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Abstract
Sleep problems are commonly associated with chronic pain. It is not known whether pain is more related to a particular 
type of sleep problem or to more composite measures of sleep disturbance. The aim of the study was to investigate cross-
sectionally the association between three commonly used sleep problem scales and musculoskeletal pain, when controlling 
for age, lifestyle and work factors. A total of 1032 nurses answered the Epworth Sleepiness Scale, Bergen Insomnia Scale, 
Pittsburg Sleep Quality Index and questionnaires regarding work, personality and lifestyle factors. Data collection started 
in October 2014 and ended in November 2015. Data were analyzed with hierarchical multiple regressions. Musculoskeletal 
pain was associated with Epworth Sleepiness Scale and Bergen Insomnia Scale, with Bergen Insomnia Scale showing the 
strongest association. Post hoc analyses of the most frequently reported pain locations, back pain headache and neck pain, 
confirmed that Bergen Insomnia Scale showed the strongest association. Insomnia seems to be more strongly associated 
with musculoskeletal pain than subjective sleepiness, thus the measures used to explore this association should be carefully 
selected when studying the relation between disturbed sleep and pain.
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Introduction

Background

Shift workers often report sleep problems, such as insomnia, 
poor sleep quality and sleepiness [1, 2]. Among Norwegian 

nurses, around 70% are shift workers. Nurses also constitute 
a large, important risk group for musculoskeletal pain [3]. 
Musculoskeletal problems are associated with high health 
care cost and daily life restrictions [4] and sickness absence 
[5]. It is well documented that several sleep problems are 
associated with increased pain sensitivity and increased 
risk of developing pain [6, 7]. A comprehensive literature 
review by Menefee and colleagues [8], suggested that day-
time sleepiness and insomnia are sleep measures commonly 
associated with chronic pain.

Disturbed sleep may result in daytime sleepiness. Day-
time sleepiness refers to a person’s sleep propensity in their 
everyday life [9]. Changani and colleagues [10] found that 
sleepy individuals presented with a lower pain threshold 
than non-sleepy individuals. Sleepiness has also been asso-
ciated with musculoskeletal pain in longitudinal [11] and 
cross sectional studies [12] and with abdominal pain with 
no identified medical cause [13].

Insomnia refers to difficulties falling or staying asleep. 
Insomnia may be classified by several criteria, of which 
the Diagnostic and Statistical Manual for Mental Disorders 
criteria is the most used for research and implemented in 
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various questionnaires (DSM-5) [14]. Increased risk for 
musculoskeletal pain or headache has been associated with 
insomnia in longitudinal [15, 16] and cross-sectional studies 
[17]. In a large population study of 10,412 persons, having 
insomnia was associated with lower pain tolerance [18]. Fur-
thermore, Dzierzewski and colleagues [19] found that older 
adults suffering from insomnia tended to report more pain 
after a night of reduced total sleep time, which is a feature 
of insomnia.

A widely used sleep measure is the Pittsburg Sleep 
Quality Index (PSQI), which is a global sleep disturbance 
measure, including aspects such as subjective sleep qual-
ity, duration, and efficiency [20]. Higher scores in PSQI 
were associated with higher pain intensity during back-pain 
patient rehabilitation [21].

Despite extensive research on the association between 
sleep disturbances and pain, it is unclear whether pain is 
more related to a particular type of sleep problem (e.g. sleep-
iness or insomnia) or to more composite/unspecific measures 
of sleep disturbance. A range of personal and work-related 
risk factors for musculoskeletal pain were considered. Per-
sonal factors included age [22], lifestyle (e.g. smoking [23]; 
physical fitness [24]) and morningness/eveningness (i.e. 
being more awake and active in the morning/during even-
ing) [25]. Work-related factors included psychological and 
social exposures (e.g. job demands, role conflict, empower-
ing leadership) [26–28], extended work hours [29] and influ-
ence over schedule [30]. Physical workplace factors included 
working in a standing position, lifting heavy or unexpected 
loads [31].

