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1. Introduction

Abstract

Background: Disturbed sleep and pain often co-exist and the
relationship between the two conditions is complex and likely reciprocal.
This 5-year prospective study examines whether disturbed sleep can
predict the onset of multi-site pain, and whether non-disturbed sleep can
predict the resolution of multi-site pain.

Methods: The cohort (n=1599) was stratified by the number of
self-reported pain sites: no pain, pain from 1-2 sites and multi-site pain (=3
pain sites). Sleep was categorized by self-reported sleep disturbance: sleep
A (best sleep), sleep B and sleep C (worst sleep). In the no-pain and
pain-from-1-2 sites strata, the association between sleep (A, B and C) and
multi-site pain 5 years later was analysed. Further, the prognostic value of
sleep for the resolution of multi-site pain at follow-up was calculated for
the stratum with multi-site pain at baseline. In the analyses, gender, age,
body mass index, smoking, physical activity and work-related exposures
were treated as potential confounders.

Results: For individuals with no pain at baseline, a significantly higher
odds ratio for multi-site pain 5 years later was seen for the tertile reporting
worst sleep [odds ratio (OR) 4.55; 95% confidence interval (CI)
1.28-16.12]. Non-disturbed (or less disturbed) sleep had a significant effect
when predicting the resolution of multi-site pain (to no pain) (OR 3.96;
95% CI 1.69-9.31).

Conclusion: In conclusion, sleep could be relevant for predicting both the
onset and the resolution of multi-site pain. It seems to be a significant
factor to include in research on multi-site pain and when conducting or
evaluating intervention programmes for pain.

The number of painful locations has been shown to
be more strongly associated with health-related func-

Low back pain (LBP) is often concurrent with pain
from other body sites. Individuals with localized LBP
report better perceived health, less pain severity,
shorter pain duration and shorter time with pain the
previous year compared with individuals with LBP
accompanied by widespread pain (Natvig et al., 2001).
This group also reports their sleep to be better than
those with LBP and widespread pain, defined as LBP
and, in addition, pain from four or more sites of the
body (Natvig et al., 2001).
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tioning than chronicity or location of the pain
(Saastamoinen et al., 2006). Multi-site pain is associ-
ated with an increased risk of sickness absence (Haukka
et al., 2013), disability pension (Kamaleri et al., 2009b)
and poor self-rated work ability (Miranda et al., 2010).

Sleep problems is a factor associated with both pain
(Smith and Haythornthwaite, 2004; Fishbain et al.,
2010; Alsaadi etal., 2011) and sickness absence
(Sivertsen et al., 2006, 2009; Akerstedt et al., 2007;
Salo et al., 2010).
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Multi-site pain and sleep

What'’s already known about this topic?

e Disturbed sleep and pain are often concurrent
and the relationship between them is reciprocal.

e Sleep seems to predict the onset and resolution
from chronic widespread pain.

What does this study add?

e Disturbed sleep seems to be a predictor for the
onset of multi-site pain 5 years later among indi-
viduals free from pain at baseline.

e Non-disturbed sleep is a potential predictor of the
resolution from multi-site pain 5 years later.

In a review from 2010, investigating the relation-
ship between chronic pain and sleep disorder, the
presence of a bidirectional relationship between sleep
and pain could not be excluded (Fishbain et al., 2010).
Insufficient sleep or short sleep duration has shown
to be associated with subsequently increased self-
reported pain intensity (Edwards et al., 2008; Haack
et al., 2012) and inadequate pain inhibition (Edwards
et al., 2009; Campbell et al., 2011; Haack et al., 2012).
There are, however, few longitudinal studies that have
investigated the effect of disturbed sleep on pain. A
28-year follow-up study showed that disturbed sleep
at baseline was a significant predictive factor for hos-
pitalization due to back pain, even after excluding
participants with back pain at baseline (Kaila-Kangas
et al., 2006). Gupta and colleagues found, after con-
trolling for pain at baseline, that self-reported sleep
problems, somatic symptoms and illness behaviour all
predicted the onset of chronic widespread pain (CWP),
defined as pain present from two contralateral quad-
rants of the body, above and below the waist, and in
the axial skeleton (Gupta et al., 2007).

