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Objectives The organization of night shift work affects sleep duration and quality. The aim of this study was
to investigate the effects of the number of consecutive night shifts on sleep duration and quality among police
officers with night shift work as part of their normal schedule.

Methods This quasi-experimental, within-subject crossover study included 73 police officers. All participants
performed three work schedules: two, four and seven consecutive night shifts followed by the same number of
recovery days, ie, day work or days off (2+2, 4+4, and 7+7). Sleep assessed through sleep diaries and actigraphy
after all night shifts and recovery days (totaling 26 days) was compared by use of repeated measures analysis.

Results Participants experienced shorter sleep duration (with and without naps), more premature awakening,
less difficulty falling asleep, and more non-refreshing sleep after night shifts compared with recovery days. Sleep
duration and quality did not change with increasing number of consecutive night shifts. Sleep was shorter and of
poorer quality after the last night shift in the 2+2 and 4+4 work schedule compared with the second and fourth
night shift, respectively, in the 7+7 schedule.

Conclusion Sleep duration was reduced after night shift work and did not increase with more consecutive night
shifts, which leads to accumulated sleep debt. Sleep duration was shortest and sleep quality was poorest after
the last night shift in a series of night shifts.

Key terms fast rotation; night shift work; night worker; shift work; shift worker; sleep quality; slow rotation.

It is well established that night shift work causes
reduced and disturbed sleep. Night shift workers report
premature awakenings and insufficient sleep, yet ~50%
of individuals experience a spontaneous and effortless
sleep termination (1, 2). The organization of night shifts
may influence the effect of night shift work on sleep. For
example, a slowly backward-rotating work schedule (eg,
changing from night to evening to day shifts with seven
consecutive shifts) has been found to be associated with
more impairments of sleep than a fast forward-rotating
work schedule (eg, changing from day to evening to
night shifts with two to four consecutive shifts) (2—4).
Nevertheless, only a few intervention studies have
investigated the isolated effect of changing the speed of
rotation (5, 6). On the one hand, these studies suggest

that fast rotation, ie, few consecutive night shifts, is
associated with fewer sleep disturbances and difficulties
(5, 6). This would favor night shift work schedules with
few consecutive night shifts. On the other hand, studies
have shown that there is some adaptation of biological
rhythms to sleeping during the day leading to gradual
improvement of sleep with increasing consecutive night
shifts (7). This would favor night shift work schedules
with slow rotations, ie, more consecutive night shifts.
Short sleep duration and poor sleep quality has, in
studies with longitudinal designs, been associated with
higher risk of diabetes (8) and cardiovascular disease (9,
10) and may serve as a mechanism linking night shift
work to increased risk of injuries and accidents (11) as
well as chronic disease (12—16). When night shift work is
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inevitable, such as in the hospital sector and police force,
it is essential to find the best way of organizing night
shift work to minimize the impact of night shift work on
health. To reduce unhealthy consequences of night shift
work, it has been recommended to reduce the number
of consecutive night shifts in order to reduce circadian
disruption (17). Yet, it is, unclear what the optimal num-
ber of consecutive night shifts is when considering sleep
duration and different aspects of sleep quality.

The overall aim was to contribute to the knowledge
about how to optimally organize night shift work in
order to reduce sleep deprivation and negative health
consequences. We therefore investigated the effects of
the number of consecutive night shifts on sleep dura-
tion and quality among police officers with night shift
work as part of their regular schedule. During the study
period, each participant was enrolled in three different
work schedules: two, four and seven consecutive night
shifts followed by the same number of recovery days,
ie, day work or days off (hereafter: 2+2, 4+4, and 7+7).
The main aim of the study was fulfilled by answering
the following questions: (i) Is sleep duration shorter
and sleep quality poorer after night shifts compared
with recovery days (independent of work schedule)? (ii)
Does sleep duration increase and sleep quality improve
with an increasing number of consecutive night shifts or
recovery days? (iii) Is sleep duration shorter and sleep
quality poorer after the last night shift in a series of night
shifts regardless of the number of previous night shifts?

Methods

This paper presents results from the project “In the
Middle of the Night”. The National Committee on
Health Research Ethics in Denmark approved the study
(protocol number H-4-2012-155).