The aim of this cross-sectional study was to determine 
which of the three sleep problem scales (measuring day-
time sleepiness, insomnia, global sleep disturbance) was 
most strongly associated with musculoskeletal pain among 
nurses, when assessed simultaneously, after controlling for 
age, lifestyle and work factors. The primary outcome meas-
ure was a global musculoskeletal index including all body 
regions. As secondary outcome measures, three regions 
commonly reported in literature (headache, neck pain and 
back pain) were analysed as separate outcome variables. 
A better understanding of which sleep problem is associ-
ated with pain could potentially influence nursing working 
policies and shift plans, to lower sickness absence and life 
restrictions influencing their job performance.

Participants

A random sample of shiftworking nurses working in public 
hospitals in Norway was recruited for the current study. In 
total, 1032 nurses participated in the study (male = 10.3%, 
female = 89.7%). Mean age was 41.61 years (SD = 11.20, 
range 22–65 years). The inclusion criteria were working as a 
nurse, working in more than 50% position, having a rotating 

shift schedule including morning, evening and night shifts, 
being 18 years old or older, not being pregnant, not breast 
feeding, and not on sick leave for more than 2 weeks dur-
ing the last 6 months. Correcting for the inclusion criteria, 
the number of eligible nurses receiving the invitation was 
estimated to be approximately 5400. Of these, 4001 asked 
for a login key and were thus interested in participating. 
The data presented in the current study is from the 1032 
subjects completing the questionnaire. The sample size was 
in accordance with criteria given by Field (2009).

Data collection

Data collection started in October 2014 and ended in 
November 2015. An invitation was sent by mail (n = 2000) 
or email (n = 20 500) to randomly selected members of the 
Norwegian Nurses Organisation. The invitation had the title 
‘Shiftwork and health complaints study’, and participants 
were told to respond only if they fulfilled the inclusion cri-
teria. Ethical approval was obtained from the Norwegian 
Regional Committee for Medical Research Ethics (approval 
number 2012/199).

Sleep measures

Daytime sleepiness was measured with the Epworth Sleepi-
ness Scale (ESS) [9]. ESS consists of eight questions meas-
uring average daytime sleep propensity. Items are scored on 
a 0 (no chance of dozing) to 3 (high chance of dozing) Likert 
type scale. Higher scores indicate higher daytime sleepiness. 
ESS is considered to have good test–retest reliability and 
internal consistency [32].

Insomnia was measured with the Bergen Insomnia Scale 
(BIS) [33]. BIS consists of 6 items assessing difficulty to 
initiate and maintain sleep, and nonrestorative sleep over a 
period of at least 1 month which disrupts the person’s eve-
ryday life, according to the DSM-IV-TR [34]. Responders 
reported the number of days per week. Higher total sum 
scores indicate more insomnia symptoms. The scale has 
good psychometric properties [33].

A composite measure of sleep disturbance was obtained 
with the Pittsburg Sleep Quality Index (PSQI) [20]. The 
PSQI consists of 19 items comprising seven factors: sub-
jective sleep quality, sleep latency, sleep duration, habitual 
sleep efficiency, sleep disturbances, use of sleep medication, 
and daytime dysfunction. Items are scored either in terms of 
actual hourly responses, or on Likert type scale responses. 
The seven factors constitute an overall sleep quality score, 
which is used as a measure of global sleep disturbance in 
the current article.

All sleep variables were treated as continuous, without 
any cut-off points.



135Sleep and Biological Rhythms (2018) 16:133–140 

1 3

Musculoskeletal pain

Musculoskeletal pain was measured with the symptoms 
questionnaire by Steingrımsdottir, Vøllestad, Røe and Knar-
dahl [35]. The questionnaire contains 30 questions meas-
uring intensity and duration of various health complaints 
during the last month prior to responding.

For the current study, a musculoskeletal complaint sever-
ity index (MSI) was calculated. MSI was based on 11 ques-
tions measuring the intensity and duration of headache, neck 
pain, pain in left/right shoulder, pain in left/right forearm, 
pain in left/right wrist/hand, back pain, chest pain and pain 
in legs (e.g. ‘Symptoms and complaints last month regard-
ing headache’). Complaint intensity was rated on a scale 
ranging from 0 (not bothered by pain) to 3 (very bothered by 
pain). Complaint duration was ranging from 1 (1–10 days) 
to 3 (21–31 days). A complaint severity score was then cal-
culated for each complaint type by multiplying the inten-
sity score by its duration (score range 0–9). The complaint 
severity index (MSI) was calculated as the mean severity 
score across the musculoskeletal regions, and was treated 
as a continuous variable in the analysis.