It is of clinical value to know more about predictive
factors for multi-site pain. Previously having been in
pain is a strong predictor of multi-site pain (Kamaleri
etal.,, 2009a) and CWP (Gupta etal.,, 2007). Self-
reported problems with sleep have shown to be pre-
dictive of the onset of CWP (Gupta et al., 2007) and
restorative sleep has been shown to predict resolution
of CWP (Davies et al., 2008). To the best of our knowl-
edge, there is no prospective study that has investi-
gated disturbed sleep as a predictor of the onset and
resolution of multi-site musculoskeletal pain in which
the cohort has been stratified by the number of pain
sites. We hypothesize that disturbed sleep (including
the dimensions, difficulties falling asleep, repeated
awakenings, premature final awakening, not feeling
well-rested at awakening and disturbed/restless sleep)
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predicts the onset of multi-site (musculoskeletal) pain
5 years later among individuals free from pain at base-
line, and that good sleep predicts the resolution of
multi-site pain 5 years later.

2. Methods and materials

2.1 Data

The present study is based upon data from the MUSIC (Mus-
culoskeletal Intervention Centre) — Norrtdlje Study, a study
initiated in order to identify and quantify risk and protective
factors for LBP and NSP, and to investigate pain prognoses. In
the MUSIC-Norrtédlje Study, data were assessed at two time
points. The study was designed as a prospective case-referent
study with one 5-year follow-up of all cases and referents
that participated in the baseline study. The total response
rate of the 2812 individuals recruited was 83 %. The baseline
study was conducted during 1994-1996. Approximately
17,000 men and women, 20-59 years of age, who were
living and working in the rural municipality of Norrtdlje in
Sweden, comprised the study population. The cases were
recruited when participants sought care for LBP or NSP from
1 of approximately 70 caregivers in the area, including phy-
sicians, physiotherapists and alternative caregivers, such as
chiropractors, osteopaths and homeopaths. Referents,
matched by age and gender, were chosen at random via the
population register. The inclusion criteria for the MUSIC-
Norrtédlje study were to be working, and to not have sought
care for, or been treated for LBP or NSP, for at least 6 months
prior to baseline assessment. Individual and demographic
data, information on LBP and NSP, sleep disturbance and
other medical conditions, and also on work-related expo-
sures were assessed through self-administered question-
naires and interviews among both cases and referents
(Grooten et al., 2004b, 2007). The 5-year follow-up was
conducted using postal questionnaires. Census data on sick-
ness absence (>14 consecutive days) were taken from the
National Social Insurance Board and linked to each of the
2329 subjects who participated in both the baseline study
and at follow-up.

The MUSIC-Norrtdlje study was approved by the Ethics
Committee of Karolinska Institutet (Dnr 03-139; Dnr
93-255).

The present study is designed as a 5-year prospective
cohort study, which considers all participants with data from
baseline and follow-up regardless of whether they were cases
or referents in the original MUSIC-Norrtédlje study.

An exclusion criterion based upon some diseases associ-
ated with chronic pain was however added. In the baseline
questionnaire, the participants were asked to state whether
they had (1) vascular pain from legs; (2) disease from nerves
(brain, spinal cord, peripheral nerves); (3) joint reconstruc-
tion (arthroplasty) in hip, knee or other joint; (4) any con-
genital defect in joints, muscles or back; (5) been diagnosed
with rheumatoid arthritis; and (6) been diagnosed with
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ankylosing spondylitis (Bechterew’s disease). If the answer
was yes for any one of these items, the individual was
excluded from the study (resulting in exclusion of 10% of
the cohort). The exclusion criterion was based upon the
assumption that having any one of these conditions would
make it more likely for individuals to have chronic multi-site
pain where sleep might well influence their general health,
but would be less likely to have an impact on the onset or
resolution of pain. The cohort included all subjects with valid
data from baseline and follow-up, not reporting any of the
above medical conditions.

2.2 Baseline data

Sleep disturbance was assessed through a modified version of
the Karolinska Sleep Questionnaire, using a 5-item Likert
scale (Akerstedt et al., 2002a, 2008). To obtain a value for
sleep disturbance, a sleep disturbance index (Akerstedt et al.,
2002b, 2008) with the following five questions was used:
During the last 6 months have you had (1) Difficulties falling
asleep?; (2) Repeated awakenings with difficulties going
back to sleep?; (3) The feeling of not being well-rested when
waking up?; (4) Premature (final) awakening?; (5)
Disturbed/restless sleep? The respondents could select
between 1 — never; 2 — seldom/a few times per year; 3 —
sometimes/several times per month; 4 — most of the time/
several times per week; 5 — always, every day. The eligible
sum of score ranged from 5 to 25.

