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ABSTRACT
Objectives To determine whether nurses working 
consecutive night shifts, or short transitions between 
shifts (quick returns (QRs)), yielded higher risk for pain 
complaints when compared with regular morning shifts. 
Sleep duration was tested as a potential mediator.
Design Observational diary study.
Setting Random hospitals.
Participants Nurses with three- shift rotation (morning, 
evening and night), n=679, 22–63 years old.
Outcomes measures Daily ratings of working hours, 
sleep and subjective pain complaints in six anatomical 
regions (head, neck/shoulder/upper back, upper extremity, 
low back, lower extremity and abdomen) for 28 days. 
In addition, we assessed demographics, habitual sleep 
and pain complaints, work and lifestyle factors. It was 
tested (1) whether the risk for pain complaints was higher 
after workday 3 versus after workday 2, and whether the 
difference was larger for consecutive night shifts versus 
consecutive morning shifts, and (2) whether the risk for 
pain complaints was higher after QRs versus after two 
morning shifts. Risk for pain complaints refers to combined 
increased risk for any pain and risk for increased intensity.
Results Adjusted analyses showed no shift type by 
workday interaction for pain complaints in the neck/
shoulder/upper back, upper extremities, low back, lower 
extremities or abdomen. For headache, a strong trend 
indicated that the risk was higher on workday 3 compared 
with workday 2 for night shifts (OR 1.13, 95% CI 0.99 to 
1.28). The risk was lowered if sleep duration was taken 
into account (OR 0.37, 95% CI 0.17 to 0.81). No conclusive 
support was found for the risk for pain complaints being 
higher after QRs, compared with after morning shifts.
Conclusions For five of six pain complaints, the 
hypotheses were not supported by the current data. For 
headache, we found potential support for a sleep- relieving 
effect on headache after working several nights in a row. 
Pain complaints were not instigated or exacerbated by an 
evening- to- morning transition between shifts.

INTRODUCTION
Shift work is a broad term covering different 
aspects of non- daytime work. In nursing, a 
common example is working on a rotating 

three- shift schedule, alternating among 
morning, evening and night shifts. A 
common aspect of rotating shift work is 
working consecutive night shifts. Compared 
with working single nights, consecutive night 
shifts may increase the risk of developing 
cumulative sleep loss.1 2

Another common characteristic of rotating 
shift work is quick returns (QRs), typically 
referring to the rest period between two 
consecutive shifts being 11 hours or less.3 QRs 
may increase the risk for transient sleep loss, 
most commonly after an evening- to- morning 
shift transition.4–6 Although workers have 
the opportunity to sleep at night during an 
evening- to- morning QR, they risk incurring a 
sleep debt since time between shifts includes 
time for commuting and social activities as 
well.

Short sleep duration is a potential contrib-
uting factor in musculoskeletal7–9 and gastro-
intestinal pain complaints.10–12 Hence, it is 
plausible that occupational exposures associ-
ated with increased risk of sleep loss are also 
associated with increased risk of musculoskel-
etal and gastrointestinal pain complaints. A 
previous study from our group found that 

Strengths and limitations of this study

 ► The first study to assess the association be-
tween daily variations in working hours and pain 
complaints.

 ► Daily reports on pain complaints reduce recall 
bias, electronic time stamp documented time of 
assessment.

 ► Participants are from many hospitals, increasing ex-
ternal validity, whereas the relatively low response 
rate may reduce external validity.

 ► The majority of the nurses do not report pain com-
plaints, which limits statistical power.
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short sleep duration partially mediated effects of night 
shifts on pain complaints in nurses working a rotating 
three- shift schedule.13 In the present study, we analysed 
a subset of the same data in order to determine whether 
working consecutive night shifts was more negative than 
working the same number of consecutive morning shifts. 
In the subset, subjects were required to have the first day 
off followed by two or three consecutive morning or night 
shifts. To our knowledge, the present diary study is the 
first to assess the association between daily variations in 
working hours and pain complaints. A similar design has 
previously been used in pain patients.14 15

We also determined whether an evening- to- morning 
transition was more detrimental than a morning- to- 
morning transition. To our knowledge, there are no 
earlier studies exploring the association between QRs 
and pain. A second subset of the same data was analysed, 
including subjects with two consecutive morning shifts 
and subjects with an evening- to- morning transition.

