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Sleep neurobiological and psychosocial mechanisms explaining the association between insomnia symptoms

Sleep disturbance
symptoms.

and clinical OA-related pain will enable the development of effective treatments targeting both
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1. Introduction

Osteoarthritis (OA) is the most common type of chronic arthritis
[1]. The knee and hip joint are the most commonly affected joints,
and are therefore responsible for the greatest OA burden [2]. While
pain is the key clinical symptom in people with OA [3], OA is also a
leading cause of disability and decreased life functioning in older
adults [2]. Given that people with OA commonly live with symp-
toms for three decades or more, the personal and societal burden,
as well as the healthcare utilization and related costs, are enormous
[4]. Furthermore, the prevalence of OA is expected to increase in the
upcoming decades, concurrent with the aging of world population
and increasing obesity [2].

OA is characterized as a whole joint disease [5,6], with multiple
mechanisms driving the disease processes and contributing to
clinical OA-related pain. These mechanisms are dependent on the
disease stage and disease phenotype, and include, but are not
limited to, matrix degradation, cell apoptosis/senescence, activa-
tion of the innate immune system, metabolic reprogramming and
inflammation [7,8].

The current first-line guideline for OA management is non-
pharmacological and nonsurgical, with disease-based education,
physical activity promotion and exercise therapy as core elements,
and weight management if appropriate [9]. However, treatment
effects of behavioural pain management and exercise therapy on
improvements in clinical OA-related pain, physical function and
quality of life are moderate at best [10,11]. A potential reason for
these suboptimal effects is that pertinent coexisting conditions or
symptoms in people with OA are nowadays largely neglected in OA
management, due to its main focus on joint pain and pain-related
disability [9].

This is especially true for symptoms of insomnia (referred to as
‘insomnia symptoms’ in this narrative review) such as prolonged
sleep onset latency (SOL), increased wake after sleep onset (WASO),
early morning awakenings (EMA) or decreased sleep quality,
amongst others. Indeed, insomnia symptoms are highly prevalent
in people with OA [12—22], and have been clearly shown to be
related to various OA-related clinical features, like pain and dis-
rupted physical functioning [23—36]. Among the various insomnia
symptoms, WASO appears to be most prevalent in people with OA
(i.e., 71—-83%) [22,37], and has been shown to be strongly associated
with a higher clinical OA-related pain intensity and with worse
physical functioning and performance [38]. Hence the presence of
insomnia symptoms is not only an acknowledged factor associated
with clinical OA-related pain, it is also considered a major barrier
for effective OA management, which consists of physical activity
promotion and exercise therapy as key elements [9]. In this context,
it has already been shown that treatment-related improvements in
insomnia symptoms often precede reductions in clinical OA-related
pain, which makes insomnia symptoms a putative treatment target
in people with OA [39—43].

How insomnia symptoms might be associated to clinical pain
intensity is described in a number of reviews for people with
chronic pain (e.g., Refs. [33,44,45]). One systematic review of
studies of mediation found that negative affect/mood, depressive

and/or anxiety symptoms, pain-related emotions and cognitions
(i.e., attention to pain, pain helplessness), fatigue, and cortisol
reactivity (i.e., activation of hypothalamic—pituitary—adrenal (HPA)
axis)) could be linking mechanisms between insomnia symptoms
and clinical pain [45]. Specifically for people with OA, Smith and
colleagues (2009) describe in their conceptual model that dysre-
gulated central nociceptive inhibitory and facilitatory mechanisms,
altered inflammatory processes at serum level (at rest and in
response to pain), negative mood and decreased physical func-
tioning are possible neurobiological and psychological mechanisms
linking insomnia symptoms to clinical OA-related pain [46]. Given
their suggestion for these shared neurobiological and psychological
pathways, and their proposition that both symptoms are promoting
and exacerbating each other, an up-to-date understanding of the
association between insomnia symptoms and clinical OA-related
pain in people with OA is vital. This is not only essential for the
development of effective treatment programs targeting both
symptoms to reduce the patient burden, but also for reducing
health care utilization and related costs in people with OA
[15,47,48].

