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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 efliciency 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™
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

cen-
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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 coefhi-
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 efficiency.

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 (1:12) 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)

Summer 0:05 (0:00-0:11) 0:36 (0:26-0:48)
Sleep efficiency”

Winter 92.5 (87.0-95.5) 86.6 (81.8-89.9)
Summer 93.4 (88.7-96.1) 87.4 (83.4-90.8)

Total sleep time°
Winter
Summer

6:54 (1:17)
6:55 (1:21)

6:05 (1:22)
5:59 (1:12)

0:05 (0:00-0:30)
0:05 (0:00-0:20)

92.5 (85.7-96.3)
91.9 (84.1-96.0)

7:17 (1:26)
7:03 (1:30)

0:44 (0:30-1:15)
0:44 (0:28-1:16)

84.4 (75.6-89.3)
85.4 (76.7-89.4)

6:01 (1:24)
5:57 (1:27)

0:05 (0:00-0:15)
0:05 (0:00-0:15)

93.0 (86.5-96.0)
93.7 (88.1-96.4)

7:05 (1:17)
7:08 (1:33)

0:41 (0:28-1:01)
0:40 (0:28-0:56)

85.5 (79.8-89.7)
86.2 (82.0-90.5)

6:09 (1:23)
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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9:07 AM

8:38 AM

8:09 AM

740 AM

7:112 AM
6:43 AM

6:14 AM

Week before work Workweek Week after work

e Wiitef e Summ er
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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® —A477
Sleep efficiency —-.781
Total sleep time® .054

Week before work Workweek” Week after work
Winter Summer Winter Summer
—417*** —.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%* —A461%** —-.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 <0.01, *** 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. | 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 efficiency 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 (Hiarmid 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 oft 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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