Two hypotheses were tested. (1) The risk for pain 
complaints increases over the course of consecutive work-
days, and the increase is larger for consecutive night 
shifts, compared with consecutive morning shifts. (2) The 
risk for pain complaints is higher after QR versus after 
two morning shifts. Subsidiary hypotheses were that sleep 
duration partially mediated these potential associations. 
Risk for pain complaints refers to combined increased 
risk for any pain (if no pain is present) and risk for 
increased intensity (if pain is present). We are not aware 
of any earlier studies on this topic.

METHOD
Subjects
We recruited a sample of nurses working at hospitals across 
Norway, by sending an invitation by either postal mail (n=2 
000) or email (n=20 500) to randomly selected members 
of the Norwegian Nurses Organisation. The invitation 
stated that the study’s aim was to determine associations 
between shift work, sleep and health complaints, and to 
map risk factors for developing health complaints. Inclu-
sion criteria were working as a nurse, working in more 
than 50% position, having a shift schedule that included 
night work, being between 18 and 63 years old, not being 
pregnant, not breast- feeding, and not on sick leave for 
more than 2 weeks during the last 6 months. Correcting 
for the inclusion criteria, the number of eligible nurses 
receiving the invitation was estimated to be approxi-
mately 5400. Of these, 4001 nurses asked for a login key 
and were thus interested in participating. In total, 1032 
subjects completed the Baseline Questionnaire. Of these, 
679 nurses (66%) answered a follow- up Diary Question-
naire for 28 consecutive days.

Patient and public involvement
The Norwegian Nurses Organisation was consulted 
before designing the questionnaires, and was allowed to 
come with feedback that were taken into consideration 

by the research team. The organisation was also informed 
first hand, about new publications based on the data.

Data collection and procedure
Working hours, sleep and subjective pain complaints 
were rated daily electronically on smartphone. An SMS 
(short message service) text message (email if not owning 
a smartphone) was sent each night at 21:00 in order to 
remind the participants to fill out the Diary Question-
naire. The diary opened by clicking a web address in the 
message body. We instructed the participants to respond 
to the questionnaire as soon as possible after receiving 
the SMS, after which the data were sent via the internet 
to a secure server at the research institute. Of 16 250 
responses received, 8775 (54%) were received within 1 
hour and 11537 (71%) within 2 hours. The diary time 
variables were entered in a 24- hour time format via pull- 
down menus, one for hour (0, 1, 2, …, 23) and one for 
minute (0, 5, 10, …, 55). For ordinal and yes/no variables, 
subjects were allowed to select only one from a default set 
of mutually exclusive responses. Data collection started in 
October 2014 and ended in November 2015.

Measures
Diary Questionnaire
Working hours: Participants indicated whether they had 
been working within the previous 24 hours, as well as the 
start and end times of that shift, or if they had been off 
work or sick that day. Shift type was categorised into three 
categories by shift starting time: morning shift (starting 
time 05:00–12:00), evening shift (starting time 12:01–
18:00) and night shift (starting time 18:01–04:59).

Sleep questions were derived from the Consensus Sleep 
Diary.16 Participants were asked the following informa-
tion related to their main sleep:

‘What time did you get into bed?’, ‘What time did you 
try to fall asleep?’, ‘How long in hours and minutes did 
it take you to fall asleep? (sleep- onset latency, SOL), 
‘How many times did you wake up, not counting your 
final awakening?’, ‘In total, how long did these awaken-
ings last?’ (awake hour/minute; wake after sleep onset, 
WASO), ‘What time was your final awakening?’ and ‘What 
time did you get out of bed after your main sleep?’ (get 
up hour/minute; time awake prior to rising), ‘Did you 
wake up earlier than planned?’. To account for napping, 
the final question was: ‘How long did you sleep in addi-
tion to your main sleep during the past 24 hours?’ All time 
variables were converted from hh:mm format to decimal 
format. Inconsistent data entries were manually cleaned.

Total sleep time (TST) of the main sleep was calcu-
lated by subtracting SOL and WASO from the difference 
between the time trying to sleep and the time of final 
awakening. Sleep duration was calculated by adding TST 
and napping.