To describe the prevalence of localized pain, each one 
of the 11 pain regions measured in the current study was 
treated as a dichotomous variable (complaint intensity scores 
of 1 or more were indicating the presence of pain, while a 
score of 0 was indicating the absence of pain). The most 
prevalent of these pain regions were analyzed as separate 
outcome variables, based on the complaint severity scores 
described above.

Covariates (lifestyle factors and personality traits)

Physical exercise was measured with one item ‘How many 
times per week do you exercise to an extent that your breath 
becomes shortened and/or are sweating’. Answers were 
ranging from 1 (never) to 6 (more than four times per week). 
Smoking and use of oral tobacco were measured with one 
item each, answered in a 0 (no)/1 (yes) format. Alcohol con-
sumption frequency was measured with one item, answered 
on a 1 (never) to 5 (four times per week or more) format. 
Circardian rhythms were measured with 7 items from the 
Horne-Østberg Morningness–Eveningess Questionnaire 
[36], which were then combined into one. Lower scores in 
that scale indicate morningness, while higher scores indicate 
eveningness.

Work factors

Extended work hours were measured with the items ‘How 
many overtime hours have you worked the last 4 weeks’ 
and ‘What is the percentage/extent/size of your full-time 

position’ (which in Norway describes the number of con-
tracted hours worked). Influence over the work schedule 
was measured with one item (‘How much influence do you 
personally have regarding your working schedule’), and 
answers were ranging from 1 (None) to 5 (Very much). 
Napping frequency during nightshift was measured with 
one item (‘How often do you have the opportunity to 
take a nap during your nightshift’), with answers rang-
ing from 1 (Very rarely) to 5 (Very often/always’). Num-
ber of night shifts worked was measured with one item 
(‘Approximately how many nights have you worked the 
last 12 months?’). Having a second (night) job was meas-
ured with two items which were entered separately in the 
analyses (‘Do you have other paid work?’, ‘If yes, does it 
include nightwork?’, answered in a yes/no format).

The psychological and social work factors quantitative 
job demands, role conflict, control of decisions and of 
work pacing, empowering leadership and organizational 
climate were measured with the General Nordic Ques-
tionnaire for Psychosocial and Social Factors at Work 
 (QPSNordic) [37].  QPSNordic subscales were answered in a 
frequency of occurrence scale.

Physical demands of the work environment were meas-
ured with 12 items which were entered as separate factors 
in the analyses. These were the items, with the specific 
questions in parenthesis: ‘Lift objects in uncomfortable 
positions’ (Do you have to lift in uncomfortable posi-
tions?), ‘Work in a standing position’ (Are you working 
in a standing position?), ‘Working in a sitting position’ 
(How long are you working in a sitting position on a 
regular working day?), ‘Working in forward leaned posi-
tion’ (Are you working in forward-leaned positions with-
out support from hands or arms?), ‘Work with the back 
twisted’ (Are you working with your back twisted?), ‘Lift 
loads of 20 kg or more daily’ (Do you daily lift something 
weighting more than 20 kg, and if so, how many times 
per day?), ‘Lift unexpected heavy loads daily’ (Do your 
work tasks include being exposed to sudden unexpected 
heavy loads?), ‘Pull or push objects weighting more than 
50 kg’ (To what degree do your working tasks include 
pushing or pulling persons or heavy objects weighing 
more than 50 kg?), ‘Consider the work environment as 
physically strenuous’ (How physically strenuous do you 
usually experience your working situation?), ‘Manually 
move patients in bed’ (How many times per day, evening, 
night shift do you manually move a patient in bed?), ‘Lift 
or support patients between the bed and the chair and lift’ 
(How many times per day, evening, night shift do you lift 
or support patients between the bed and the chair?), ‘Carry 
or push heavy objects’ (How many times per day, even-
ing, night shift do you lift, carry or push heavy objects?). 
Higher scores indicate a more physically strenuous work 
environment.
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Data analyses