Design

Conducted with a quasi-experimental, within-subject
crossover design, the study exposed the participants to
three different work schedules: two night shifts followed
by two recovery days (2+2), four night shifts followed
by four recovery days (4+4), and seven night shifts fol-
lowed by seven recovery days (7+7). The term recovery
day were used for days that allowed sleep at night and
included both day shifts (31%) and days off (69%). Day
shifts were typically 07:00-15:00 (we allowed day shifts
to end as late as 18:00) and night shifts were typically
23:00-07:00 (we allowed the start of the night shifts to
vary between 22:00 and 00:00). The participants did not
work any night shifts during the seven days preceding
the start of the three different work schedules.
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Data were collected either in the period April-June
2013 or September—November 2013. Daylight saving
time began March 27 and ended October 27 in 2013.
None of the participants had data collection on these two
dates and only three participants collected data after the
end of daylight saving time. The three different work
schedules lasted 26 days in total, and they could be dis-
tributed over no longer than three months. The order of
the three different work schedules occurred in the order
that suited the person in charge of the personnel-on-duty
planning. This person was instructed to mix the differ-
ent work schedules so they occurred in different orders
and to let the different work schedules in the study
begin on different weekdays. In accordance with the
usual way of scheduling the shifts, the starting date of
the different work schedules was planned so that it also
suited the individual employee. This meant that of the
64 participants who performed all three work schedules,
18 (28%) started with the 2+2, 17 (27%) with the 4+4
and 29 (45%) with the 7+7.

Recruitment procedure and study population

Throughout all phases of the study, there was intensive
collaboration and strong support from both the manage-
ment in the Danish police and employee representatives
from the labor union. We recruited participants from the
five police districts in Zeeland, Denmark. The inclusion
criteria were that the participants had to be non-smoking
male police officers with night shifts as a part of their
regular schedule, but not working permanent night. The
officers use self-rostering to plan their normal schedules.
They are therefore not regular and may vary from person
to person. In most cases, they include up to four consecu-
tive night shifts, although seven consecutive shifts were
in some cases allowed if the officer requested it. Before
recruitment began, information meetings were held for
the leaders, the people responsible for personnel-on-duty
planning, and employee representatives. All districts were
also offered an initial information meeting for potential
participants, which were accepted by two police districts.
Thereafter, an e-mail was sent to all potential participants
in all districts with an invitation to participate in the
study. A total of 121 police officers showed interest in
participating in the study. Of these, a total of 73 received
individual, detailed information about the project either
face-to-face or on the phone and completed at least one
of the three work schedules, and 64 completed all three
work schedules. Reasons for dropping out were holidays
or other fixed duties, change to a job without night shift
work or family considerations.

Questionnaire

The participants completed a background questionnaire
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before starting their first work schedule in the study.
From the questionnaire, we obtained information about
tenure within the police force, night shift work experi-
ence, physical activity, self-rated overall health, general
job satisfaction, and diurnal type.

Sleep dairies

All participants scored their sleep quality upon awak-
ening from their primary sleep on all 26 data collec-
tion days. Primary sleep was defined as the first sleep
episode after the night shift or as sleep during the night
after recovery days. Sleep was scored using a modified
version of the Karolinska Sleep Diary (KSD) (18, 19).
In total, seven items were used: premature awakening,
difficulty falling asleep, difficulty awakening, non-
refreshing sleep, disturbed sleep, number of awakenings,
and overall sleep quality. Number of awakenings was
given a 1-5 score (0 awakenings=1, >4 awakenings=>5).
All other items were scored on a 5-point scale, with
higher scores representing poorer sleep. In their sleep
dairies, participants also noted the number, timing, and
duration of naps.

Actigraphy

Actiwatches (ActiGraph wGT3X-BT from ActiGraph
FL, USA) were worn on the non-dominant wrist during
all 26 data collection days. Data were collected with a
sampling rate of 30 Hz and 1-minute epochs were used
to score sleep. Data were analyzed with ActiGraph
Sleep Analysis (ActiGraph, FL, USA). In and out of bed
times were taken from the sleep dairies. The following
variables were extracted: primary sleep duration (PSD),
total sleep time per day including naps (TST), and sleep
efficiency.