This aim of the narrative review is to synthesize the current
evidence-based knowledge on the interplay between insomnia
symptoms and clinical OA-related pain in people with OA. It focuses
on two specific goals, namely to provide a description and synthesis
of the evidence of i) the mechanisms underlying the association
between insomnia symptoms and clinical OA-related pain in peo-
ple with OA, and ii) the effectiveness of conservative non-
pharmacological treatments on insomnia symptoms and clinical
OA-related pain in people with OA (as it is currently considered the
first line treatment). Furthermore, we critically appraise the current
state of knowledge regarding these two points and provide a series
of recommendations for further research to increase our under-
standing in this topic.

2. Review methodology

To ensure the quality of this review, it was prepared with the aid
of the SANRA scale, which is developed for assessing the quality of
narrative review articles [49]. Relevant scientific studies were
identified using broad search terms for insomnia symptoms and OA
in Medline (Pubmed), Web of Science, ProQuest PsycInfo and the
Cochrane Library. The database search was done in March 2023 by
two authors (LDB and NR). The search details and results are pro-
vided in Supplementary Material 1. Based on the eligibility criteria,
which are described in detail in Table 1, studies were selected for
this narrative review by LDB and NR.

In the Results section, we synthesize the evidence and provide
the study details of the selected papers with regard to the goals of
this narrative review. First, the mechanisms underlying the asso-
ciation between insomnia symptoms and clinical OA-related pain
are outlined and summarized. This is followed by the description
and synthesis of the evidence on the effectiveness of non-
pharmacological conservative interventions on insomnia symp-
toms and clinical OA-related pain in people with OA.
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Table 1
Eligibility criteria.
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Inclusion criteria

Exclusion criteria

Regarding the narrative review of the mechanisms
underlying the association between insomnia
symptoms and clinical OA-related pain in people
with OA (Goal 1)

Regarding the narrative review of the effectiveness of
conservative non-pharmacological treatments on
insomnia symptoms and clinical OA-related pain in
people with OA (Goal 2)

Regarding the study sample: (a) The study sample
consists of people with OA and insomnia symptoms.
This latter implies that the participants are included in
the original study because they complain or suffer from
(an) insomnia symptom(s), but do not adhere to the
formal definition of insomnia disorder (according to the
Research Diagnostic criteria defined by the American
Academy of Sleep Medicine [94] or according to the
Diagnostic or Statistical Manual of Mental Disorders
(DSM) criteria [95]);

OR (b) the study sample consists of people with OA and
insomnia disorder. This latter implies that the
participants are included in the original study because
they adhered to the definition of insomnia disorder
[94,95];

OR (c) The study sample consists of people with OA in
whom (an) insomnia symptom(s) is/are assessed and
reported as a study outcome. This latter implies that
there is no inclusion criteria in the original study on the
presence of (an) insomnia symptom(s) or insomnia
disorder, but that (an) insomnia symptom(s) is assessed
as a study outcome, and that the study explicitly reports
the values of the assessed insomnia symptom.

AND

A variable in relation to clinical OA-related pain
intensity/severity and (an) insomnia symptom(s) is
assessed.

AND

Full text, peer-reviewed journal paper

The study sample consists of people with OA with
insomnia symptoms OR people with OA and insomnia
disorder OR people with OA who are not specifically

recruited in the original study based on the presence of

(an) insomnia symptom(s) or insomnia disorder.

The experimental therapy is a non-pharmacological
conservative intervention that targets (an) insomnia
symptom(s) or clinical OA-related pain. The control
therapy is a comparator of standard care, an active
placebo, no treatment, attentional, or wait list control.

AND

The effectiveness of a non-pharmacological
conservative interventions on (an) insomnia
symptom(s) and clinical OA-related pain is assessed.
AND

An in full-text described, peer-reviewed, adequately
powered randomized controlled trial.

Studies in which participants with chronic pain in
general are included or studies in people after joint
arthroplasty, are excluded.