The population prevalence was calculated for each of the 
11 musculoskeletal complaints (regions). Before analyzing 
the data, a missing data frequency analysis was performed 
on the covariates and covariates variables with 5% or more 
of missing data were excluded from the analyses. Multiple 
regression analysis was performed to assess the associa-
tions between musculoskeletal pain and daytime sleepiness, 
insomnia and global sleep disturbance, after controlling for 
age, lifestyle and work factors. For each outcome measure, 
these analyses were performed in the following manner: 
First, a stepwise backward regression was performed with 
the covariates and the three sleep measures. Only the covari-
ates and sleep variables which had associations with chance 
probability p < 0.1 with the outcome variable were retained 
for the final analyses. Next, hierarchical multiple regres-
sions were performed, in which the significant covariates 
were entered at step 1. The sleep measures that survived 
the stepwise procedure were then entered one at a time in 
each of the steps that followed. Standardized beta values (β) 
were used to determine which of the three sleep measures 
(i.e. daytime sleepiness, insomnia, global sleep disturbance) 
had the strongest associations with each outcome variable, 
higher β indicating stronger association [38]. The analyses 
did not violate the assumptions of normality, linearity and 
homoscedasity, which was inspected visually through histo-
grams, P–P plots and residuals plots, respectively. Intercor-
relations between the three sleep measures can be found in 
Table 3. Even though the correlation between PSQI and BIS 
was relatively high (r = 0.718), multicollinearity between all 
variables was within the acceptable range (tolerance > 0.1) 
and average VIF was not substantially greater than 1 [38]. 
In the final analyses, variables with a significance level of 
p < .01 were considered as significant. All analyses were 
performed with SPSS version 23.

Results

Among our sample of nurses, 17.3% reported daytime sleep-
iness (a score of 11 or more in ESS indicated the presence of 
daytime sleepiness), 49.8% had insomnia (a score of 3 days/
week or more in one or more of the first 4 questions and a 
score of 3 days/week or more in one or more of the questions 
5 and 6 of BIS indicated insomnia), and 47.6% experienced 
sleep disturbance (a score of 6 or more in PSQI indicated 
global sleep disturbance).

Prevalence of pain regions

The most commonly reported types of pain were back pain 
(62.3%), headache (60.8%), and neck pain (51.8%) (Fig. 1).

Association between sleep and musculoskeletal 
pain index

ESS and BIS were significantly associated with musculo-
skeletal pain, and according to the standardized beta values 
(β) in Table 1, the association of BIS with musculoskeletal 
pain seemed to be stronger than that of ESS. PSQI was not 
significantly associated with musculoskeletal pain in the 
backward regression, hence it was not included in the final 
analysis (Table 1). Age, working in a forward leaned posi-
tion, and having work tasks that include being exposed to 
sudden unexpected loads were also associated with muscu-
loskeletal pain (Table 1).

Associations between sleep and headache, back 
pain and neck pain

BIS was associated with headache, back pain and neck pain 
complaint severity. ESS was associated with headache and 

Fig. 1  Prevalence of pain 
regions amongst nurses. Values 
were calculated by counting 
complaint intensity scores of 1 
or more
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Table 1  Hierarchical multiple 
regression of sleep on 
musculoskeletal pain

B indicates the individual contribution to the model; SE B indicates the Standard Error of B values across 
different samples; β indicates the change in the number of SDs of the outcome measure resulting from 1 
SD change of the predictor variable; t indicates the significance of each predictor to the model. Smoking, 
job demands and suspicious organizational climate and lifting unexpected loads did not pass the signifi-
cance threshold of p < 0.01
ESS Epworth Sleepiness Scale score, BIS Bergen Insomnia Scale score

B SE B β t p

Musculoskeletal pain (n = 914)
 Age 0.012 0.002 0.192 6.180 p < 0.0005
 Smoking 0.174 0.074 0.071 2.359 0.019
 Job demands 0.076 0.032 0.079 2.403 0.016
 Suspicious organsational climate 0.048 0.027 0.055 1.796 0.073
 Work in forward leaned positions 0.080 0.022 0.115 3.692 p < 0.0005
 Lifting unexpected loads 0.086 0.033 0.083 2.578 0.010
 ESS 0.025 0.006 0.135 4.248 p < 0.0005
 BIS 0.020 0.003 0.243 7.638 p < 0.0005