Statistical analysis

Unless otherwise stated, we performed repeated measures
ANOVA using the PROC MIXED procedure with a ran-
dom intercept for each individual to account for within
subject variation (20). Separate analyses were made with
ten parameters of sleep duration and quality as continuous
outcomes: premature awakening, difficulty falling asleep,
difficulty awakening, non-refreshing sleep, disturbed
sleep, number of awakenings and sleep quality from sleep
diaries as well as PSD, TST and sleep efficiency from
actigraphy. The MIXED procedure has the advantage that
it can accommodate data that are missing at random. Due
to multiple statistical testing, results were considered to
be statistically significant at P<0.001.

In the first set of analyses, sleep duration and qual-
ity after night shifts were compared with sleep duration
and quality on recovery days independent of work
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schedule using the full dataset (all night shifts and
recovery days, totaling 26 days) (research question 1).
In the second set of analyses, repeated measures linear
regression analysis was used to evaluate if there was
a change in sleep duration and quality with increasing
number of consecutive night shifts or recovery days
(research question 2). These analyses were performed
separately for night shifts and recovery days. In this set
of analyses, the last night shift and the last recovery day
of each work schedule were excluded, ie, the second
night shift and the second recovery day in 2+2 and the
fourth night shift and the fourth recovery day in 4+4
etc. This was done because (later) analyses showed that
sleeping behavior was different after the last night shift,
and including these data in the analysis could mislead
the interpretation of the effect of number of consecutive
of night shifts on sleep. In the third set of analyses, we
investigated if sleep duration and quality after the last
night shift in a series of night shifts differed from other
days (research question 3). We compared sleep duration
and quality after the last night shift in the 242 and 4+4
work schedule with the second and fourth night shift,
respectively, in the 7+7 work schedule (reference). All
statistical analyses were done in the statistical software
SAS for Windows 9.4 (TS level 1M3, SAS Institute,
Cary, NC, USA).

Table 1. Description of 73 participating police officers. [SD=standard
deviation.]

N % Mean(SD) Range

Age (years) 73 38(10)  25-62
Tenure within the police force (years) 73 11(10) 1-32
Night shift work experience (years) 11(8) 1-30

<3 16 22

3-10 27 38

>10 29 40
Physical activity

Physically inactive 3 4

Light 13 18

Moderate 34 47

High 22 31
Self-rated overall health

Excellent 22 31

Quite good 34 47

Good 14 19

Less good 2 3

Poor 0 0
General job satisfaction

Very dissatisfied 3 4

Dissatisfied 0 0

Satisfied 29 40

Very satisfied 41 56
Diurnal type

Morning 10 14

More morning than evening 10 14

More evening than morning 38 52

Evening 15 21




Results

The participants were aged 25-62 years with a mean
age of 38 years; 22% had <3 years of night shift work
experience, 38% had 3-10 years of night shift work
experience, and 40% had >10 years of night shift work
experience. Most participants rated their health excellent
(31%) or very good (47%) and 78% were moderately or
highly physically active in their leisure time (table 1).
Of the participants, <9% worked during the day on the
first recovery day after a series of night shifts. On aver-
age, 38% of the recovery days (excluding the first recov-
ery day) were (daytime) work days and 62% were days
off. Of the 2+2 work schedule recovery days, 13% were
(daytime) work days, whereas 35% and 34% of recovery
days in the 4+4 and 7+7 schedules, respectively, were
(daytime) work days. The average awakening time was
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06:48 hours on recovery days with work and 07:25 hours
on recovery days without work.

Figure 1 illustrates PSD, TST, premature awaken-
ing, difficulty falling asleep, difficulty awakening, and
non-refreshing sleep for all 26 days in the 2+2, 4+4, and
7+7 schedules. Data for all variables of sleep duration
and sleep quality for all 26 days in the three different
work schedules are shown in the supplementary material
(www.sjweh.fi/show_abstract.php?abstract id=3885
table S1). PSD was 01:32 [standard deviation (SD)
00:04] hours and TST was 01:04 (SD 00:04) hours
shorter after night shifts compared with recovery days
(table 2) (research question 1). The officers also reported
more premature awakening, less difficulty falling asleep
and more non-refreshing sleep after night shifts com-
pared with recovery days (table 2). Table 2 also shows
the estimated slope in sleep duration and quality with an
increasing number of consecutive night shifts or recov-