Studies that solely describe day-time insomnia-related
consequences (e.g. fatigue, poor concentration,
sleepiness, tiredness, memory problems, day-time
napping) as part of the inclusion criteria or as study
outcome

Studies in which participants with chronic pain in
general are included or studies in people after joint
arthroplasty

Studies in which the experimental therapy consists of
pharmacological treatment, including nutritional
supplements.

Studies that solely describe day-time insomnia-related
consequences (e.g. fatigue, poor concentration,
sleepiness, tiredness, memory problems, day-time
napping) as part of the inclusion criteria or as study
outcome

Feasibility studies with treatment efficacy reporting and
pilot studies

3. Results

3.1. Mechanisms underlying the association between insomnia
symptoms and clinical OA-related pain

The studied mechanisms linking insomnia symptoms to clinical
OA-related pain in people with OA are alterations in nociceptive
modulatory processes, inflammation, depressive symptoms, pain-
related and sleep-related cognitions, and fatigue. In the para-
graphs below, we first describe the evidence per mechanism.
Subsequently, we summarize the evidence across all identified
mechanisms. For details on the study sample characteristics and
the study outcomes, we refer to Supplementary Material 2.

3.1.1. Alterations in nociceptive modulatory processes, insomnia
symptoms and clinical OA-related pain

In people with hip OA [21] and in people with knee OA and
insomnia disorder [32], cross-sectional analyses indicate that sleep

quality (defined with the PSQI) [21] and sleep efficiency (SE -
assessed by diary) [32] are associated with enhanced nociceptive
sensitivity. Indeed, people with knee OA and insomnia disorder
report more signs of central sensitization (assessed via quantitative
sensory testing) than people with knee OA without insomnia dis-
order, and increases in temporal summation of pain are observed in
association with lower SE in people with knee OA [32]. Further-
more, these signs of enhanced central sensitization are linked to the
intensity of clinical OA-related pain [32].

In a randomized controlled trial (RCT) that investigated whether
improvements in insomnia symptoms were linked with alterations
in nociceptive modulatory processes and reductions in clinical pain
in people with knee OA and insomnia disorder [43], poly-
somnography and sleep-diary reported reductions in WASO are
predictive for subsequent reductions in clinical OA-related pain.
However, no parallel changes in laboratory measures of nociceptive
modulation (i.e., conditioned pain modulation and temporal sum-
mation) are found [43].
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Although the available evidence indicates that more signs of
central sensitization are associated with decreased sleep quality,
decreased SE and increased clinical OA-related pain, the role of
nociceptive modulatory processes as a mechanism linking im-
provements in insomnia symptoms to reductions in clinical OA-
related pain is currently mainly unknown in people with OA.

3.1.2. Inflammation, insomnia symptoms and clinical OA-related
pain

One prospective pilot study in people with knee OA and
insomnia disorder provides an indication that improvements in
insomnia severity (assessed with ISI) lead to reductions in clinical
OA-related pain and alterations in inflammatory responses across a
pain testing session (cold pressure test) [41]. More specifically, a
decline in clinical OA-related knee pain during transfer activities,
improved physical function, and a reduced increase in IL-6 and
reduced decrease in tumour necrosis factor-a across the pain
testing session are seen in people with knee OA with improved
insomnia severity, as compared to people with knee OA without
improved insomnia severity [41]. No parallel improvements in
acute experimental pain ratings during the pain testing session in
the people with knee OA with improved insomnia severity are re-
ported. In the same study, further exploratory correlation analyses
in context of IL-6, clinical OA-related knee pain and insomnia
severity changes indicate that insomnia severity change scores are
significantly correlated with clinical OA-related knee pain change
scores during transfer activities, but not with mean IL-6 level
change [41]. Mean IL-6 levels change is also not significantly
correlated with clinical OA-related knee pain change scores during
transfer activities [41].

Therefore, although the current findings suggest that improving
insomnia severity among people with knee OA and insomnia dis-
order can alter acute inflammatory responses to experimental pain
and reduce clinical OA-related pain during transfers, the clinical
evidence regarding insomnia symptoms governing clinical OA-
related pain and nociceptive sensitivity via inflammatory dysre-
gulations in people with OA remains largely to be investigated.