Table 2  Hierarchical multiple 
regressions of sleep on 
headache, back and neck pain 
complaint severity

B indicates the individual contribution to the model; SE B indicates the Standard Error of B values across 
different samples; β indicates the change in the number of SDs of the outcome measure resulting from 1 
SD change of the predictor variable; t indicates the significance of each predictor to the model
ESS Epworth Sleepiness Scale score, BIS Bergen Insomnia Scale score

B SE B β t p

Headache (n = 923)
 Age − 0.006 0.004 − 0.050 − 1.535 0.125
 Alcohol − 0.121 0.049 − 0.076 − 2.444 0.015
 Lifting objects in uncomfortable positions 0.119 0.048 0.090 2.490 0.013
 Working in standing position 0.106 0.034 0.108 3.116 0.002
 Pusing or pulling objects − 0.066 0.043 − 0.054 − 1.522 0.128
 ESS 0.032 0.012 0.089 2.765 0.006
 BIS 0.046 0.005 0.285 8.998 p < 0.0005

Back pain (n = 945)
 Age 0.020 0.006 0.110 3.450 0.001
 Smoking 0.461 0.228 0.064 2.023 0.043
 Physical exercise − 0.126 0.064 − 0.062 − 1.967 0.050
 Role conflict 0.117 0.083 0.048 1.416 0.157
 Lifting objects in uncomfortable positions 0.248 0.072 0.125 3.463 0.001
 Working in forward leaned positions 0.205 0.072 0.099 2.833 0.005
 BIS 0.043 0.008 0.179 5.557 p < 0.0005

Neck pain (n = 935)
 Alcohol 0.042 0.061 0.022 0.693 0.488
 Empowering leadership − 0.119 0.067 − 0.057 − 1.763 0.078
 Working in forward leaned positions 0.169 0.055 0.101 3.070 0.002
 Having to lift 20 kg or more − 0.127 0.075 − 0.059 − 1.683 0.093
 Lifting unexpected loads 0.248 0.086 0.100 2.880 0.004
 ESS 0.047 0.014 0.109 3.321 0.001
 BIS 0.030 0.006 0.153 4.613 p < 0.0005
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neck pain complaint severity (Table 2). According to the 
standardized beta values in Table 2, the association of BIS 
with all three pain types was somewhat greater than that of 
ESS. PSQI was not significantly associated with localised 
pain in the backward regressions, hence it is not presented in 
Table 2. Age, working in a standing or forward leaned posi-
tion, and lifting objects in uncomfortable positions or lifting 
unexpected loads were also associated with these three pain 
types (Table 2). Intercorrelations between the three sleep 
measures can be found in Table 3.

Discussion

The main findings of the present cross-sectional study were 
that insomnia measured by BIS was more strongly associ-
ated with musculoskeletal pain than sleepiness measured by 
ESS. This was shown both for the global musculoskeletal 
index, and for headache, back pain and neck pain. PSQI total 
score was not associated with any of the pain complaints.

In line with previous research, ESS was associated with 
musculoskeletal pain, headache and neck pain [39]. In addi-
tion, BIS was significantly associated with musculoskeletal 
pain in the present sample, in accordance with other stud-
ies. Chung and Tso [40] found that insomnia was associated 
with musculoskeletal pain symptoms amongst individuals 
suffering from depression, and attributed that finding to 
the distressing cognitions that accompany insomnia. Other 
studies have also found associations between insomnia and 
chronic pain [41–43], neck strain (whiplash), chest pain and 
headache [15].

PSQI total score was not associated with musculoskeletal 
pain in the current study. Alsaadi and coworkers [21] found 
that higher scores in the PSQI were associated with higher 
pain intensity amongst patients with acute low back pain. 
This discrepancy of findings can be explained by the fact that 
the current study controlled for two more sleep factors (i.e. 
daytime sleepiness and insomnia) and other covariates that 
could confound the relationship. It seems that the effects of 
PSQI total on musculoskeletal pain are no longer significant 

when measured simultaneously with other sleep measures. 
As noted above, based on VIF and tolerance values, we did 
not consider multicollinearity to be an issue. However, this 
possibility cannot be excluded completely and may have 
contributed to the lack of association between PSQI total 
and pain complaints.