8 v8
7|1 o Teo, o oeee] ..oI--.{ I--"I’"I -é 7 | L., 1. q I ol
g T S | TP o I .._}',.Iu I'.. .I."r".I".l
<6 Q6
~ H_x a
& < A
ES S5 \
o ®
£ 5e i
Q

o

83 g3
- kY
=2 n2
L 1 2+2 4+4 7+7 _E 1 2+2 4+4 7+7

0 %o

3 3
£ g
o
z £
23 g2 [
5 z {
g 3
s £
a o

Difficulty of awakening

2+2 4+4 7+7

e After night shift  eecees Recovery day

Non-refreshing sleep
w
AN

2+2 4+4 7+7

— After night shift — seeeee Recovery day

Figure 1. Average (standard error of the mean) sleep duration and quality on three different work schedules (2+2, 4+4, and 7+7).
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Table 2. Sleep duration and quality after night shifts and recovery days. Statistically significant results are shown in bold. [SEM= standard error
of the mean; SD=standard deviation; PSD=primary sleep duration; TST=total sleep time (including naps)].

After night shifts Recovery days Difference (diff) between night P-value
and recovery day (ref)

Average  SEM Slope? SD Average  SEM Slope? SD Diff. SD P-value  Slope- Slope-

night® recday?

PSD ¢ (h:mm) 5:07 0:03 0:03  00:01 6:39 0:03 0:02 0:02 -1:32 0:04 <0.001 0.038 0.232
TST ¢ (h:mm) 5:43 0:03 0:00  00:01 6:47 0:04 0:00 0:02 -1:04 0:04 <0.001 0.760 0.712
Premature awakening ¢ 2.0 0.04 -0.054 0.02 1.7 0.03 -0.060 0.02 0.39 0.04 <0.001 0.011 0.003
Difficulty falling asleep ¢ 1.4 0.02 0.036 0.01 1.8 0.03 -0.083 0.02 -0.37 0.04 <0.001 0.007 <0.001
Difficulty of awakening ¢ 25 0.03  0.021 0.02 2.6 0.03 -0.063 0.02 -0.10 0.04 0.008 0.189 0.001
Non-refreshing sleep ¢ 3.2 0.03 -0.013 0.02 29 0.03 -0.069 0.02 0.32 0.04 <0.001 0.413 <0.001
Disturbed sleep ¢ 19 0.03 -0.046 0.02 1.9 0.03 -0.086 0.02 -0.03 0.04 0.465 0.006 <0.001
Awakenings (number) ¢ 25 0.04 -0.041 0.02 25 0.04 -0.077 0.02 0.03 0.05 0.504 0.054 0.001
Sleep quality ¢ 2.2 0.03 -0.033 0.02 2.1 0.03 -0.057 0.02 0.08 0.04 0.026 0.031 0.003
Efficiency © (%) 88.1 0.28 -0.19 0.13 87.4 0.27 0.01 0.14 0.66 0.32 0.040 0.142 0.950

2 Analyses are performed without the last day.
b Estimated difference between night shift and recovery days (reference).
¢ Assessed from actigraphy.

4 Assessed from sleep dairies (response categories: 1-5 with higher number representing poorer sleep).

Table 3. The estimated difference of sleep duration and quality after the
last night shiftin the 2+2 and 4+4 schedules compared to the second and
fourth night shiftin the 7+7 schedule. Statistically significant results are
shown in bold. N=73 police officers, who performed all three different
work schedules in the study. [Diff=difference; SD=standard deviation;
PSD=primary sleep duration; TST=total sleep time (including naps)]

2422 4+42

Diff. SD _ P-value Diff. SD _ P-value
PSD (h:mm)® 1:01  0:13 <0.001 0:51 0:10 <0.001
TST (h:mm)® 0:53 0:14 <0.001 0:53 0:11 <0.001
Premature awakening ¢ -0.03 0.16 0.831 -0.08 0.17 0.650
Difficulty falling asleep ¢ 015 011 0.159 0.09 0.12 0.447
Difficulty of awakening ¢ 0.58 0.13 <0.001 0.51 0.12 <0.001
Non-refreshing sleep 051 0.11 <0.001 0.42 0.11 <0.001
Disturbed sleep © -0.06 012 0.643 -0.09 0.14 0.530
No. of awakenings ¢ -0.22 017 0.197 -0.36 0.19 0.057
Sleep quality ¢ -0.12 012 0323 -0.04 0.3 0.779
Sleep efficiency ® (%) -0.56 092 0545 -068 0.99 0.494

2 Data from 'last night shifts' are presented for 2+2 and 4+4 schedule. The
second night shiftin 2+2 is compared to the second night shift in the 7+7
schedule (reference). The fourth night shift in 4+4 is compared to the fourth
night shiftin 7+7 (reference).

b Assessed from actigraphy.