The distribution of sleep scores (including all 2329 indi-
viduals with baseline data) enabled us to divide sleep into
tertiles with the following cut-offs: <10 (sleep A), 11-13
(sleep B) and >14 (sleep C). Sleep A represents the tertile
with best sleep and sleep C represents the tertile with worst
sleep.

Multi-site pain was defined using items from a modified
version of the Standard Nordic Questionnaire (Kuorinka
et al., 1987): Have you had discomfort (pain, ache, discom-
fort) at any time during the last 6 months from (1) neck; (2)
shoulder/shoulders; (3) elbow/elbows; (4) hand/hands/
wrist/wrists; (5) upper back (thoracic); (6) lower back; (7)
hip/hips; (8) knee/knees; and (9) foot/feet? We made no
distinction between unilateral and bilateral pain, entailing,
e.g., that if pain was reported from both elbows, the two
elbows were treated as just one pain location. Thus, the total
number of pain locations was nine.

The same items for assessment of pain sites were used at
both baseline and follow-up. In both questionnaires, the
questions were supplemented with an illustration of the body
parts in question. The expression ‘multisite pain’ has been
used in other studies (Kamaleri et al., 2009b; Solidaki et al.,
2010) but with different specifications of how many sites
should, in general, form a cut-off. The cut-off used in the
present study (=3 sites) is based upon the results in a study by
Kamaleri and colleagues, using the same questionnaire. In
that study, individuals with three or more pain sites were
found to show an increased risk for work disability (Kamaleri
et al.,, 2009b). To establish whether the same cut-off was
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reasonable for the present study, a binary logistic regression
analysis of sickness absence (for >14 consecutive days at any
time during the 5-year study period) was made with the
numbers of pain sites as independent factors adjusted for age
and gender. The analysis showed an OR of 1.9 (p = 0.001) at
the level of three pain sites (for two pain sites OR =1.4;
p =0.04 and for four pain sites OR = 3.0; p = 0.000).

2.3 Potential confounders

High physical (biomechanical) (Haukka etal., 2012) and
psychosocial (Haukka etal.,, 2011) workload have been
shown to predict the onset of multi-site pain. Apart from the
already-mentioned risk factors, commonly used covariates
in research investigating pain are age, gender, physical
activity, smoking, body mass index (BMI) and psychosocial
circumstances.

In the present study, age (continuous), gender, inclusion
as case or referent in MUSIC-Norrtdlje, BMI (dichotomized
into <25 and >25 kg/m?) smoking, physical activity, psycho-
social exposures at work and biomechanical exposures at
work were considered as potential confounders and assessed
in questionnaires and interviews at baseline.

Smoking was categorized into (1) non-smoker; (2) smoking
sometimes, e.g., at parties; and (3) smoker.

Physical activity comprised two variables, medium-intensity
exercise and high-intensity exercise, and was assessed by the
questions: (1) To what extent do you at the present perform
regular medium intensity exercise (e.g., jogging, riding, gym-
nastics, dancing)? (2) To what extent do you at the present
perform regular high intensity exercise (e.g., running, foot-
ball, squash)? The variables were allocated to five categories
according to their frequency: (1) 5 days or more per week;
(2) 2-4 days/week; (3) 1 day/week; (4) 1-3 days/month; (5)
almost never/never.

Biomechanical exposures at work were treated in four
variables: working with hands above shoulder level; prolonged
sitting (275% of the working time); manual handling (50N>
260 min/day); and working with vibrating tools (260 min/
day).

Psychosocial exposures at work were considered in eight
variables: (1) few opportunities to learn and develop at work; (2)
high mental demands; (3) low decision latitude; (4) job strain (a
combination of high mental demands and low decision lati-
tude); (5) poor general support at work; (6) low meaningfulness;
(7) high time pressure; and (8) hindrances at work (including
poor work task clarity, poor material or personnel resources,
and/or poor work task support affecting the quality of work
or leading to regular overtime working or neglecting safety
rules to accomplish the work). The variables treating work-
related exposures were assessed in questionnaires and inter-
views. Each of the psychosocial and biomechanical
exposures was dichotomized into exposed or non-exposed.
The construction of the psychosocial and biomechanical
exposures, and of the variables and cut-offs for dichotomi-
zation, is described in detail in previous MUSIC-Norrtilje
studies (Tornqvist et al., 2001; Grooten et al., 2004a).
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5-year follow-up

No pain Pain from 1-2 Multi-site pain

sites (=3 pain sites)

No pain
Does Sleep disturbance affect the
direction of migration?