Pain complaints during the previous 24 hours were 
rated on a Likert- type Scale with categories 0 (not trou-
bled by pain), 1 (a little troubled by pain), 2 (some-
what troubled by pain) and 3 (very troubled by pain). 
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Complaints were rated for six regions: head, neck/
shoulder/upper back, upper extremities (arm, wrist 
and hand), low back, lower extremities (hip, knee, leg 
and foot), and abdomen.

Use of medication to fall asleep was measured by a 
single item (yes/no), and was treated as a control vari-
able in the analyses.

Baseline Questionnaire
Subjects answered a web- based Baseline Questionnaire 
before the diary commenced, assessing several lifestyle 
and work- related variables, including selected factors 
from the General Nordic Questionnaire for Psychoso-
cial and Social Factors at Work.17 In addition, a Pain 
Complaint Severity Index (score range 0–9) pertaining 
to the last month was assessed by a questionnaire by 
Steingrímsdóttir et al,18 chronotype was assessed by 
seven items from the Horne-Østberg Morningness–
Eveningess Questionnaire,19 sleep problems and sleep-
iness was assessed by the Bergen Insomnia Scale20 and 
by the Epworth Sleepiness Scale.21 The mentioned 
variables were adjusted for in all analyses, since they 
potentially affect both the independent and dependent 
variables. Selection of these potential adjustment vari-
ables has been presented in detail elsewhere.22

Data processing
Working more than three consecutive nights is not 
very common in a rotating schedule in Norway. Thus, 
the number of consecutive shifts included in the anal-
ysis was restricted to three. Hypothesis 1 assumed that 
pain risk would increase from workday 2 to workday 3, 
and that this increase would be larger if the workdays 
were night shifts than morning shifts. Thus, we were 
looking for a workday by shift- type interaction for each 
pain region. We required that participants had at least 
1 day off before starting on the two or three consecutive 
shifts. Of the 679 participants, 309 worked two consec-
utive morning shifts at least once during the 28 days. 
Among these, 162 participants worked three consecu-
tive morning shifts. This constituted the ‘consecutive 
morning shift group’ (figure 1A and table 1). The 
‘consecutive night shift group’ was determined in the 
same manner, the corresponding numbers being 278 
participants with two night shifts and 141 participants 

with three night shifts. The same subject could have 
several repeated instances of 1 day off and two or three 
consecutive shifts in the 28- day data collection period. 
A priori power calculations assuming 80% power indi-
cated that a sample size of 100 was sufficient to detect a 
20% difference in pain complaints, if pain complaints 
were treated as a continuous variable.

Hypothesis 2 assumed that pain risk would be higher 
after an evening- to- morning transition than after a 
morning- to- morning transition. The ‘QR group’ (176 
participants) was comprised by participants having 
1 day off followed by an evening- to- morning transition 
(figure 1B and table 1). This group was compared with 
the group of 309 participants that worked two consec-
utive morning shifts. Group comparisons were made of 
pain complaints at workday 2.

Statistical analysis
Sleep durations for the ‘consecutive morning shift 
group’ versus the ‘consecutive night shift group’ and the 
‘QR group’ versus the ‘consecutive morning shift group’ 
were normally distributed and compared by linear 
mixed models analyses, adjusted for age, insomnia and 
sleep medication. The sleep duration datasets consisted 
of both paired and unpaired observations, 122 (44%) of 
the 278 subjects in the night shift group (table 1) were 
also in the morning shift group (paired observations), 
while the remaining 156 (56%) only were in the night 
shift condition (unpaired observations). For the QR 
comparison, the corresponding percentages were 42% 
(paired) and 58% (unpaired). Despite an unbalanced 
dataset, data from both paired and unpaired obser-
vations were included since complete case analysis is 
generally assumed to reduce the robustness of the esti-
mates.23 Cohen’s d was calculated as effect size measure-
ment for sleep duration.