3.1.3. Depressive symptoms, insomnia symptoms and clinical OA-
related pain

One prospective study was found in people with knee OA who
were not specifically recruited based on the presence of symptoms
of insomnia. However, of the 367 study participants, 31%, 50.0% and
40% reported problems with SOL, WASO, and EMA, respectively. In
this study, depressive symptomatology partially explains the as-
sociation between these insomnia symptoms (i.e., interview-
derived problems with SOL, WASO, and EMA) and clinical OA-
related knee pain at baseline [50]. Furthermore, the baseline level
of insomnia symptoms is predictive of the level of depressive
symptoms, but not intensity of clinical OA-related knee pain at one-
year follow-up [50].

Based on two secondary analyses of RCTs in people with OA and
insomnia disorder [40] or insomnia symptoms (defined as an ISI
>11) [42], inconsistent results are reported on depression in rela-
tion to insomnia symptoms and clinical OA-related pain. While
both studies found that short-term improvements in insomnia
severity (defined as >30% baseline to 2-month reduction on the ISI)
preceded long-term benefits in clinical OA-related pain [40,42], a
long-term improvement in depression was only found in one of
both studies [42]. Hence the role of depression as a putative
mechanism on the path between insomnia symptoms and clinical
OA-related pain in people with OA over time is currently mainly
unknown.
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3.1.4. Pain-related and sleep-related cognitions, insomnia
symptoms and clinical OA-related pain

In people with knee OA and insomnia disorder, pain cata-
strophizing moderates the cross-sectional relationship between SE
and central nervous system sensitization (assessed via quantitative
sensory testing) [32]. Very specifically, SE is associated with central
nervous system sensitization when pain catastrophizing is above
7.4 points on the Pain Catastrophizing Scale. In this study sample of
people with knee OA and insomnia disorder, 77% had a score of 7,4
or higher on the Pain Catastrophizing Scale [32]. Another cross-
sectional analysis indicates that pain catastrophizing and pain
self-efficacy partially mediate the association between insomnia
symptoms (assessed via a single item “how often in the preceding
two weeks they were bothered by trouble falling or staying asleep,
or sleeping too much”) and clinical OA-related pain intensity in
people with knee OA [51]. In this study, participants were not
recruited based on the presence of insomnia symptoms. However,
26%,17% and 27% of the 517 included participants reported trouble
falling or staying asleep, or sleeping too much on several days, more
than half the days, or nearly every day of the week, respectively.

A secondary analysis of an RCT in people with OA and insomnia
disorder reports that people with OA with improved insomnia
severity in the short-term following treatment (defined as >30%
baseline to 2-month reduction on the ISI) have related long-term
improvements in intensity of clinical OA-related pain, fear-
avoidance beliefs and dysfunctional beliefs about sleep, but not in
the level of pain catastrophizing [40]. Considering the conflicting
results on pain catastrophizing, the role of pain catastrophizing on
the path between insomnia symptoms and clinical OA-related pain
is currently unclear. Furthermore, based on the current evidence,
the role of pain-related and sleep-related cognitions and behaviour
as putative mechanisms on the path between insomnia symptoms
and clinical OA-related pain in people with OA remains largely to be
investigated.

3.1.5. Fatigue, insomnia symptoms and clinical OA-related pain

In people with hip OA who were not specifically recruited based
on the presence of insomnia symptoms, but whose mean PSQI
score was 8 points (which is above the cut-off of 5 points and in-
dicates relevant decreased sleep quality [52]), poor sleep quality
(assessed with PSQI) and greater fatigue are associated with
increased odds of exacerbations in clinical OA-related hip pain, as
based on a multivariate regression analysis on cross-sectional data
[53]. However, sleep quality and fatigue do not significantly interact
with each other in this regression model, indicating their inde-
pendent relationship to clinical-OA related pain intensity [53].