Pain from 1-2
pain sites

Baseline

Multi-site pain (23 | Does Sleep disturbance affect the
pain sites) direction of migration?

Figure 1 Flowchart describing the study design. The study is designed to
study individuals migrating from one stratum at baseline to a different one
at follow-up. Does disturbed sleep affect the direction of the change in
pain sites?

The distribution of former cases and referents are pre-
sented in the study as a baseline characteristic since cases and
referents might have different pain characteristics. To be
included as a case or referent in the study has been treated as
a confounder in the analysis of the two strata including
individuals reporting pain at baseline.

Further, the prevalence of each pain location was identi-
fied in each pain stratum.

2.4 Statistics

Pain at baseline is considered a strong predictive factor for an
increase in the number of pain sites (Kamaleri et al., 2009a).
Three pain strata were thus formed: no pain, pain from 1-2
sites and multi-site pain. The stratification was used both at
baseline and for the outcomes at follow-up. The design of the
stratification and research questions are described in Fig. 1.
The effect of sleep disturbance in the three pain strata was
analysed for the three outcomes (no pain, 1-2 pain sites and
>3 pain sites) in multinomial logistic regression analyses.
The potential confounders were tested one by one in a
stratified multinomial logistic regression analysis, and
included in the modelling if, after adjustment for age and
gender, they were significantly associated with outcome at a
0.05 level and altered the beta coefficient by more than 10%.

3. Results

In all, 1777 participants had valid data on all the
parameters included (baseline and follow-up). Of
these, 1599 fulfilled the added inclusion criterion (not
having any of the identified medical conditions asso-
ciated with increased musculoskeletal pain). There
were more women (60%) than men in the group
included in the study, and 58% were under 45 years of
age at baseline. Among the participants included in
the study, 622 (39%) had best sleep (sleep A), 481
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(30%) had medium sleep (sleep B) and 496 (31%)
had worst sleep (sleep C).

Further, 881 participants reported multi-site pain at
baseline, whereas 188 reported no pain (Table 1).
Women were more common in the multi-site pain
stratum than in the other two strata. Among the indi-
viduals who reported multi-site pain at baseline, more
also reported the worst sleep (sleep C) than in the
other two pain strata.

Table 1 Background characteristics showing the number of individuals
(n) and percentage of individuals (%) within each pain stratum.

High job strain 3(2 18 (3) 56 (6)

Pain from  Multi-site
No pain  1-2 sites pain
Baseline characteristics n (%) n (%) n (%)
All 188 (11) 530 (33) 881 (56)
Referents 186 (99) 367 (69) 434 (49)
Women 95 (51) 278 (53) 595 (68)
Age, mean (SD) 42 (11) 41 (10) 42 (10)
BMI, mean (SD) 24 (4) 25 (14) 26 (21)
BMI > 25 kg/m? 72(39) 207 (40) 380 (44)
Sleep
Sleep A 106 (56) 254 (48) 262 (30)
Sleep B° 53 (28) 147 (28) 281 (32)
Sleep C© 29 (15) 129 (24) 338 (38)
Smoking
Yes 28 (15) 91 (17) 217 (25)
Yes, sometimes 16 (9) 40 (8) 63 (7)
No 144 (77) 399 (75) 600 (68)
Regular medium intensive exercise
>5 days/week 17 (9) 70 (13) 103 (12)
2-4 days/week 58 (31) 167 (32 258 (29)
1 day/week 40 (21) 113 (21) 170 (19)
1-3 days/month 190100  68(13) 113 (13)
Almost never/never 53(28) 112 (21) 232 (26)
Regular high-intensity exercise
>5 days/week 5(3) 12(2) 16 (2)
2-4 days/week 38 (20) 126 (24) 162 (18)
1 day/week 24 (13) 90 (17) 135 (15)
1-3 days/month 19 (10) 47 (9) 81 (9)
Almost never/never 101 (54) 254 (48) 486 (55)
Exposed to work-related exposures
Manual handling 14 (7) 63 (12) 88 (10)
Hands above shoulder 36 (19) 94 (18) 148 (17)
Prolonged sitting 34(18) 102 (19) 170 (19)
Vibrating tools 21 (11) 77 (15) 111 (13)
High mental demands 37 (200 113 (21) 240 (27)
Low decision latitude 30 (16) 90 (17) 184 (21)
Poor general support at work 48 (26) 172 (33) 311 (35)
Low meaningfulness 20 (11) 70 (13) 122 (14)
(
High time pressure 20 (11) 73 (14) 139 (16)
Low possibilities to learn 28 (15) 103 (19) 225 (26)
High hindrances 52 (28) 166 (31) 311 (35)