The pain data were analysed with a regression- based 
approach that takes into account the measurement 
level of the outcome variables (ordered categorical), 
as well as the clustering of outcome variables within 
individuals due to repeated observations (handled by 
random effects). Due to its flexibility, Stata’s (Stata V.16, 
StataCorp LLC, Texas, USA) structural equation model-
ling approach was chosen. Since the response variable 
was ordinal, generalised structural equation model-
ling was applied, with maximum likelihood estimation. 
This approach tests all paths in the conceptual model 
(figure 2) separately with regression. In addition, it 
decomposes the total effect (X →Y) into direct (path c) 
and indirect (path a and b) effects. An assumption with 
ordinal regression is that the odds across each level of 
the ordinal variable is stable. This is called the assump-
tion of proportional odds and was tested for all pain 
outcome models by use of the omodel and brant tests in 
Stata. A significant result indicated that the assumption 
had been violated. If that was the case, the dependent 
variable was dichotomised and a logistic regression was 
run instead.

Figure 1 Work schedules by subgroups. (A) Consecutive 
morning and night shift groups. (B) Consecutive morning 
group and quick return group.
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First, it was established whether the independent vari-
able was associated with pain complaints (ordinal vari-
able) (path c, figure 2A). When testing hypothesis 1, 
independent variables were shift type (morning vs night), 
workday (workday 2 vs workday 3) and the shift type by 
workday interaction (our main interest). The analysis was 
repeated for the six pain regions. When testing hypoth-
esis 2, the independent variable was shift- type transition 
(morning–morning vs evening–morning). Using ordered 
categorical pain complaints as the dependent vari-
able, results refer to combined pain prevalence (scores 
changing from 0 to 1) and intensity (scores changing from 
1 to 2, or from 2 to 3). The proportion of missing data was 
generally very low. For the pain outcomes, missing data 

varied from 0% to 0.9% and for the covariates, missing 
data varied from 0% to 1.5%. Missing data were deleted 
listwise.

It was then tested whether the exposure variable 
was associated with the mediator variable (continuous 
sleep duration, path a) and whether the mediator vari-
able was associated with the outcome variable, after 
controlling for the exposure variable (path b). The 
fourth step established whether the mediator variable 
mediated the relationship between the exposure vari-
able and the outcome variable (figure 2B, path c′). 
We decided to discontinue the analysis if the signifi-
cance level of path c was far from 0.05. The results are 
presented as ORs.

Table 1 Descriptive statistics on pain complaint frequency for each pain region, by shift type (morning, night and quick 
returns) and workday (1–3)

Morning shift group Night shift group Quick return group

Workday Workday Workday

1 (N=309) 2 (N=309) 3 (N=162) 1 (N=278) 2 (N=278) 3 (N=141) 1 (N=176) 2 (N=176)

n % n % n % n % n % n % n % n %

Headache

  Not troubled 511 79.0 507 77.8 140 72.5 387 75.3 392 76.0 132 81.0 182 77.1 171 73.1

  A little troubled 110 17.0 104 16.0 39 20.2 101 19.6 103 20.0 25 15.3 51 21.6 54 23.1

  Rather intensely troubled 20 3.1 36 5.5 14 7.3 24 4.7 17 3.3 5 3.1 3 1.3 8 3.4

  Very intensely troubled 6 0.9 5 0.8 0 0.0 2 0.4 4 0.8 1 0.6 0 0.0 1 0.4

Neck, shoulder, upper back pain

  Not troubled 443 67.7 441 67.4 122 62.6 362 70.0 370 71.6 112 68.7 167 70.2 165 69.3

  A little troubled 184 28.1 185 28.3 64 32.8 125 24.2 124 24.0 39 23.9 62 26.1 58 24.4

  Rather intensely troubled 27 4.1 25 3.8 9 4.6 28 5.4 18 3.5 11 6.7 7 2.9 11 4.6

  Very intensely troubled 0 0.0 3 0.5 0 0.0 2 0.4 5 1.0 1 0.6 2 0.8 4 1.7

Upper extremities pain

  Not troubled 540 83.3 535 81.9 162 83.5 429 83.3 437 85.2 142 87.1 203 86.4 196 83.8

  A little troubled 100 15.4 110 16.8 31 16.0 71 13.8 64 12.5 17 10.4 25 10.6 31 13.3

  Rather intensely troubled 8 1.2 8 1.2 1 0.5 14 2.7 10 1.9 4 2.5 5 2.1 4 1.7

  Very intensely troubled 0 0.0 0 0.0 0 0.0 1 0.2 2 0.4 0 0.0 2 0.9 3 1.3

Back pain

  Not troubled 508 77.9 500 76.7 147 75.4 412 79.7 390 75.4 125 76.7 193 81.8 184 78.3

