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ABSTRACT

Introduction: Sleep disturbance is often
comorbid with chronic pain disorders, with
emerging evidence suggesting a stronger effect
of sleep disturbance on pain than vice versa;
however, few studies have evaluated the long-
term associations between sleep disturbance
and pain. This study was to examine the asso-
ciations of sleep disturbance with knee pain
severity, number of painful sites (NPS) and
persistent pain in a 10.7-year cohort study.
Methods: A total of 1099 community-dwelling
older adults (age mean ± SD, 63 ± 7.5 years;

51% female) were recruited and followed up at
2.6, 5.1 and 10.7 years later. Data on demo-
graphics, body mass index, physical activity and
comorbidities were collected. At each time
point, sleep disturbance, knee pain severity and
NPS were assessed by using questionnaires.
Multisite pain (MSP) was defined as NPS C 2.
Persistent knee pain or MSP was defined as
having knee pain or MSP at all time points,
respectively. Multivariable mixed-effects mod-
els and log-binomial regression were applied.
Results: In multivariable analyses, sleep dis-
turbance was associated with greater knee pain
severity (b 0.91/unit, 95% CI 0.70–1.11) and
more NPS [(relative risk (RR) 1.10/unit, 95% CI
1.07–1.14] in a dose–response manner. Persis-
tent sleep disturbance was associated with per-
sistent knee pain (RR 1.90, 1.26–2.87) and MSP
(RR 1.29, 1.07–1.56). Persistent knee pain and
MSP were also associated with persistent sleep
disturbance (knee pain: RR = 1.99; MSP: RR =
2.71, both P\ 0.05).
Conclusions: Sleep disturbance was indepen-
dently associated with greater pain severity and
NPS in a dose–response manner. A reciprocal
relationship between persistent sleep distur-
bance and persistent pain suggests treating
either problem could help the other.
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Key Summary Points

Why carry out this study?

Sleep problems are highly prevalent in
patients with chronic pain conditions; the
direction of causality remains unclear.

Evidence of the longitudinal relationships
of sleep disturbance with pain severity
and its distribution is lacking.

We sought to examine the long-term
relationships between sleep disturbance
and pain intensity and multisite pain, and
the persistent impact of sleep disturbance
on pain.

What was learned from the study?

We found that sleep disturbance was
associated with greater pain severity and
more painful sites. Further, there was a
reciprocal relationship between persistent
sleep disturbance and persistent pain.

The findings of this study highlight that
treatment should target both sleep and
pain in pain and sleep management in
clinical practice, and that treating either
problem could help the other.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13042151.

INTRODUCTION

Sleep problems including difficulties in falling
or maintaining asleep and experiencing inade-
quate sleep are common in the general popu-
lation with a prevalence of as high as 56% [1–3].
Poor sleep has been associated with a range of
detrimental health outcomes, such as cardio-
vascular disease, depression and mortality [4, 5].
Musculoskeletal pain is another public health
concern affecting 14–47% of the general popu-
lation [6] and has a significant impact on indi-
viduals’ physical function and quality of life.
Conditions such as back pain, neck pain, and
osteoarthritis typically represent musculoskele-
tal pain [7, 8]. Knee pain is the most defining
symptom of osteoarthritis of the knee that is the
most frequently affected joint [9].

Sleep problems are highly prevalent in
patients with chronic pain conditions; as many
as 88% of patients complain of sleep distur-
bance [10]. The relationship between sleep
problems and pain has been extensively inves-
tigated in prior cross-sectional studies. Tradi-
tionally, it has been thought that the two
conditions are related reciprocally in a bidirec-
tional manner [11]; however, there is accruing
evidence suggesting that sleep problems are
more significant predictors of pain than vice
versa [12–14]. A recent systematic review and
meta-analysis concluded that decline in sleep
quality and quantity was linked to a two- to
three-times risk of developing pain conditions
[15]. Although underlying mechanisms of the
sleep–pain link are not yet fully understood,
neurobiological and inflammatory mechanisms
have been suggested to be involved in the
modulation of pain by sleep problems [16, 17].

