No additional ethical
approval was needed by the corresponding Austrian authorities (415-EP/73/671-2016).

3. Results
3.1. Descriptive Statistics

Descriptive data are presented in Table 1.

Twenty-five NAA pilots (24 males/one female) and 22 CFV pilots (all males) partici-
pated in the study. The mean age was 43.6 (SD = 5.2) years for the NAA pilots and 42.8
(SD = 6.1) years for the CFV pilots. There was no significant age difference between the two
crews (f = 0.457, p = 0.650). Similarly, no differences were evident between the pilot groups
regarding sleep need (p = 0.225) or sleep problems related to work schedule (p = 0.144).
However, the NAA pilots reported drinking more caffeinated beverages at work compared
with the CFV pilots (p < 0.01), while the CFV pilots had more years in the same position
compared with the NAA pilots (p < 0.05).
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Table 1. Descriptive statistics of years in position, caffeine intake at work, sleep need, and sleep
problems related to work schedule for pilots in The Norwegian Air Ambulance (NAA; n = 25) and

Christophorus Flugrettungverein (CFV; n = 22).

NAA CFV NAA CFV NAA CFV
n (%) Mean (SD) Median (IQR) Statistic p-Value
Years in position (1 = 47) 5(3.5-7) 10.5 (5-15) —2.182 0.029°
Caffeme(:‘fi‘; atwork 458(042)  3.05(0.36) 273¢ 0.009 ¢
0 cups 1 (4.0) 3 (13.6)
1-2 cups 2(8.0) 3 (13.6)
3-4 cups 7 (28.0) 11 (50.0)
5-6 cups 10 (40.0) 4(18.2)
>7 cups 5(20.0) 1(4.6)
Sleep need S (n = 44) (gggé) (83;2) -1.23¢ 0.2254
Sleep problems related to 0231 ¢
work schedule (n = 45) .
Yes 7 (28.0) 11 (50.0)
No 18 (72.0) 11 (50.0)

§ hh:mm, @ z value, ? p-value based on Mann-Whitney U, € t-value, and d p-value based on Student’s t-test,

¢ p-value based on Fisher’s exact test.

3.2. Number of Missions and Time Spent on Missions

For the NAA pilots, the median (quartiles) number of missions during the workweek
was 19 (13-22), ranging from 7-30, whereas the corresponding numbers for the CFV pilots
were 26 (21-30), ranging from 15-51, which amounted to a significant difference in the pilot
groups (z = —3.25, p < 0.01). In total, 42 (9%) of the NAA pilots” missions were classified as
night missions (between 00:00-07:00 h). For the NAA pilots, the median (quartiles) time
spent on missions during the workweek was 23.3 h (19.1-32.9), ranging from 13.2-48.0, and
23.7 h (19.4-29.5), ranging from 15.4-58.3, for CFV pilots, however, this difference was not
significant (z = —0.023, p = 0.981).

3.3. Sleep Measured throughout the Workweek

Sleep diary and actigraphy data are presented in Tables 2 and 3 and Figures 1-5.
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Figure 1. Mean scores of bedtime and wake-up time during a 7-day workweek among pilots in
the Norwegian Air Ambulance (NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22),
and both groups collapsed, measured by (A) sleep diary and (B) actigraphy. Error bars represent
standard deviations.
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Figure 2. Median scores of wake after sleep onset during a 7-day workweek among pilots in the
Norwegian Air Ambulance (NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22), and both
groups collapsed, measured by (A) sleep diary and (B) actigraphy. Error bars represent quartiles.
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(A) Time in bed
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Figure 3. Mean scores of time in bed during a 7-day workweek among pilots in the Norwegian
Air Ambulance (NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22), and both groups
collapsed, measured by (A) sleep diary and (B) actigraphy. Error bars represent standard deviations.

Total sleep time

(A)

(B)

Figure 4. Mean scores of total sleep time during a 7-day workweek among pilots in the Norwegian
Air Ambulance (NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22), and both groups
collapsed, measured by (A) sleep diary and (B) actigraphy. Error bars represent standard deviation.
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Figure 5. Median scores of sleep efficiency during a 7-day workweek among pilots in the Norwegian
Air Ambulance (NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22), and both groups
collapsed, measured by (A) sleep diary and (B) actigraphy. Error bars represent quartiles.