Best sleep.
PMedium sleep.
‘Worst sleep.
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Table 2 Pain locations reported by participants with no pain at baseline,
but reporting multi-site pain at follow-up, number of individuals (n), per-
centage within each sleep group (%).

Sleep A® Sleep B® Sleep C° Total
Pain site n=7 n==6 n=8 n=21
Neck, n (%) 6 (86) 5 (83) 5 (63) 16 (76)
Shoulder(s), n (%) 6 (86) 6 (100) 6 (75) 18 (86)
Elbow(s), n (%) 0(0) 1(17) 1(13) 2 (10)
Hand/wrist, n (%) 1(14) 1(17) 2 (25) 4 (20)
Thoracic spine, n (%) 3 (43) 4 (67) 2 (25) 9 (43)
LBP, n (%) 4 (57) 4 (67) 7 (88) 15 (71)
Hip(s), n (%) 4 (57) 1(17) 3(38) 8 (38)
Knee(s), n (%) 1(14) 2 (33) 4 (50) 7 (33)
Foot/ankle, n (%) 1(14) 0 (0) 1(13) 2 (10)

LBP, low back pain.
Best sleep.
PMedium sleep.
‘Worst sleep.

3.1 Onset of multi-site pain

Among individuals with no pain at baseline (7 = 188),
51% were women and 55% were under 45 years of
age.

Among the 11% (n=21) who reported no pain at
baseline and multi-site pain at follow-up, the most
frequently reported pain sites at follow-up were
shoulder/shoulders (86%), neck (76%), lower back
(71%) and thoracic spine (43 %). These 21 participants
were rather evenly distributed across the three sleep
categories (sleep A 33%; sleep B 29%; sleep C 38%)
(Table 2).

BMI ftulfilled the criteria for confounding and was
therefore included in the full model. BMI > 25 kg/m?
showed a negative association with multi-site pain at
follow-up, but no association with 1-2 pain sites at
follow-up (data not shown).

In the multinomial logistic regression analysis, the
worst sleep tertile (sleep C) showed a significantly
higher odds ratio (OR 4.55; 95% CI 1.28-16.12 in the
full model) for reporting multi-site pain (pain from >3
sites) in the no-pain-at-baseline stratum. The medium
sleep tertile (sleep B) also showed a higher odds ratio
for reporting multi-site pain at follow-up, but the
increase was non-significant (OR 2.31; 95% CI 0.66—
8.09 in the full model). The same trend for sleep
A-sleep C was not seen for the pain-from-1-2-sites
outcome at follow-up (Table 3).

3.2 Resolution of multi-site pain

Among the individuals with multi-site pain at baseline
(n=881), 68% were women and 57 % were under 45
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of age. A majority of those who reported multi-site
pain at baseline also reported multi-site pain at
follow-up (69%), and very few (6%) reported no pain
at follow-up.

The most frequently reported pain sites among the
participants with multi-site pain at baseline were
lower back (82%), shoulder/shoulders (79%) and
neck (78%). Pain in the lower back and neck were
reported by 62% of the participants included in the
stratum.

Among the 6% (n=53) who reported multi-site
pain at baseline but no pain at follow-up, the most
common pain sites in this group were neck (74%),
lower back (74%), shoulder/shoulders (68%) and
knees (38%) (Table 4).

Manual handling (250N? 260 min/day) and pro-
longed sitting (=275% ot working time) both fulfilled

Table 3 Multinomial regression analysis presenting odds ratios for
reporting 1-2 pain sites or 23 pain sites at follow-up, stratified by no pain
or 1-2 pain sites at baseline.