Sleep disturbance has been found to be
associated with the resolution and onset of
chronic widespread pain defined on the basis of
the American College of Rheumatology (ACR)
definition [18–21]. However, it has been sug-
gested that the ACR definition is too stringent
to adequately address the impact of pain in
multiple body sites (called multisite pain, MSP)
that is more common and has more impact on
physical and psychological health than single-
site pain [22–25]. To date, research on the
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longitudinal relationship between sleep and
MSP is lacking. In addition, almost all prior
studies investigating the relationship between
sleep and pain used qualitative, not quantita-
tive pain outcome measures and had not more
than two sleep and pain assessments. This has
thus limited the ability to explore the extent to
which sleep influences pain intensity and the
ability to address the long-term relationship
between sleep pattern and persistent pain [15],
which are of particular importance in prevent-
ing and managing both conditions. Therefore,
the aim of this study was to examine the lon-
gitudinal associations of sleep disturbance with
knee pain severity and MSP, and examine the
relationship between sleep disturbance pattern
and persistent knee pain and MSP among
community-dwelling older people.

METHODS

Participants

This study was conducted as part of the Tas-
manian Older Adult Cohort (TASOAC) study,
which is a longitudinal and population-based
cohort study conducted in Tasmania, Australia.
The TASOAC study comprised individuals aged
50–80 years who were randomly selected from
the electoral roll in Southern Tasmania
(N = 229,000) using sex-stratified simple ran-
dom sampling without replacement and three
follow-ups were then conducted at a mean fol-
low-up period of 2.6, 5.1 and 10.7 years. A total
of 1100 were recruited into the study, and 875,
768 and 563 were traced at the subsequent fol-
low-ups, respectively. At each visit, participants
underwent clinical assessments and completed
questionnaires and general interview. This
study was approved by the Southern Tasmanian
Health and Medical Human Research Ethics
Committee (Ref. no. H0006488), and written
informed consent of all participants was
obtained. This study was performed in accor-
dance with the Helsinki Declaration of 1964
and its later amendments.

Sleep Variables

Participants were asked how they feel about
their sleep during the last week using one item
on a 4-point scale from the Assessment of
Quality of Life (AQoL) questionnaire [26] at
each time point with the following response
options: (1) I am able to sleep without difficulty
most of the time; (2) My sleep is interrupted
some of the time, but I am usually able to go
back to sleep without difficulty; (3) My sleep is
interrupted most nights, but I am usually able
to go back to sleep without difficulty; (4) I sleep
in short bursts only. I am awake most of the
night. We defined persistent sleep disturbance if
participants reported either ‘‘3’’ or ‘‘4’’ at all time
points.

Pain Variables

Knee Pain Severity
Knee pain severity was assessed using the Wes-
tern Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain question-
naire at baseline and following three follow-ups.
The WOMAC pain subscale consists of five
questions which ask participants to rate their
pain while walking, climbing stairs, sleeping at
night, sitting/lying and standing. Each question
is scored on a 10-point scale ranging from 0 to
9, with ‘‘0’’ representing ‘‘no pain’’, and ‘‘9’’
representing ‘‘most severe pain’’. A total
WOMAC score was calculated and scored rang-
ing from 0 to 45.

Multisite Musculoskeletal Pain
Musculoskeletal pain site was measured using a
self-reported questionnaire at each time point,
with the question on whether participants had
pain (yes/no) in the seven sites (neck, back,
hands, shoulders, hips, knees or feet). The total
number of painful sites (NPS) was calculated by
summing all sites with a range from 0 to 7. MSP
was defined as pain occurring in two or more
sites [27]. Persistent pain in knees or MSP was
defined if participants reported knee pain or
MSP at all time points, respectively.
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Knee Radiography

A standing anteroposterior semiflexed radio-
graph of the right knee was obtained from par-
ticipants at baseline. The radiograph was scored
for osteophytes and joint space narrowing (JSN)
on a 0–3 point scale using the Altman atlas, as
previously described [28]. Radiographic knee
osteoarthritis (ROA) was defined if the knee had
a score of one or greater for JSN or osteophytes.