  A little troubled 123 18.9 132 20.2 43 22.1 87 16.8 105 20.3 33 20.2 37 15.7 43 18.3

  Rather intensely troubled 20 3.1 18 2.8 5 2.6 18 3.5 21 4.1 5 3.1 5 2.1 7 3.0

  Very intensely troubled 1 0.2 2 0.3 0 0.0 0 0.0 1 0.2 0 0.0 1 0.4 1 0.4

Lower extremities pain

  Not troubled 452 69.1 452 69.4 129 66.5 397 77.1 397 78.0 131 80.9 157 66.2 151 64.3

  A little troubled 160 24.5 156 24.0 54 27.8 99 19.2 95 18.7 24 14.8 65 27.4 66 28.1

  Rather intensely troubled 37 5.7 40 6.1 11 5.7 17 3.3 13 2.6 4 2.5 14 5.9 15 6.4

  Very intensely troubled 5 0.8 3 0.5 0 0.0 2 0.4 4 0.8 3 1.9 1 0.4 3 1.3

Abdominal pain

  Not troubled 544 83.6 539 82.7 162 83.1 410 79.8 392 75.8 124 77.0 201 85.5 186 79.2

  A little troubled 89 13.7 97 14.9 29 14.9 80 15.6 101 19.5 29 18.0 33 14.0 44 18.7

  Rather intensely troubled 16 2.5 14 2.1 4 2.1 18 3.5 17 3.3 7 4.3 0 0.0 3 1.3

  Very intensely troubled 2 0.3 2 0.3 0 0.0 6 1.2 7 1.4 1 0.6 1 0.4 2 0.9

N, Number of participants; n, number of observations.
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RESULTS
Online supplementary table S1 lists demographic and 
work- related characteristics. The majority of the nurses in 
the study were female (90.6%) and the mean age was 41 
years (SD=11.1).

Pain complaints and sleep duration
Table 1 shows pain complaint frequencies across pain 
regions and workdays. A majority of the nurses reported 
that they were ‘not troubled’ by any pain complaints.

Table 2 shows differences in sleep duration, including 
statistical comparisons between shift groups (across 
workdays) and between workdays (within shift groups). 
Between shifts, daytime sleep after night shifts was shorter 
than nocturnal sleep after morning shifts (Cohen’s 
d=0.49). From workday 2 to workday 3, sleep duration 
after morning shifts did not differ (Cohen’s d=−0.08), 
whereas for night shifts, sleep duration was shorter after 
workday 3 versus after workday 2 (Cohen’s d=0.27). Sleep 
duration was also shorter the night between the evening- 
to- morning transition than the night between the 
morning- to- morning transition (Cohen’s d=0.36) table 2.

Consecutive shifts and pain
Adjusted analyses showed no shift type by workday interac-
tion for pain complaints in the neck/shoulder/upper back, 
upper extremities, low back, lower extremities or abdomen. 
For headache, a strong trend indicated that the difference 
in pain complaints between workdays 2 and 3 was associ-
ated with shift type (adjusted OR 0.50, 95% CI 0.25 to 1.02 
(p=0.055), table 3). An OR less than 1 indicated that the 
combined effect of night shifts (vs morning shifts) and 
workday 3 (vs workday 2) was associated with a lower risk for 
headache. Analysing the direct effect separately (path c′) 
indicated a weak detrimental effect of going from workday 
2 to workday 3 for night shifts if sleep was not taken into 
account (OR 1.13, 95% CI 0.99 to 1.28). However, analysing 
the indirect effect indicated that taking sleep duration into 
account was associated with a lower risk for headache (OR 
0.37, 95% CI 0.17 to 0.81).

Concerning main effects, night shifts, compared with 
morning shifts, were associated with lower levels of lower 
extremity pain (OR 0.39, 95% CI 0.22 to 0.69), and higher 
levels of low back pain (OR 1.73, 95% CI 1.02 to 2.92) and 
abdominal pain (OR 3.17, 95% CI 1.80 to 5.60). There was 
also a tendency towards higher neck pain after workday 
3 versus workday 2 (OR 1.52, 95% CI 0.54 to 1.32). The 
analyses were also run without the interaction term, since 
coefficients due to main effects may be difficult to inter-
pret with the interaction term included (online supple-
mentary table S2).