The results of the present study suggest that, for the pre-
sent population of nurses, sleep complaints influence mus-
culoskeletal pain in a differential way. Insomnia symptoms 
showed a strong association with musculoskeletal pain in 
general and an even stronger association when the three 
most prevalent pains were analyzed separately. Subjective 
sleepiness had a somewhat weaker association with pain 
than insomnia, while PSQI total did not show an association 
with pain. These findings are in line with previous research, 
according to which pain thresholds decrease following sleep 
restriction [44]. Hence, it is not indifferent which sleep 
problems are asked for when investigating the relationship 
between sleep complaints and pain, as well as when treating 
pain [45].

In accordance with previous research also other fac-
tors, apart from sleep measures, were associated with pain 
amongst our sample, such as physical job demands [46] and 
age [22]. Some of the covariates (e.g. role conflict) were 
significant in the first steps of the analyses, however, when 
sleep measures were entered, these covariates did not con-
tinue to be significant. This indicates that, when investigat-
ing other occupational exposures on musculoskeletal pain, 
sleep problems should be taken into account as a potential 
mediator.

The current findings could possibly contribute when 
developing occupational health guidelines for the assessment 
and treatment of pain incidences. Roehrs and Roth [47] and 
Smith and Haythornthwaite [48] argued that the relationship 
between sleep and pain is bidirectional, potentially form-
ing a vicious cycle. Addressing the specific sleep problem 
that an individual may have could possibly put an end to 
that potential circular trajectory and set the grounds for pain 
recovery [45] Future studies should focus on the effects that 
the improvement of specific sleep problems (i.e. daytime 
sleepiness, insomnia) may have on specific types of pain.

Limitations

The cross-sectional nature of the current study does not 
allow for any conclusions of direction of effects to be drawn. 
Our sample mainly consisted of nurses working on rotat-
ing shifts. Since rotating shift workers may have difficulties 
estimating their ‘average sleep’, data obtained with the PSQI 
could be debatable. This possible drawback was intended 
to be accounted for in the analyses by asking the number 
of nights worked during the past year. However, this could 

Table 3  Intercorrelations among the three sleep measures

ESS Epwrorth sleepiness scale, BIS Bergen insomnia scale, PSQI 
Pittsburg sleep quality index (total score)
***p < 0.0005

Pearson correlations (r)

ESS BIS PSQI
ESS 0.233*** 0.219***
BIS 0.233*** 0.718***
PSQI 0.219*** 0.718***
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not be entered as a control variable in the analyses, since 
it did not survive the missing-data analyses. Selection bias 
could have also influenced the current findings, since the 
prevalence of pain complaints in our sample was quite high. 
e.g., the prevalence of back pain in the present sample was 
62.3%, whereas the prevalence of back pain in nurses in 
general has been reported to be 45–47% for nurses working 
shift or night [49]. The relatively high prevalence indicates 
that nurses who agreed to participate were experiencing 
some kind of pain and, therefore, were more motivated to 
participate than nurses not experiencing pain. Thus, it is pos-
sible that the relationship between sleep and pain observed 
in the current study may not be the same for a population 
with lower prevalence of pain. Moreover, the mean age of 
our nurses working on rotating shifts was 41.6 years, and 
this may have contributed to the high prevalence of reported 
pain. Although the response rate for the current study was 
restricted, the socio-economic status of the present study 
can be considered homogeneous and the age range covers 
the full spectrum of occupational life.

Conclusion

In the current restricted population of shiftworking nurses, 
which showed a relatively high prevalence of pain com-
plaints, insomnia was more strongly associated with mus-
culoskeletal pain than subjective sleepiness. While PSQI 
had no association with musculoskeletal pain in this sample, 
this finding should not be generalized outside the current 
population. Designing shift plans that minimize insomnia 
symptoms may be a fruitful approach when trying to address 
musculoskeletal pain amongst nurses.
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