3.3.1. Bedtime and Wake-Up Time

For both pilot groups collapsed, bedtime and wake-up time measured with sleep
diaries were consistent throughout the workweek, except for day 7 which had later bedtime
and wake-up time compared with the reference day (day 1) (Table 2, Figure 1). Bedtime and
wake-up time measured with actigraphy revealed a consistency the first five days, followed
by later bedtime and wake-up time on day 6 and 7 compared with the reference day
(Table 2, Figure 1). A difference between the pilot groups was evident, where NAA pilots
had later bedtime (412 NAAQQ:57 h vs. FV23:10 h, b = —1.67, p < 0.001, 2<tigraphy NAA(1.09
hvs. ©V23:26 h, b = —1.73, p < 0.001) and wake-up time (427Y NAA(8:38 h vs. CFV05:47 h,
b=—-273, p <0.001, 2tigraphy NAA(8:3) 1y vs, CFV(5:40 h, b = —2.85, p < 0.001) compared
with the CFV pilots.

For the NAA pilots, there was no change in bedtime or wake-up time throughout the
workweek as measured with the sleep diary. Bedtime and wake-up time measured with
actigraphy revealed a consistency the first four days of the workweek, but were later on
day 5 and 6, whereas wake-up time was earlier on day 7 compared with the reference day
(Table 2, Figure 1). The number of missions neither affected bedtime or wake-up time, but
the duration of missions was positively associated with later bedtime (assessed with both
sleep diary and actigraphy) and wake-up time (sleep diary) (Table 3). For the CFV pilots,
no change in bedtime and wake-up time throughout the workweek was evident, except
for day 7 which was delayed compared with the reference day (Table 2, Figure 1). The
number of missions did not affect bedtime or wake-up time. The duration of missions was
positively associated with later bedtime (sleep diary and actigraphy) and wake-up time
(actigraphy) (Table 3).

3.3.2. Wake after Sleep Onset, Time in Bed, Total Sleep Time, and Sleep Efficiency

Wake after sleep onset, time in bed, total sleep time, and sleep efficiency were all consis-
tent throughout the workweek for both pilot groups collapsed (Table 2, Figures 2-5). A dif-
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ference between the pilot groups was evident, where the NAA pilots spent more time awake
after sleep onset (4127 NAA(0:05 h vs. CFY00:00 h, b = -.417, p < 0.001, 2°tigraphy NAA((:43 1y
vs. ©V00:34 h, b = —0.498, p < 0.001), more time in bed (412 NAA(Q7:56 h vs. CFV06:45 h,
b=—1.17, p < 0.001, 2tigraphy NAAG7:03 |y vs. CFV06:14 h, b = —1.12, p < 0.001), slept longer
(diary NAAQG:58 h vs. CFV06:22 h, b = —0.508, p < 0.01, actigraphy NAAQ5.58 h vs, CFV05:22 h,
b = —0.670, p < 0.01), and had lower sleep efficiency (4127y NAAG1 7% vs. CFV95.6%, b = 7.29,
p < 0.001, 2ctigraphy NAAGS 49, vs, CFV97.3%, b = 17.0, p < 0.001) compared with the CFV pi-
lots. For the NAA pilots, no change in wake after sleep onset or sleep efficiency was evident
throughout the workweek. Time in bed and total sleep time were consistent throughout the
workweek, except for day 7 where the scores were lower compared with the reference day
(Table 2). The number of missions neither affected wake after sleep onset or sleep efficiency,
however, the duration of missions was negatively associated with wake after sleep onset
(sleep diary) and positively associated with sleep efficiency (sleep diary). Neither number
of missions or duration of missions affected time in bed and total sleep time (Table 3).

For the CFV pilots, no changes in wake after sleep onset or sleep efficiency were
evident throughout the workweek. Time in bed and total sleep time were consistent
throughout the workweek, except for day 7 where the scores were higher compared with
the reference day (Table 2, Figures 2-5). Number of missions was positively associated with
sleep efficiency (actigraphy), but not related to wake after sleep onset, time in bed, or total
sleep time. Duration of missions neither affected wake after sleep onset, time in bed, total
sleep time or sleep efficiency irrespective of instrument used (Table 3).