1-2 pain sites 23 pain sites
OR 95% Cl OR 95% ClI
No pain Model 1°
Sleep A® 1
Sleep B¢ 1.43 0.71-2.89 2.19 0.65-7.31
Sleep C¢ 0.80 0.31-2.06 4.86* 1.47-16.02
Model 2¢
Sleep A® 1 1
Sleep B¢ 1.44 0.71-2.92 2.24 0.65-7.70
Sleep C¢ 0.81 0.31-2.11 5.27* 1.52-18.23
Model 3f
Sleep A° 1 1
Sleep B¢ 1.43 0.70-2.90 2.31 0.66-8.09
Sleep C¢ 0.90 0.34-2.40 4.55* 1.28-16.12
Pain from Model 1°
1-2 sites Sleep A® 1 1
Sleep B¢ 1.29 0.77-2.17 1.53 0.85-2.73
Sleep C¢ 0.92 0.53-1.59 1.98* 1.11-3.52
Model 2¢
Sleep A® 1 1
Sleep B¢ 1.30 0.77-2.19 1.54 0.86-2.77
Sleep C¢ 0.91 0.52-1.58 1.90* 1.10-3.39
Model 3¢
Sleep A° 1
Sleep B¢ 1.31 0.78-2.21 1.55 0.86-2.79
Sleep C¢ 0.93 0.53-1.62 1.94* 1.08-3.49

Cl, confidence interval; OR, odds ratio.

*Significant result at the 0.05 level.

aCrude.

bBest sleep.

‘Medium sleep

dWorst sleep

eAdjusted for age and gender.

Adjusted for age, gender and body mass index.

8Adjusted for age, gender and inclusion as case or referent.
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Table 4 Pain locations reported by participants with multi-site pain at
baseline, but reporting no pain at follow-up, number of individuals (n),
percentage of each sleep group and of total (%). Prevalence is presented
for the three tertiles of sleep disturbance and in total.

Sleep A? Sleep B® Sleep C© Total
Pain site n=23 n=20 n=10 n=>53
Neck, n (%) 15 (65) 16 (80) 8 (80) 39 (74)
Shoulder(s), n (%) 13 (57) 15 (75) 8 (80) 36 (68)
Elbow(s), n (%) 6 (26) 3(15) 3(30) 12 (23)
Hand/wrist, n (%) 6 (26) 6 (30) 3(30) 15 (28)
Thoracic spine, n (%) 4(17) 6 (30) 3(30) 13 (25)
LBP, n (%) 19 (83) 13 (65) 7 (70) 39 (74)
Hip(s), n (%) 5(22) 6 (30) 3(30) 14 (26)
Knee(s), n (%) 11 (48) 5 (25) 4 (40) 20 (38)
Foot/ankle, n (%) 8 (35) 7 (35) 4 (40) 19 (36)

LBP, low back pain.
Best sleep.
bMedium sleep.
‘Worst sleep.

the criteria for confounding factors and were therefore
included in the full model for the multinomial logistic
regression analysis (data not shown).

Sleep A and sleep B showed higher odds ratios for
no pain at follow-up compared with more disturbed
sleep (sleep C) (OR 3.48; 95% CI 1.61-7.53 for sleep
A, and OR 2.44; 95% CI 1.11-5.36 for sleep B) after
adjusting for age and gender. In the full model, the OR
and the confidence interval increased for both sleep A
(OR 3.96) and sleep B (OR 2.40), and remained sig-
nificant for sleep A at a 0.05 level (Table 5).

4. Discussion

Both hypotheses in this study, (1) that disturbed sleep
predicts (musculoskeletal) multi-site pain 5 years later
among individuals free from pain at baseline and (2)
that good sleep predicts resolution of (musculoskel-
etal) multi-site pain 5 years later, are supported by the
results.

That sleep is a predictor of multi-site pain is in line
with previous research (Kamaleri et al., 2009a), and
the present study implies that the association is also
significant for initially pain-free individuals.

The results indicate that reporting better sleep (or
having less disturbed sleep) is one factor relevant to
predicting the resolution of multi-site pain. To the best
of our knowledge, no study has specifically looked at
this relationship before, although restorative sleep has
previously been shown to be a predictive factor in the
resolution of CWP (Davies et al., 2008).

High physical workload (Haukka et al., 2012), psy-
chosocial work exposures (Haukka et al., 2011) and
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obesity(Haukka et al., 2012; Magnusson et al., 2014)
have, in previous research, been shown to be associ-
ated with the onset of multi-site pain. The potential
confounders had very little influence on the main
findings in our study.