Covariates

Participants’ demographic factors were col-
lected by interview and the questionnaires at
baseline including age, sex, emotional prob-
lems, employment, and education level. Partic-
ipants were asked ‘‘how much have you been
bothered by emotional problems during the
past 4 weeks, such as feeling anxious, depressed
or irritable?’’ using one single item from the
Short Form-8 [29]. Response options included
‘‘not at all’’, ‘‘very little’’, ‘‘moderately’’, ‘‘quite a
lot’’ and ‘‘extremely’’. The presence of emotional
problems was defined if participants gave a
response of ‘‘very little’’ or more. Self-reported
employment status was classified as ‘‘employed’’
if participants had a full/part-time job. Educa-
tion attainment was classified into three cate-
gories: ‘‘low level’’ if participants completed
school only; ‘‘medium level’’ if those had a
trade/vocational certificate; and ‘‘high level’’ if
participants had a university degree or above.
Smoking history was defined if participants had
ever smoked at least seven cigarettes, cigar or
pipes every week for at least 3 months. Com-
mon conditions were collected including dia-
betes, heart attack, hypertension, thrombosis,
asthma, bronchitis/emphysema, hyperthy-
roidism, hypothyroidism and rheumatoid
arthritis. The presence of comorbidities was
defined if participants had any comorbidities.
Participants reported all prescribed medication,
and any other over-the-counter medications
they had taken in the last 2 weeks. Pain medi-
cations were extracted and dichotomised into
whether they were used or not (yes/no). Body
mass index (BMI) (kg/m2) was calculated on the
basis of height and weight. As previously

described [30], a pedometer (Omron HJ-003 and
HJ-102, Omron Healthcare, Kyoto, Japan) was
used to measure physical activity, expressed as
steps/day. Participants were asked to wear a
pedometer for seven consecutive days. Number
of steps each day, the duration of wearing and
type of physical activity were recorded. Con-
sidering the potential influence of seasonal
variation, we measured participants’ physical
activity 6 months later. The average steps per
day at both time points were calculated.

Statistical Analysis

ANOVA and ordinal v2 test (Kruskal–Wallis test)
were used in univariable comparisons of cate-
gorical and continuous variables, respectively.
Linear and Poisson mixed-effects models with
random intercept for participants were used to
assess the potential associations of sleep with
pain severity and NPS, respectively, before and
after adjustment for covariates. The advantage
of using mixed-effect models for multiple time-
point longitudinal data is that it can consider
the dependence of repeated observations within
participants and utilise all data including those
who were lost to follow-up. Separate mixed-ef-
fect models with random intercept for partici-
pants and ‘sleep 9 time’ interaction term were
performed to determine the temporal associa-
tions between sleep and pain. Log-binomial
regression was used to examine the reciprocal
relationship between persistent sleep distur-
bance and persistent pain in the knees and MSP.
We used inverse probability weighting to
determine whether our results were influenced
by the participants who were excluded from the
analyses because of loss to follow-up or missing
data [31]. We also performed secondary analyses
in those with ROA at baseline. Stata version 16
(StataCorp, USA) was used for all statistical
analyses. Statistical significance was considered
if a two-tailed level of P value was less than 0.05.

RESULTS

Of the 1100 participants who were recruited in
the study, 1099 attended clinical assessments
and completed general interview and
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questionnaires. Of those, 1008 had complete
data on sleep, pain status and covariates at
baseline. Among them, 818, 720 and 533 par-
ticipants attended 2.6, 5.1 and 10.7-year follow-
up assessments. Compared with participants
who had complete data at 10.7-year follow-up,
the rest of cohort appeared to be older, had a
greater BMI, lower level of physical activity,
more comorbidities and greater WOMAC pain
score and NPS, and had a higher proportion of
participants who took pain medication, being
ever smoker and unemployed, and had more
emotional problems and lower education level.
No differences in sex, sleep disturbance and
ROA were observed (data not shown). At base-
line, the mean age of this sample was 62.9 (SD
7.4), and the sample included 51% women. 38%
reported no interrupted sleep and 60% had
ROA. The mean WOMAC pain score and NPS
were 3.5 (SD 6.0) and 3.2 (SD 2.2), respectively;
45% and 72% of participants had pain in the
knees and MSP. During three follow-ups, over-
all, the mean WOMAC pain, total NPS, the
proportion of individuals having knee pain and
MSP were consistent; and the proportion of
individuals reporting sleep disturbance scores
over time appeared relatively stable (Table S1).