3.4. Sleepiness Measured throughout the Workweek
Karolinska Sleepiness Scale (KSS)

Results regarding sleepiness are presented in Table 4 and Figure 6.

Table 4. Unstandardized beta coefficients for Karolinska Sleepiness Scale scores throughout the
workweek (7 days) and during workdays (08:00-00:00) in pilots from the Norwegian Air Ambulance
(NAA; n = 25) and Christophorus Flugrettungverein (CFV; n = 22).

Both NAA CFV
Day
1§
2 —0.452 *** —0.732 *** —0.126
3 —-0.313* —0.435 -0.177
4 —0.374 —0.683 * 0.018
5 —0.459 —0.757 —0.103
6 —0.474 —0.690 —0.093
7 —0.439 —0.634 —0.143
Time
08§
10 —0.274 * —0.662 *** —0.213
12 —0.369 ** —0.943** —0.159
14 —0.166 —0.885 *** 0.195
16 0.094 —0.656 *** 0.485 ***
18 0.221* —0.399 * 0.469 ***
20 0.350 ** —0.581 ** 0.943 ***
22 1.18 *** 0.006 2,17 #**
00 2.08 *** 1.16 *** 3.35 #**

*p <0.05,** p <0.01, and *** p < 0.001. § Represents the reference groups. The ‘both’ category refers to both pilot
groups collapsed.
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Figure 6. Mean scores of Karolinska Sleepiness Scale among pilots in the Norwegian Air Ambulance
(NAA; n = 25), Christophorus Flugrettungverein (CFV; n = 22), and both groups collapsed. (A) During
a 7-day workweek and (B) between 08:00-00:00 on workdays. Error bars represent standard deviation.

For both pilot groups collapsed, day 2 (p < 0.001) and day 3 (p < 0.05) had lower KSS
scores compared with the reference day (day 1) during the workweek. For time of day,
the KSS scores at 10:00 (p < 0.05) and 12:00 (p < 0.01) were lower, while the scores at 18:00
(p < 0.05), 20:00 (p < 0.01), 22:00 (p < 0.001), and 00:00 (p < 0.001) were higher compared
with the reference time (08:00 h). No difference between the pilot groups was evident
(b =-0.039, p =0.814).

4. Discussion

The results for both pilot groups collapsed indicated a slight delay in the sleep period
towards the end of the workweek. No change throughout the workweek was evident for
wake after sleep onset, time in bed, total sleep time, or sleep efficiency. However, several
differences between the HEMS contingent on country were present. The NAA pilots had
nearly two hours later bedtime and nearly three hours later wake-up time, they spent over
an hour more in bed, slept about 40 min more, and had lower sleep efficiency compared
with the CFV pilots (on sleep diaries). The sleepiness scores for both pilot groups collapsed
were overall low throughout the workweek but were slightly elevated on the first workday
compared with the rest of the workweek. Not surprisingly, over the course of a day, the
sleepiness levels comprised a slight U-curve including a steady increase towards the end of
the day.

The results indicated that bedtime and wake-up times were consistent in the beginning
of the workweek and then somewhat delayed towards the last days of the workweek.
This delay could be explained by protection from domestic obligations that relieve the
pilots of duties involving early wake-up times (i.e., child rearing and/or transportation to
work/kindergarten/school). However, one should keep in mind that those CFV pilots who
lived less than 30 min from the base could spend their nights at home during the workweek.
Furthermore, missions occurring at late hours may delay bedtime, and especially, combined
with the absence of early morning missions could explain these findings. However, we do
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not have detailed information about when the missions occurred, thus more studies are
needed to clarify this.