For the present study, sleep disturbance was catego-
rized into tertiles to study sleep disturbance in a
general sense, including several dimensions of sleep
problems.

The stratification by pain and the cut-off used for
multi-site pain were, as in previous studies in this
field, somewhat arbitrary. There are no clear defini-
tions of multi-site pain, and one common way of
establishing a cut-off is to divide the cohort into per-
centiles. Since the cohort in the original MUSIC-
Norrtélje study comprised both cases and referents, a
division of this kind would not have been interpre-
table. Our cut-off, with >3 pain sites, is based upon the
results in previous research (Kamaleri et al., 2009b)
where an increased risk for work disability was seen if
the number of pain sites was >3 (when adjusting for
age and gender). Furthermore, we chose to establish

Table 5 Multinomial regression analysis showing the odds ratios for
reporting fewer pain sites at follow-up (1-2 pain sites or no pain) among
individuals with multi-site pain at baseline.

1-2 pain sites No pain
OR 95% Cl OR 95% Cl
Multi-site pain ~ Model 17
Sleep C* 1
Sleep B 1.23 0.84-1.80 2.64* 1.21-5.76
Sleep A 1.82x 1.25-265 3.72* 1.72-8.02
Model 2¢
Sleep C® 1 1
Sleep B¢ 1.17 0.79-1.72 2.44* 1.11-536
Sleep A 1.75% 1.20-2.56 3.48* 1.61-7.53
Model 3
Sleep C® 1 1
Sleep B¢ 1.11 0.75-1.64 2.26* 1.02-4.98
Sleep A*  1.69* 1.15-2.47 3.25* 1.50-7.07
Model 42
Sleep C* 1 1
Sleep B¢ 1.19 0.79-1.78 2.40 1.00-5.76

Sleep A 1.72%  1.15-2.57 3.96* 1.69-9.31

Cl, confidence interval; OR, odds ratio.

*Significant result at the 0.05 significance level.

Crude.

PWorst sleep.

‘Medium sleep

dBest sleep.

eAdjusted for age and gender.

fAdjusted for age, gender and inclusion as case or referent.

8Adjusted for age, gender, inclusion as case or referent, manual handling,
prolonged sitting.
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the relevance of the chosen cut-off for multi-site pain
in our study group by calculating the odds ratios for
sickness absence when individuals were exposed to
various numbers of pain sites. In a supplementary
analysis (data not shown), we included a variable for
number of pain sites in a model alongside sleep (for
the multi-site pain-at-baseline stratum). This influ-
enced the results to some extent, but did not change
their trend or significance. To stratify, rather than to
include a number of pain sites in the modeling, was an
approach adopted in order to make the results easier
to interpret even in clinical settings. To stratify into
more than three strata was not an option because of
limited statistical power. We wanted the three strata to
reflect three different pain characteristics, with one
pain-free stratum and one multi-site pain stratum,
similar to previous research (Kamaleri et al., 2009b).
We found that, with our multi-site pain cut-off, 55%
reported multi-site pain. Since the original study
included both cases (recruited when seeking care for
LBP or NSP) and referents, it is likely that the ratio
reporting multi-site pain is higher in the present study
than it is in a general population.

The definition of multi-site pain is vague and pri-
marily refers to concurrent musculoskeletal pain
(sometimes including also headache) from several
body sites. We were able to exclude individuals with
medical conditions associated with pain (e.g., rheuma-
toid arthritis, claudication intermittence, nervous dis-
order or stroke), which gave us better control over the
nature of the included participants pain complaints.
We found it relevant to investigate the locations of the
pain reported by the individuals with multi-site pain at
baseline, but no pain at follow-up. Our presumption
was that pain from the extremities might not be of the
same kind as LBP or neck pain (NP). There was a
somewhat lower prevalence of NP, shoulder pain and
pain from the thoracic spine among the individuals
who slept well than among those who slept medium
well or worst. This is worth considering in future
studies.

Due to a paucity of research on multi-site pain, we
have referred to research on CWP in this paper. Multi-
site pain is clinically different from CWP, not only due
to chronicity, but also because CWP traditionally
shares diagnostic criteria with fibromyalgia, i.e., pain
present from two contralateral quadrants of the body,
above and below the waist, and in the axial skeleton
(Gupta et al., 2007; McBeth et al., 2007).