Based on two secondary analyses of RCTs in people with OA and
insomnia disorder [40] or insomnia symptoms (defined as an ISI
>11) [42], consistent results are reported on fatigue in relation to
insomnia symptoms and clinical OA-related pain. Both studies
found that short-term improvements in insomnia severity (defined
as >30% baseline to 2-month reduction on the ISI) preceded long-
term benefits in clinical OA-related pain and fatigue [40,42].

Based on the current findings, the role of fatigue as a putative
mechanism on the path between insomnia symptoms and clinical
OA-related pain in people with OA remains largely unexplored.

3.1.6. Narrative synthesis on the mechanisms underlying the
association between insomnia symptoms and clinical OA-related
pain

Although several mechanisms are described in relation to
insomnia symptoms and clinical OA-related pain in people with OA,
only three papers included an analysis that specifically assessed the
mechanism’s mediating role in the association between the
assessed insomnia symptom(s) and clinical OA-related pain
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[50,51,53]. This research indicates that depressive symptoms, pain
catastrophizing and pain self-efficacy partially mediate the asso-
ciation between self-reported problems with SOL, WASO, and/or
EMA and intensity of clinical OA-related pain in people with knee
OA [50,51]. Regarding fatigue, it is indicated that the level of fatigue
does not interact with sleep quality in its association with clinical
OA-related hip pain [53]. Important to mention is that all these
analyses are performed on data collected in cross-sectional studies
and from people with OA who were not specifically included based
on the diagnosis of insomnia disorder, thereby decreasing their
generalizability towards people with OA with insomnia disorder.

3.2. The effectiveness of non-pharmacological conservative
interventions on insomnia symptoms and clinical OA-related pain in
people with OA

Our literature search identified six RCTs (described in 7 papers)
assessing the effectiveness of psychological interventions (n = 3),
physical therapy/exercise programs (n = 2) or physical therapy and
rehabilitation modalities (n = 1) on insomnia symptoms and clin-
ical OA-related pain in people with OA. Below, we first describe
between-group treatment effects per treatment approach for
insomnia symptoms and clinical OA-related pain, and subse-
quently, we synthesize the results across all treatment approaches.
In Supplementary Material 3, an overview of these studies’ sample
and outcome characteristics, together with their main between-
group treatment effects on all assessed treatment outcomes is
provided.

3.2.1. Targeting insomnia symptoms and clinical OA-related pain
via psychological interventions

Three studies assessed the effectiveness of psychological in-
terventions versus other psychological interventions and/or a
control treatment in people with OA and insomnia disorder
[43,54,55] or insomnia symptoms (i.e., ISI >11) [56]. These studies
controlled for the use of sleep-related or pain-related medication in
their eligibility criteria [43] and/or statistical analysis [54—56].

Two studies (outlined in three papers) compared cognitive
behavioural therapies (CBT) which specifically included behav-
ioural sleep management (i.e., CBT for insomnia (CBT-I) or com-
bined CBT for pain and insomnia (CBT-PI)) to a non-behavioural
intervention [54—56]. In the first study, the effectiveness of six 20-
to 30-min sessions of telephone CBT-I spread over eight weeks was
compared to the effectiveness of six 20- to 30-min of educational
control sessions (i.e., educational sessions conducted in an infor-
mative, supportive, nondirective format, with education relevant to
living with chronic OA), also spread over eight weeks [56]. In the
second study, the effectiveness of six weekly 90-min group sessions
of CBT-P (i.e., pain education, physical activation, goal setting,
relaxation, activity pacing, guided imagery, and cognitive restruc-
turing) was compared to the effectiveness of the same amount/
duration of sessions of CBT-PI (i.e., CBT-P plus standard components
of CBT-I) and the same amount/duration of educational content
(i.e., material related to pain and sleep management, in a nondi-
rective, self-help format without homework assignments or guided
practice or instruction in CBT principles, and without daily behav-
ioural self-monitoring) [54,55]. It is found that CBT-I/CBT-PI resul-
ted in greater improvements in insomnia severity (assessed with
ISI) and actigraphy-recorded SE up to 1 year post-intervention
when compared to the control educational treatment [55,56].
These positive results however were not long-term and did not last
when followed up 18 months post-intervention [54]. Only one
study compared CBT-I to a behavioural intervention without a sleep
component (i.e., a behavioural desensitization program designed
an active behavioural placebo, presented as a means of eliminating
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the "conditioned arousal” which prolongs nocturnal awakenings)
[43]. Both the CBT-I and behavioural desensitization program
consisted of eight 45-min sessions, spread over 8 weeks. It was
found that CBT-I did not result in significantly greater improve-
ments in ISI-score or sleep-diary, polysomnography- or actigraphy-
recorded SE at the short and medium-term (6 months) follow-up in
comparison to behavioural desensitization [43]. Only for diary-
reported and actigraphy-recorded WASO, CBT-I resulted in
greater improvements than behavioural desensitization [43].