The NAA pilots had clearly later bedtime and wake-up times compared with the CFV
pilots. While the CFV pilots only initiated missions during daylight, the NAA pilots also
took on missions after dark, which could explain why they went to bed and woke up later
than the CFV pilots as night work is known to delay the circadian rhythm [21]. Latitude
and daylight exposure could also influence the findings. For example, the average hours of
daylight in May in Oslo is 17:14 h compared with 15:16 h in Vienna [22,23]. The difference
between the NAA and CFV pilots’ latitude location could therefore at least partly explain
these aforementioned effects. The higher number of missions for the CFV pilots could
explain earlier wake-up times compared with the NAA pilots. Subsequently, CFV pilots
who spent the night at home would have to get up even earlier to reach base before dawn
which could contribute further to this discrepancy. The bedtime and wake-up time were
positively associated with the duration of missions for both groups. This could indicate that
the more time the pilots spent on missions, the more delayed their sleep period would be.
This notion is in accordance with a previous HEMS study in Norway, where higher amounts
of total work time were associated with later bedtime during the summer season [16].

Time in bed and total sleep time obtained by both pilot groups collapsed were consis-
tent throughout the workweek. Furthermore, the NAA pilots spent more time in bed and
had higher total sleep time (close to 7 h per night) compared with the CFV pilots (about
6.5 h per night). As all NAA pilots live on the base during their workweek, this could
enable them to spend more time in bed and thus obtain more total sleep time despite also
spending more time awake after sleep onset than the CFV pilots. However, there are some
uncertainties related to what extent the CFV pilots spend their nights at home as this was
not registered.

The self-reported sleep need was 07:01 h for the NAA pilots and 07:16 h for the CFV
pilots. The results concerning total sleep time measured with sleep diaries indicated that the
NAA pilots obtained approximately the self-reported need, while the CFV pilots obtained
less. Total sleep time derived from actigraphy was clearly lower than that measured by
the sleep diary, which is a common finding in studies using both instruments [24,25].
Still, the diary findings indicated that most of the pilots obtained the recommended or, at
least, appropriate amounts of sleep according to Hirshkowitz and colleagues [26]. This
is contrary to other studies that have reported restricted sleep duration when working
irregular shifts and long hours [25,27]. However, the discrepancy between the two sleep
measures necessitates a cautious interpretation of the results and should be considered in
the development of the internal fatigue risk management systems.

The wake after sleep onset and sleep efficiency were consistent throughout the week
for both pilot groups collapsed. Furthermore, the NAA pilots spent more time awake after
sleep onset and had lower sleep efficiency compared with the CFV pilots. As previously
mentioned, the NAA pilots conduct missions after dark, while the CFV pilots do not.
Although only 9% of their missions were classified as night missions, this could still explain
the greater amount of time spent awake after sleep onset and thus lower sleep efficiency.
Additionally, the NAA pilots could receive calls and mission assessments, not resulting
in missions, but that required the pilots to wake up. However, detailed data on calls and
mission assessments were not available, hence the aforementioned notions are somewhat
speculative. Nevertheless, on-call studies have found longer wake time after sleep onset
and lower sleep efficiency during on-call nights, even when calls were absent [28-30]. This
suggests that the mere anticipation of a call or mission could lead to more wakefulness.
Hence, both actual and anticipated missions during the sleep period could result in longer
wake time after sleep onset and lower sleep efficiency for the NAA pilots.

Interestingly, results for the two pilot groups revealed a convergence on the last
workday, where the NAA pilots woke up earlier, spent less time in bed, and had lower
total sleep time, whereas the CFV pilots woke up later, spent more time in bed, and had
higher total sleep time compared with the previous workdays. The changes in the NAA
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pilots’ sleep variables could be due to tasks and duties that had to be completed upon the
end of the workweek and may also reflect that they lived farther from the base than the
CFV pilots and hence had more strenuous travel arrangements ahead. However, one might
also expect similar tasks and duties for the CFV pilots, but the opposite finding complicates
the interpretation.