QRs and pain
An evening- to- morning QR tended to be associated with a 
lower risk for upper- extremity pain, compared with after 
two consecutive morning shifts (OR 0.56, 95% CI 0.29 to 
1.09, p=0.089, table 4). For the remaining pain outcomes, 
adjusted analyses showed that pain complaints on workday 
2 were not associated with schedule, ie, whether the nurse 
had worked an evening- to- morning QR or two consecu-
tive morning shifts (table 4).

DISCUSSION
The present findings support the notion that five of 
six pain outcomes did not change over the course of 

Table 2 Differences in sleep duration by shift type and workdays

Shift type Workday

Sleep duration Sleep Between shifts* Between workdays†

Mean (hours) 95% CI Timing z P value Cohen’s d z P value Cohen’s d

Morning 2 6.1 6.0 to 6.2 Nocturnal
(ref)

(ref)

Morning 3 6.2 6.1 to 6.4 Nocturnal 1.4 0.15 −0.08

Night 2 5.4 5.2 to 5.6 Daytime
−11.2 <0.0001 0.49

(ref)

Night 3 4.8 4.4 to 5.2 Daytime −3.7 <0.0001 0.27

Quick return 2 5.5 5.4 to 5.7 Nocturnal −4.6 <0.0001 0.36

z, p: linear mixed models analysis, adjusted for age, insomnia and sleep medication.
*Model formula between shifts (morning vs night or morning vs QR): sleep_duration = shift_group + age + insomnia + medication, and 
between workdays.
†Sleep_duration = workday + age + insomnia + medication. Cohen’s d: difference in means/pooled SD.

Figure 2 (A) X: Independent variable=shift type, Y: 
Dependent variable=pain, path c (X→Y) indicates that the 
independent variable is associated with the dependent 
variable. (B) Mediation model. X: Independent variable, Y: 
Dependent variable, M: Mediator (sleep duration), path a 
(X→M): Independent variable is associated with the mediator, 
path b (M→Y): Mediator is associated with the dependent 
variable, path c′ (X→Y): Independent variable is associated 
with the dependent variable, while controlling for M.

https://dx.doi.org/10.1136/bmjopen-2019-035533
https://dx.doi.org/10.1136/bmjopen-2019-035533
https://dx.doi.org/10.1136/bmjopen-2019-035533
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consecutive workdays or depended on shift type. For 
headache, we found potential support for a sleep- relieving 
effect on headache after working several nights in a row. 
There was no conclusive support for the second hypoth-
esis, that the risk of pain complaints is elevated after QR, 

since pain complaints were not more severe after QR 
than after morning shifts.

A few secondary findings deserve mentioning. Sleep 
loss seemed to accumulate from workday 2 to workday 
3 following night shifts. Sleep duration was also shorter 

Table 3 Separate unadjusted and adjusted analyses testing the effect of shift type, workday and its interaction on six different 
pain regions as dependent variables