Participants’ characteristics at baseline
according to sleep disturbance are shown in
Table 1. Participants who reported worse sleep
disturbance were more likely to be female,
physically inactive, have comorbidities, take
pain medications, and have emotional prob-
lems, unemployment and lower education
level. WOMAC pain score, NPS and the pro-
portion of participants having knee pain and
MSP increased across sleep disturbance groups
with the lowest score or percentage in those
reporting no interrupted sleep. There were no
differences in age, BMI, ROA and smoking his-
tory across the groups.

The relationships between sleep disturbance
and WOMAC pain and NPS at each time point
are displayed in Fig. 1. Pain severity and NPS
increased with the extent of sleep disturbance
(all P for trend\0.05).

In univariable analyses, worse sleep distur-
bance was associated with a greater WOMAC
pain score compared with those without sleep
disturbance, as detailed in Table 2. Pain severity

increased as the sleep disturbance got worse.
After adjustment for age, sex, BMI, physical
activity, comorbidities, pain medications,
smoking history, emotional problems, employ-
ment, and education level, these associations
remained statistically significant. Similarly, the
extent of sleep disturbance was associated with
greater NPS in a dose–response manner
(Table 3). Participants reporting that their sleep
was interrupted some of the time or worse had
more than a 20% higher risk for having greater
NPS relative to those reporting no sleep distur-
bance in univariable analyses (all P\ 0.05). The
effect sizes were slightly attenuated after
adjusting for covariates, but the results
remained statistically significant. There was no
significant interaction of sleep disturbance and
time with pain.

The presence of persistent sleep disturbance
was associated with persistent knee pain and
MSP in univariable analyses in the whole pop-
ulation, as shown in Table 4. After adjustment
for covariates, the sleep–pain associations were
not largely changed. A reverse relationship was
also observed: both persistent knee pain and
MSP were also associated with persistent sleep
disturbance. Furthermore, the results did not
alter after using the inverse probability weight-
ing (Table S2).

To further explore the relationships between
sleep disturbance and pain in participants with
ROA, we performed secondary analyses in those
with ROA at baseline. We observed similar
results as in the entire cohort; there was a
dose–response relationship between sleep dis-
turbance and pain severity and NPS in both
univariable and multivariable analyses
(Tables S3, S4). In addition, reciprocal associa-
tions between persistent sleep disturbance and
persistent knee pain among participants with
ROA in univariable analysis were observed, and
the results became borderline significant after
adjusting for covariates (Table 5).

DISCUSSION

This study is the first, to the best our knowledge,
to evaluate the long-term relationships between
sleep disturbance and pain, both of which had
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more than two assessments, and the persistent
impact of sleep disturbance on pain. The results
suggest that sleep disturbance was associated
with greater pain severity and more painful sites
in a population-based sample of those with and
without ROA. There was a reciprocal relation-
ship between persistent sleep disturbance and

pain before and after adjustment for covariates,
suggesting a mechanistic link between sleep
disturbance and pain severity and its
distribution.