The overall sleepiness levels were low throughout the workweek for both pilot groups.
As both pilot groups primarily live on the base during the workweek, the base facilities
including separate bedrooms could promote good rest in between missions, resulting in low
sleepiness levels. This is contrary to previous findings on sleepiness and shift work [31,32].
A study on pilots found, for example, faster accumulation of fatigue in multi-segmented
workdays compared with single segmented [33]. Although the CFV pilots conducted more
missions than the NAA pilots, there was no difference between the countries regarding
sleepiness scores. This may suggest that living on base during the workweek protected
against domestic responsibilities that otherwise could cause an increase in sleepiness. This
notion was supported by a study that found that 26% of HEMS pilots reported sleep
disturbance due to child care [15]. The sleepiness levels were slightly increased on the first
workday but remained low on the remaining workdays for all pilots. This could be due
to the commute on the first workday, as the workweek started at 10:00 h and at sunrise
(earliest 06:00 h) for the NAA and CFV pilots, respectively. Considerable commute time
would imply an early morning for the pilots in order to reach the base for shift start. Over
the course of a workday, the sleepiness levels were low at the start with an increase towards
the end. Rather than being a consequence of the work schedule and setting, this variation
in sleepiness resembled the oscillations of normal circadian rhythms [34]. The results on
sleepiness corroborate a previous Norwegian HEMS study where both pilots (the same
pilots as in the present study) and HEMS crew members reported low sleepiness levels
throughout the workweek and over the course of a workday. Interestingly, this previous
study also found the sleepiness levels during the workweek to be lower than the weeks
off (both preceding and following) work [17]. A recent review found that risk associated
with fatigue increases as the workdays exceeds 16 h and coincides with habitual sleep
hours [35]. The current sleepiness results indicated that neither the NAA nor the CFV
pilots experienced substantial sleepiness throughout the workweek or workdays although
the work setting included more than 16 h workdays and work in conflict with habitual
sleep hours.

Some strengths and limitations of the present study should be noted. The multicenter
and longitudinal design with numerous daily measurements over seven consecutive days
provided detailed insight into the oscillation of sleep and sleepiness during the workweek
in two different countries with similar shift schedules. This intensive data collection
diminished the chance of recollection bias and improve data quality. The study included
both subjective and objective measurements which also represent an asset, as it enables
thorough documentation of the pilots’ sleep. The objective sleep measures prevent data
from being influenced by response biases associated with subjective measures.

The “healthy worker effect” could have influenced our results, as the pilots represent a
highly selected and resilient cohort that cope well with the shift schedule and work setting.
For this reason, generalizing to other work populations must be conducted with prudence.
However, as this occupation constitutes a high-risk operation for pilots, HEMS crew
members, and patients, information about how this particular groups’ sleep is affected
by the work schedule is of high value. Some discrepancies between sleep diary and
actigraphy data were noted and are in line with previous studies [24,36] reflecting different
(self-report and movement) data sources. Furthermore, as the HEMS is a male-dominant
occupation, the sample expectedly consisted predominantly of males. Thus, generalization
of the findings to other populations with a higher proportion of females must be made
with caution. The mission data could benefit from a higher level of detail (timing, type,
etc.) that would enable a more comprehensive analyses of their impact on sleep and
sleepiness. Future studies should include larger sample sizes (i.e., several pilot groups) and
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References

several workweeks per pilot in order to generate mission data quantities that enable more
sophisticated analyses. Furthermore, future studies would benefit from including objective
measures of sleepiness, such as the Multiple Sleep Latency Test (MSLT) [37]. However, the
MSLT may be somewhat challenging to conduct in field studies such as the present. Other
tests of sleepiness, such as the alpha attenuation test [38], may be more suitable in the field.

Although no major sleep problems were detected among the pilots in the present
study, the importance of maintaining good sleep for workers in this occupational group
should be emphasized. By utilizing sleep opportunities and maintaining a consistent bed-
and rise time that aligns with the circadian rhythm, when possible, the workers may be
better prepared to meet the unpredictable workload and workhours comprised by the
work setting. Furthermore, fatigue risk management systems should be under continuous
development to ensure that the potential negative effects of the shift schedule are attenuated.
Specific alertness management programs [39] could be one approach to increase awareness
and improve alertness strategies among pilots.

5. Conclusions

No substantial changes in sleep or sleepiness parameters throughout the workweek
were evident. Differences between the two pilot groups were detected, where the NAA
pilots reported more fragmented sleep than the CFV pilots. These differences could be due
to missions conducted after daylight by the NAA pilots. Still, both pilot groups reported on
average more than 6 h of subjective sleep throughout the workweek which lasted 24 h over
7 consecutive days. This could indicate that the pilots cope well with the shift schedule
despite its known risk factors (i.e., night work). Fatigue risk management strategies should
nevertheless continue to evolve and tailor mitigating measures to avoid the potential
detrimental effects.
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