Unadjusted analyses† Adjusted analyses‡

OR 95% CI P value OR 95% CI P value

Headache

  Shift type (night vs morning) 1.02 0.67 to 1.54 0.944 1.02 0.67 to 1.54 0.942

  Workday (3 vs 2) 1.42 0.9 to 2.22 0.128 1.46 0.93 to 2.29 0.103

  Shift type×workday 0.5 0.25 to 1.02 0.056 0.5 0.25 to 1.02 0.055

Neck, shoulder and upper back pain

  Shift type (night vs morning) 0.84 0.54 to 1.32 0.458 0.84 0.54 to 1.32 0.449

  Workday (3 vs 2) 1.36 0.86 to 2.16 0.194 1.52 0.54 to 1.32 0.076

  Shift type×workday 1.04 0.52 to 2.09 0.912 0.96 0.47 to 1.94 0.907

Upper extremity pain*

  Shift type (night vs morning) 0.79 0.58 to 1.08 0.139 0.83 0.58 to 1.18 0.294

  Workday (3 vs 2) 0.9 0.58 to 1.37 0.614 0.87 0.54 to 1.38 0.546

  Shift type×workday 0.95 0.48 to 1.86 0.88 0.92 0.43 to 1.97 0.835

Low back pain

  Shift type (night vs morning) 1.4 0.83 to 2.34 0.205 1.73 1.02 to 2.92 0.042

  Workday (3 vs 2) 1.06 0.61 to 1.84 0.836 1.1 0.63 to 1.95 0.734

  Shift type×workday 0.73 0.32 to 1.7 0.467 0.75 0.32 to 1.76 0.511

Lower extremity pain

  Shift type (night vs morning) 0.35 0.2 to 0.61 <0.001 0.39 0.22 to 0.69 0.001

  Workday (3 vs 2) 0.9 0.54 to 1.53 0.708 0.91 0.54 to 1.54 0.719

  Shift type×workday 1.1 0.47 to 2.6 0.826 1.09 0.46 to 2.59 0.851

Abdominal pain

  Shift type (night vs morning) 3.59 2.11 to 6.13 <0.001 3.17 1.8 to 5.6 <0.001

  Workday (3 vs 2) 0.99 0.55 to 1.79 0.984 0.99 0.54 to 1.84 0.984

  Shift type×workday 1.33 0.58 to 3.03 0.501 1.27 0.54 to 3.02 0.583

Adjustment variables: age, use of medication to sleep, work and lifestyle factors, baseline sleep problems and baseline pain.
*Dependent variable was dichotomised, due violation of the proportional odds assumption. Model formula (for headache as outcome variable) for unadjusted 
analyses.
†Headache = group×day, and for adjusted analyses.
‡Headache = group xworkday + age + medication + job_demands + relaxed_org_climate + insomnia +habitual_headache.

Table 4 Separate unadjusted and adjusted analyses testing the effect of quick returns versus morning shifts on six different 
pain regions as dependent variables

Unadjusted analyses Adjusted analyses

OR 95% CI P value OR 95% CI P value

Headache 1.35 0.80 to 2.29 0.263 1.24 0.73 to 2.11 0.434

Neck, shoulder and upper back pain 1.16 0.68 to 1.97 0.581 1.12 0.68 to 1.87 0.650

Upper extremity pain* 0.62 0.34 to 1.13 0.118 0.56 0.29 to 1.09 0.089

Low back pain* 0.90 0.54 to 1.52 0.699 0.87 0.50 to 1.51 0.624

Lower extremity pain 1.75 0.97 to 3.15 0.062 1.58 0.89 to 2.79 0.118

Abdominal pain 1.32 0.73 to 2.39 0.366 1.32 0.76 to 2.27 0.324

Analyses were adjusted for use of medication to sleep, age, work and lifestyle factors, baseline sleep problems and baseline pain.
*Dependent variable was dichotomised, due violation of the proportional odds assumption.
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after night shifts in general and after QR, compared 
with after morning shifts. Furthermore, night shifts 
were in general associated with increased risk for pain 
complaints in the lower back and abdomen (vs morning 
shifts), but reduced risk for lower extremity pain.

Several studies have reported that shift work or night 
shift is associated with pain,24–30 although contradicting 
studies also exist.31 32 In cross- sectional and longitu-
dinal studies, participants are typically asked about 
their pain complaints retrospectively for a week, month 
or year (eg, ‘please rate the pain that you experienced 
during the previous week/month/year’). Recall bias is 
a known limitation in such study designs. Another issue, 
that may affect the results, is that pain complaints may 
exhibit quite large day- to- day variation.18 The present 
study asked participants to rate their pain daily across a 
28- day period. By this ‘naturalistic design’, we aimed to 
determine whether presumably challenging shift sched-
ules were followed by new pain complaints or elevation 
of existing pain complaints.