¢ Assessed from sleep dairies (response categories: 1-5 with higher number
representing poorer sleep).

ery days, respectively (research question 2). Sleep dura-
tion and quality did not change with increasing number
of consecutive night shifts. In contrast, difficulty falling
asleep, difficulty awakening, non-refreshing sleep, dis-
turbed sleep, and number of awakenings decreased with
more consecutive recovery days (P<0.001).
Participants had shorter PSD (B= -01:01, SD 0:13
hours) and TST (B=-00:53, SD 0:14 hours) after the last
night shift in the 2+2 work schedule compared with the
second night shift in the 7+7 work schedule (research
question 3). Participants also experienced more diffi-
culty awakening (B=00.58, SD 00.13 hours) and more
non-refreshing sleep (B=00.51, SD 00.11 hours) after
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the last night shift in the 2+2 work schedule compared
with the second night shift in the 7+7 work schedule.
Similar differences were observed after the last night
shift in the 4+4 schedule compared with the fourth
night shift in the 74+7 work schedule (table 3). There
were no other statistically significant differences in this
set of analyses. The cumulative sleep debt can be esti-
mated as: (number of consecutive nights) x (difference
between TST on night shift and recovery days) + (the
difference between the last night shift in a series and
other night shifts). As an example, the estimate for two
consecutive night shifts is: two consecutive night shifts
% 01:04 hours per night shift + 00:53 hours equaling
03:01 hours. Thus, the estimated cumulative sleep loss is
03:01, 05:09, and 08:21 hours after two, four and seven
consecutive night shifts, respectively.

Discussion

In this study of 73 police officers working 2+2, 4+4
and 7+7 work schedules, we found that participants
experienced shorter sleep duration (with and without
naps), more premature awakening, less difficulty falling
asleep, and more non-refreshing sleep after night shifts
compared with recovery days. Sleep duration and quality
did not change with increasing number of consecutive
night shifts, but reports of difficulty falling asleep, dif-
ficulty awakening, non-refreshing sleep, and disturbed
sleep decreased with increasing number of consecutive
recovery days. Sleep was shorter and of poorer quality
after the last night shift in a series of night shifts.

It has been argued that more consecutive night shifts
cause adaptation of circadian rhythms leading to better
and longer sleep during the day eg, among employees



on oil rigs in the North Sea (7). In contrast, the results of
the present study clearly showed that sleep duration and
quality did not change with number of consecutive night
shifts among night shift workers. Therefore, adaptation
of sleep duration did not occur, and the participants slept
at least one hour less after a night shift than on recovery
days even after six consecutive night shifts.

We have previously shown results regarding diurnal
rhythms of hormones from the same study (21). The
rhythm of melatonin was suppressed and cortisol was
phase delayed with increasing number of consecutive
night shifts, and after six consecutive night shifts there
was not a full adaptation of the diurnal rhythms to
day time sleep. In total, neither the diurnal rhythms of
hormones nor the sleep duration fully adapted to night
shifts. Accordingly, the police officers build up sleep
debt with more consecutive night shifts. While alert-
ness appears rather robust against small curtailments of
sleep (1), experimental laboratory studies have shown
that as little as two hours of daily sleep restriction over
two weeks leads to accumulative decline in cognitive
performance (22).