The current study findings that the preva-
lence of sleep disturbance and musculoskeletal
pain is high in our population were consistent

Table 1 Baseline characteristics of participants according to sleep disturbance

Sleep disturbancea P value

1 (n = 386) 2 (n = 284) 3 (n = 270) 4 (n = 68)

Age (years) 62.9 ± 7.3 62.9 ± 7.7 63.1 ± 7.5 61.8 ± 7.1 0.611

Female (%) 47 52 56 51 0.044

Height (cm) 167.4 ± 9.0 167.5 ± 9.1 166.3 ± 8.8 166.8 ± 9.1 0.203

Weight (kg) 78.1 ± 15.0 77.8 ± 14.8 76.6 ± 14.4 81.4 ± 17.9 0.865

BMI (kg/m2) 27.8 ± 4.7 27.7 ± 4.6 27.7 ± 4.7 29.2 ± 5.9 0.319

PA (steps/day) 8870.0 – 3262.2 8550.6 – 3421.5 8366.6 – 3237.9 8318.8 – 3937.2 0.044

Any comorbidities (%) 58 64 69 57 0.047

ROA (%) 56 64 61 68 0.055

Pain medications (%) 45 64 67 54 < 0.001

Ever smoking (%) 51 50 50 59 0.620

Emotional problems (%) 49 68 75 78 < 0.001

Employed (%) 44 39 36 34 0.022

Education level (%) 0.039

School only 51 60 55 72

Vocational training 35 31 33 22

University or higher 14 9 12 6

WOMAC pain (0–45) 2.0 – 3.9 3.3 – 5.2 4.8 – 6.8 8.4 – 10.4 < 0.001

Number of painful sites (0–7) 2.5 – 2.0 3.2 – 2.1 3.8 – 2.1 4.2 – 2.2 < 0.001

Knee pain (%) 34 48 55 56 < 0.001

Multisite pain (%) 60 77 82 85 < 0.001

Bold denotes statistically significant result. Values are the mean ± SD except for percentages; ANOVA and ordinal v2 test
(Kruskal–Wallis test) were used to test if there was a trend in the mean of each continuous and categorical variable across
sleep disturbance
BMI body mass index, PA physical activity, ROA radiographic knee OA, WOMAC Western Ontario and McMaster
Universities Osteoarthritis Index
a 4-point sleep disturbance scale: (1) I am able to sleep without difficulty most of the time; (2) My sleep is interrupted some
of the time, but I am usually able to go back to sleep without difficulty; (3) My sleep is interrupted most nights, but I am
usually able to go back to sleep without difficulty; (4) I sleep in short bursts only. I am awake most of the night
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with previous studies. This corroborates the
evidence that sleep disturbance [1–3] and pain
occurring in multiple sites [27, 32] are common
in the general population. A number of studies,
to date, have investigated the sleep–pain link
and reported that sleep disturbance is fre-
quently associated with pain [14]. However, the
pain was often assessed by non-quantitative
questionnaires (yes/no) and evidence on how
sleep disturbance patterns affect pain outcomes
is lacking since few studies had sleep and pain
assessments at more than two time points [15].
Therefore, our study not only further consoli-
dates evidence that sleep disturbance is often

comorbid with pain but also extends previous
studies to show the associations between sleep
and pain intensity and its distribution, and to
demonstrate a reciprocal relationship between
persistent sleep disturbance and pain outcome
measures.

We found that sleep disturbance was associ-
ated with greater knee pain score. No study has
investigated longitudinal associations between
sleep disturbance and knee pain intensity, but
this finding is indirectly supported by one pre-
vious clinical trial that has shown the efficacy of
sleep intervention through cognitive beha-
vioural therapy (CBT) on pain reduction over

Fig. 1 Associations between sleep disturbance and pain severity and number of painful sites: aWOMAC pain; b number of
painful sites. P for trend determined by ANOVA test

Table 2 Association between sleep disturbance and WOMAC pain score over time using mixed-effects model in entire
cohort