There seems to be support for a higher risk for head-
ache after three night shifts than after three morning 
shifts, although the association was borderline signifi-
cant (p=0.055). Still, looking further into the direct and 
indirect effects indicate that longer sleep duration may 
protect against the effect of consecutive night shifts. 
Previous findings indicated that sleep duration did not 
mediate the association between shift work and head-
ache when consecutive days were not in the model.13 
The present results may indicate that headache needs 
to accumulate over a few days in order to be relieved by 
sleep. The positive association between shift work and 
headache was not explained by sleep length in a recent 
prospective Danish study,33 despite that insomnia 
disorder was found to have a long- term effect on head-
ache in a prospective Norwegian study.34 Further inves-
tigations into the association between night shift, sleep 
and headache are needed. For the remaining five pain 
outcomes, our results indicate that three repetitions of 
night shifts were not more detrimental than three repe-
titions of morning shifts. In a previous study based on 
the same material, we found that night work increased 
the risk of reporting headache, upper extremity pain 
and abdominal pain.13 That study did not distinguish 
between pain ratings following a single night shift and 
pain ratings following several night shifts in a row. For 
the present study, we hypothesised that pain complaints 
would exacerbate if the nurses worked several night shifts 
in a row, compared with several morning shifts. Except 
for on headache, this hypothesis was not supported. 
One explanation may be that the level of pain in general 
was low. If there is less variance in pain, the associations 
to work shifts will also be weaker. Another explanation 
may be that the number of subsequent shifts was limited 
to three, rendering the exposure dose (consecutive 
nights) too small. The nurses working several consecu-
tive night shifts in the population could also be selected 
or habituated to this schedule; healthy workers coping 

well with this type of exposure. Another explanation 
for why several subsequent night shifts was not neces-
sarily worse than one single night,13 may be related to 
findings that neurobehavioural impairment on the first 
night shift is often greater than on subsequent night 
shifts, due to extended wakefulness.35

QRs was not associated with pain complaints in the present 
group of nurses, indicating that an evening- to- morning 
transition was not more detrimental than two consecutive 
morning shifts. QRs in rotating shift work has been found to 
reduce sleep duration and was associated with more health 
complaints than not working QRs.36 Investigating sleep 
following various shift transitions (QRs, two consecutive night 
shifts, evening or day shifts), no transition encumbered as 
many detriments as QRs, which included short sleep dura-
tion (5.6 hours), prolonged SOL and increased sleepiness.5 
Although the mean sleep duration associated with QR in 
the present data (5.5 hours) was basically identical to that 
reported by Vedaa et al, the 0.61 hour shortening of sleep 
compared with morning shifts was apparently not sufficient 
to affect the nurses’ pain complaints. To our knowledge, 
there is a paucity of studies exploring the association between 
QRs and pain. One study found that less than 10 hours off 
between shifts increased the risk of developing musculoskel-
etal complaints in the neck, shoulder and back.37 A recent 
cross- sectional study on nurses found that QRs the previous 
year were positively associated with number of pain sites.31 
These studies were not diary studies. So, our finding that QRs 
did not seem to influence next day’s pain can be regarded as 
a novel finding.

Daytime sleep after night shifts was 0.9 hours shorter than 
nocturnal sleep after morning shifts. A night shift- induced 
increase in headache and upper- extremity pain, as found 
by Katsifaraki et al13 was not found. A possible explanation 
for the latter, could be that headache and upper- extremity 
pain result from single, rather than consecutive, night shifts. 
Workers typically experiencing these pain complaints may 
be less likely to work several night shifts in a row (‘healthy 
worker effect’). Night shifts were in general associated 
with reduced pain in the lower extremities. This somewhat 
surprising finding could be linked to the activity level during 
night shifts, which is significantly lower than on a morning 
shift.

Some strengths and limitations should to be 
mentioned. Presumably, a diary study design reduces 
recall bias, since subjects are asked to recall pain only 
from the previous 24 hours. Also, given that the diary 
was electronic, a time stamp documented the time of the 
pain assessment. A limitation of the current study was 
a relatively low response rate, potentially introducing 
selection bias and limiting external validity. Another 
limitation was that, despite the 679 nurses answering 
the Diary Questionnaire, less than half worked the 
shift patterns needed for the present two hypotheses, 
reducing statistical power. The participants’ socio-
economic status, however, can probably be regarded 
as homogeneous and the age range covered the full 
spectrum of work life. Finally, we cannot exclude the 
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possibility that alcohol or sleep medication acted as 
a proxy for pain, although the diary explicitly asked 
about medication to sleep.

In conclusion, in this sample of nurses, working three 
consecutive night shifts was potentially associated with 
elevated risk of headache that could be relieved by 
sleep. For the remaining five pain complaints, working 
three consecutive night shifts was not associated with 
elevated complaint risk, compared with working three 
consecutive morning shifts. Moreover, working evening- 
to- morning transitions between shifts did not instigate 
or exacerbate pain complaints compared with working 
two consecutive morning shifts.
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