Previous studies have found that few consecutive
night shifts (as part of a fast forward-rotating schedules)
were associated with fewer sleep disturbances and dif-
ficulties than more consecutive night shifts (as part of
a slowly backwards-rotating schedules) (2—6). In the
present study, we specifically studied the effects of the
number of consecutive night shifts without changing
the direction of rotation, and found that participants had
particularly short and poor sleep after the last night shift
after both two and four consecutive shifts. Particularly,
the participants reported more difficulty awakening and
more non-refreshing sleep after the last night shift in a
series of night shifts. This finding is in accordance with
the notion that shift workers shorten their sleep after the
last night shift in order to change back to night-time sleep.
Thus, if an employee has to cover a fixed number of night
shifts, the employee will have more "last night shifts" in a
schedule with few consecutive night shifts compared with
a schedule with more consecutive night shifts. Therefore,
a schedule with few consecutive night shifts (fast rota-
tion) implies more days with poor sleep compared with a
schedule with more consecutive night shifts.

Our findings — that night shift workers experience
shorter sleep and find it easier to fall asleep and wake
up although not feeling refreshed after night shift work —
are congruent with previous studies (1, 2). The total time
awake when working the first night shift is often 20-22
hours or more, whereas it is 16—18 hours for a worker
with permanent day work. Thus, the sleep pressure is
higher after the first night shift, which may explain why
participants experience less difficulty falling asleep after
a night shift compared with a recovery day. Further-
more, night workers sleep during the day and typically
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wake up around midday, where experienced sleepiness
is lower than in the morning due to circadian rhythms
(23). This may explain why the participants experience
less difficulty awakening after night shifts compared
with day work or days off despite having shorter sleep
duration and not feeling refreshed.

Strengths and limitations

The study comprised a relatively large number of par-
ticipants compared with previous field studies. In com-
bination with the quasi-experimental (rather than obser-
vational) cross-over design and taking within subject
variation into account in the statistical analyses, this is
a strength of the study. We thereby enhanced internal
validity by circumventing potential confounding from,
eg, age and lifestyle factors, and accordingly we did not
include these variables in the statistical analyses. The
study was performed among experienced shift work-
ers in a real-life setting, which enhances the external
validity of the results. To avoid the risk of false positive
findings due to multiple statistical testing, we considered
P<0.001 to indicate statistical significance.

Another strength was the handling of the general
limitations with cross-over designs, ie, possible order
effects and carry-over between the different work
schedules in the study. The order effect was limited by
instructing the schedule planner to mix the different
work schedules so they occurred in different orders,
which resulted in 28%, 27%, and 45% of participants
starting with 2+2, 4+4, or 7+7 work schedules, respec-
tively. Carry-over effects were minimized by having
a seven-day wash-out period without night shift work
before the first night shift in a series. For practical rea-
sons and in order to resemble real-life scheduling, recov-
ery days were allowed to include both days off and day
shifts. The rationale was that both are day-time oriented
as opposed to days with night shifts and because this is
the standard way to schedule night shift work among
the police in Denmark. Since the normal day shift for
police officers begin at 07:00 hours, it may be argued
that police officers need to get up before their natural
wake up time of days with day shift and that differences
in the proportion of day shifts and days off would there-
fore bias the results. However, the bias is expected to
be limited as there was a fair distribution of day shifts
across the different work schedules (particularly 4+4
and 747) and awakening time on day shifts and days off
differed by only 37 minutes.

Each work schedule was only performed once. As a
consequence, it was only possible to study acute effects
and not effects of long-term scheduling. However,
effects of night shift work on sleep are generally acute
and reversible, and we expect that the main potential
differences between the three different work schedules
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in relation to sleep are covered with the present design.
The study population consisted of male shift workers.
Accordingly, we cannot be sure if the results extend to
women, although similar biological mechanisms are
likely. It may be speculated that permanent night work
allows for better adaptation to daytime sleep because
permanent night workers do not have to change their
diurnal rhythms between night shifts (ie, on their days
off). However, even permanent night workers are likely
to being awake during the days on days off, eg, to be
with family and for social reasons. Indeed, it has been
shown that only a very small minority (0.3%) of perma-
nent night workers show "complete" adjustment of their
endogenous melatonin rthythm to night work (24). Yet,
future research should address sleep and diurnal rhythms
among workers with permanent night work.

In conclusion, we found that sleep duration was
reduced after night shift work and did not increase with
more consecutive night shifts. This leads to accumulated
sleep debt with more consecutive night shifts. Further-
more, sleep duration was shortest and sleep quality
particularly poor after the last night shift in a series of
night shifts.
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