Sleep disturbancea Model 1 Model 2

b 95% CI b 95% CI

1 Reference Reference

2 0.73 0.32, 1.14 0.48 0.07, 0.89

3 1.54 1.07, 2.01 1.24 0.77, 1.71

4 3.98 3.21, 4.75 3.84 3.07, 4.62

P for trend < 0.001 < 0.001

Bold denotes statistically significant result
a 4-point sleep disturbance scale: (1) I am able to sleep without difficulty most of the time; (2) My sleep is interrupted some
of the time, but I am usually able to go back to sleep without difficulty; (3) My sleep is interrupted most nights, but I am
usually able to go back to sleep without difficulty; (4) I sleep in short bursts only. I am awake most of the night
Model 1: Univariable analysis
Model 2: Adjusted for fixed factors (age, sex, body mass index, physical activity, comorbidities, pain medications, ever
smoking, emotional problems, employment, and education level)
b beta coefficient, CI confidence interval
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6 months in patients with knee OA and
insomnia [33]. The finding that participants
having sleep disturbance were more likely to
have more painful sites is partially in line with
previous studies on widespread pain conducted
in the general population with a follow-up of up

to 18 years, showing that sleep problems were
associated with new onset of widespread pain
[18, 19, 34, 35] and resolution of chronic
widespread pain [20]. To date, very few studies
have investigated the associations between
sleep disturbance and NPS; our finding is

Table 3 Association between sleep disturbance and number of painful sites over time using mixed-effects model in entire
cohort

Sleep disturbancea Model 1 Model 2

RR 95% CI RR 95% CI

1 Reference Reference

2 1.20 1.12, 1.28 1.14 1.07, 1.22

3 1.34 1.24, 1.44 1.25 1.16, 1.35

4 1.42 1.27, 1.58 1.31 1.17, 1.46

P for trend < 0.001 < 0.001

Bold denotes statistically significant result
a 4-point sleep disturbance scale: (1) I am able to sleep without difficulty most of the time; (2) My sleep is interrupted some
of the time, but I am usually able to go back to sleep without difficulty; (3) My sleep is interrupted most nights, but I am
usually able to go back to sleep without difficulty; (4) I sleep in short bursts only. I am awake most of the night
Model 1: Univariable analysis
Model 2: Adjusted for fixed factors (age, sex, body mass index, physical activity, comorbidities, pain medications, ever
smoking, emotional problems, employment, and education level)
RR relative risk, CI confidence interval

Table 4 Relationship between persistent sleep disturbance and persistent knee pain and multisite pain in entire cohort

Model 1 Model 2

RR 95% CI RR 95% CI

Persistent knee pain

Persistent sleep disturbance 2.13 1.41, 3.22 1.90 1.26, 2.87

Persistent multisite pain

Persistent sleep disturbance 1.56 1.30, 1.88 1.29 1.07, 1.56

Persistent sleep disturbance

Persistent knee pain 2.28 1.43, 3.63 1.99 1.23, 3.24

Persistent multisite pain 2.55 1.55, 4.19 2.71 1.59, 4.62

Bold denotes statistically significant result
Model 1: Univariable analysis
Model 2: Adjusted for age, sex, body mass index, physical activity, comorbidities, pain medications, ever smoking, emotional
problems, employment, and education level
RR relative risk, CI confidence interval
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consistent with a 2-year follow-up study, which
reported that sleep disturbance was associated
with greater odds of increased NPS [36]. Our
study, combined with these prospective studies,
indicates a link between sleep disturbance and
greater pain intensity and wider distribution.

The current study assessed the temporal
relationships between sleep disturbance and
pain and found that interactions of sleep dis-
turbance with time on pain intensity and NPS
were not statistically significant. This suggests
that the effect of sleep disturbance on pain did
not change over time. One possible explanation
is that pain intensity and NPS are relatively
stable over time. This is supported by our results
that the mean overall pain score and NPS, as
well as pain across sleep disturbance groups,
were maintained over time, although sleep dis-
turbance and pain are correlated at each
assessment point. Supporting this, previous
research including our own has shown
stable pain intensity trajectories without sub-
stantial pain improvement or worsening over
time [37–41]; and the pattern of reporting NPS
was also found to be stable over a 14-year period
[32].