Even though our study indicates a clear trend, some
caution has to be observed in interpreting the results.
Generally, the odds ratios had wide confidence inter-
vals, which indicate limited statistical power and
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uncertainty in risk estimation. When stratifying the
cohort into three strata, the size of the group entering
each analysis became small. When investigating
migration from one extreme (e.g., no pain at baseline)
to another (e.g., multi-site pain at follow-up), the
number of events was few. The trends are however
consistent, which strengthens the presumption that
there is an association. Further research is needed to
establish the strength and size of the association. The
high prevalence of multi-site pain in our study might
have resulted in overestimated odds ratios (Zhang and
Yu, 1998), which is another reason for caution in
interpreting the results.

It is possible that there are other confounders that
should have been included in the analysis. Due to
stratification by pain site, statistical power was lost,
and, accordingly, we chose to be very careful in
including confounders, so as not to lose more power
than necessary. We had no information on the psy-
chosocial factors (except for work-related ones) that
might have been worth testing in the model, which is
a limitation of the study. Also, it would have been
relevant to investigate the variables in terms of pain
severity (pain intensity and disability), so as to exclude
the possibility that the participants who slept well
were actually the ones who had less severe pain or
lower pain intensity. We used a modified version of
the Standard Nordic Questionnaire, which did not
include any items on pain intensity or disability, and
could therefore not exclude the possibility of an effect
of pain severity on sleep and the resolution of multi-
site pain. In a previous study of the cohort (submitted
for publication), however, we saw that the differences
in pain intensity in the lower back and neck/
shoulder(s) for the three sleep categories were small.

The two questionnaires used for assessments of
sleep disturbance and pain sites were both referring to
respective symptom occurrences during the last 6
months. With regard to pain, this could have overes-
timated the events classified as multi-site pain. In pre-
vious studies on multi-site pain, questionnaires
including items on pain during the last 12 months
(Kamaleri et al., 2009a,b), 3 months (Haukka et al.,
2011, 2012) or 1 month (Haukka et al.,, 2013) have
been used.

The MUSIC-Norrtédlje study was, in its design, a
case-referent study, where cases were recruited when
participants sought care for LBP or NSP. Thus, our data
are limited in terms of generalizability in the sense
that, there in our cohort, was a larger proportion of
individuals with pain who had also sought care for
their pain than there is in a general population. Cote
and colleagues found that only one quarter of indi-
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viduals with LBP or NP sought care, and that individu-
als seeking care had worse pain, more disabling pain,
worse physical-role-functioning, and an over-all
poorer health status (Cote et al., 2001). It is also pos-
sible that there is a difference between the cases and
referent with regard to coping strategies. In the
present study, the distribution of cases and referents in
the different sleep tertiles was fairly even and the
effect of sleep remained after adjusting for ‘inclusion
as case or referent’.

Disturbed sleep has been associated with many dis-
orders, among of which pain is just one. Nevertheless,
sleep is rarely discussed as a factor to consider in the
evaluation of intervention programmes, e.g., in mul-
timodal rehabilitation programmes for chronic pain
patients. In clinical settings in Sweden, there are rec-
ommendations to take psychosocial factors into
account when meeting patients with pain, but sleep is
not yet a factor mentioned in these recommendations
(Socialstyrelsen [English: National Board of Health
and Welfare, 2007). We believe that sleep should be
investigated further as a factor in research on indi-
viduals with pain in order to investigate whether
supplementation of the clinical recommendations is
warranted.

In this study, we did not focus on the different
possible causes of disturbed sleep, but rather on dis-
turbed sleep in general as a predictive factor for the
onset or resolution of pain. Data were assessed at two
time points with 5 years in between.

In order to better understand the relationship
between disturbed sleep and pain, prospective studies
should be performed with repeated measurements.
There are some truly interesting research yet to be
performed in order to inquire into possible mecha-
nisms underlying the risk factors for the severance and
maintenance of pain. Intervention studies may inves-
tigate the clinical value of also addressing disturbed
sleep in rehabilitation programmes for individuals
with pain

4.1 Conclusion

The results show that sleep disturbance could be a
relevant factor to consider when predicting multi-site
pain and that non-disturbed (or less disturbed) sleep
might be relevant when predicting the resolution of
multi-site pain. Further research on larger study popu-
lations is needed to better understand the impact of
sleep on the onset and resolution of multi-site pain.
Sleep disturbance should be considered when evalu-
ating rehabilitation programmes for patients with
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multi-site pain so as further to investigate its signifi-
cance in clinical settings.
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