Our study findings that persistent sleep dis-
turbance was associated with persistent knee
pain and MSP are in part agreement with pre-
vious studies [15, 42, 43]. One study with a
60-month follow-up reported that sleep quality
was associated with prevalent consistent fre-
quent knee pain among participants with or at
high risk of knee OA [42]. In an 11-year
prospective study, Mundal et al. found that
poor sleep predicted persistent chronic wide-
spread pain in a Norwegian general population
[43]. Also, a recent meta-analysis concluded
that persistence of sleep problems is an impor-
tant contributor to worse physical health over
time [15]. Although our study is not comparable
with these studies, these findings reflect that
persistent sleep disturbance plays a critical role
in pain and have shed light on the long-term
impact of sleep pattern on persistent pain. Fur-
ther, a reverse association appears to support a
negative impact of persistent pain on sleep dis-
turbance. These findings highlight that the
impact of sleep problems on pain should be
considered in developing pain therapeutic
strategies and vice versa. There was no interac-
tion with ROA, suggesting that this association

Table 5 Relationship between persistent sleep disturbance and persistent knee pain and multisite pain among those with
radiographic knee osteoarthritis

Model 1 Model 2

RR 95% CI RR 95% CI

Persistent knee pain

Persistent sleep disturbance 2.12 1.27, 3.54 1.64 0.98, 2.76

Persistent multisite pain

Persistent sleep disturbance 1.36 1.08, 1.71 1.21 1.00, 1.47

Persistent sleep disturbance

Persistent knee pain 2.24 1.27, 3.95 1.69 0.93, 3.06

Persistent multisite pain 1.98 1.07, 3.64 1.80 0.95, 3.42

Bold denotes statistically significant result
Model 1: Univariable analysis
Model 2: Adjusted for age, sex, body mass index, physical activity, comorbidities, pain medications, ever smoking, emotional
problems, employment, and education level
RR relative risk, CI confidence interval

Pain Ther (2020) 9:751–763 759



is not modified by the presence or absence of
ROA.

Although the mechanisms involved in the
sleep–pain link are not fully understood, there is
some evidence suggesting that neurobiological
and inflammatory mechanisms may underlie
the association between sleep and pain [16, 17].
Prior experimental sleep deprivation studies
have pointed to hyperalgesic effects related to
experimental disruption of sleep continuity. A
recent study reported that chronic insufficient
sleep may lead to alterations of pain processing
related to habituation and sensitization of cold
pain, which, in turn, may contribute to an
increased risk of developing chronic pain con-
ditions [44]. Further, pain intensity increased
with number of days of sleep restriction [45].
Inflammation is fundamental in alteration of
pain modulation and pain processing [46, 47].
One meta-analysis including 72 cohort and
experimental sleep deprivation studies sug-
gested that sleep disturbance was associated
with an elevated level of inflammatory markers
[i.e. C-reactive protein (CRP), interleukin-6 (IL-
6)] [47]. Interestingly, patients with persistent
insomnia appeared to have a higher CRP as
compared with those with intermittent or never
insomnia [48]. These mechanisms may explain
a dose–response relationship between sleep
disturbance and pain observed in the current
study, as well as the impact of persistent sleep
disturbance on persistent pain where abnor-
malities of pain processing are involved.

More than two assessments of sleep and
quantitative pain, long-term observation per-
iod, and evaluating ROA-specific sleep–pain
relationship are the strengths of this study.
However, several limitations need to be
acknowledged. One of the major limitations is
that sleep was assessed by one item from a self-
reported questionnaire. This subjective ques-
tionnaire does not prospectively record the
quality of sleep and may lead to recall biases.
Second, participants with severe sleep distur-
bance may seek sleep treatments (i.e. CBT or
pharmacological interventions). However, these
data were not collected in this study, which
may have weakened the impact of sleep distur-
bance on pain. Third, NPS was measured by a
yes/no questionnaire which cannot allow for

examinations of whether sleep disturbance was
associated with pain intensity in sites other
than the knees.

CONCLUSION

Sleep disturbance was independently associated
with greater pain severity and NPS in a
dose–response manner. A reciprocal relation-
ship between persistent sleep disturbance and
persistent pain suggests treating either problem
could help the other.
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