In the abovementioned studies, no significant differences be-
tween the interventions groups are found for clinical OA-related
pain intensity or pain interference at short-, mid- or long-term
follow-up [43,54—56], with the exception of McCurry et al. (2021)
who reported a significant but not clinically relevant improvement
in OA-related pain at 2 months follow-up [56]. However, post-hoc
analyses on one RCT’s data indicate that people with OA with
greater insomnia severity and clinical OA-related pain intensity at
baseline show significant 18-months reductions in pain when CBT-
Pl is compared to CBT-P [54,55]. This suggests that people with OA
with higher levels of clinical OA-related pain and insomnia severity
may be most likely to experience sustained benefits from specific
sleep management over time [54,55].

3.2.2. Targeting insomnia symptoms and clinical OA-related pain
via physical activity/exercise interventions

Two studies assessed the effectiveness of a physical activity/
exercise intervention versus an educational control treatment in
people with OA [57,58]. No specific inclusion criteria regarding the
presence of insomnia symptoms were applied in both studies.
Furthermore, these studies did not control for the use of sleep or
pain medication in their eligibility criteria or in their statistical
analyses.

A 24-week Tai Ji Quan intervention (i.e., traditional Chinese
exercise characterized by range of motion and low-impact physical
activity) that consisted of three 60-min sessions per week resulted
in significant greater improvements in clinical OA-related pain, in
global PSQI score, and in PSQI-subscales sleep latency, sleep dura-
tion, daytime dysfunction, and total sleep time at the post-
intervention time point, when compared to an education control
treatment (consisting of 60-min bi-weekly wellness education
classes regarding health promotion) [57]. A significant but weak
association is reported between the change in sleep quality and the
change in clinical OA-related pain [57]. A 12-weeks Tai Chi group
exercise program (3 sessions of 60 min per week) resulted in
improved clinical OA-related pain and sleep quality (assessed with
PSQI) at post-intervention and at the 3-month follow-up, when
compared to a 12-weeks wellness educational program (1 session
of 60 min per week) [58]. However, at the 6-month follow-up, no
significant differences in sleep quality or clinical OA-related pain
between the two groups are seen [58]. In this trial, the association
between improvements in sleep quality and clinical OA-related
pain is not specifically assessed. One needs to consider that the
unbalanced treatment arms with regard to number of treatment
sessions provided is a major weakness in the quality of both trials
on the effectiveness of physical activity/exercise interventions.

3.2.3. Targeting insomnia symptoms and clinical OA-related pain
via physical therapy and rehabilitation modalities

One study in people with OA (who were not specifically
included based on the presence of insomnia symptoms) was
identified assessing the effectiveness of 15 sessions of exercise
therapy plus 10 sessions of physical therapy modalities (i.e., hot
pack, therapeutic ultrasound, and transcutaneous electrical nerve
stimulation) in comparison to 15 sessions of exercise therapy alone.
In both groups, there was a significant improvement in sleep
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quality assessed with the PSQI) and clinical OA-related pain after
the treatment [59]. This improvement was significantly greater in
the intervention group for both sleep quality and clinical OA-
related pain. However, when assessing the relationship between
improvements in sleep and clinical OA-related pain, this relation-
ship was not significant. The fact that the treatment arms with
regard to number of provided treatment sessions are not balanced
in this trial, is a major weakness in study quality.

3.2.4. Narrative synthesis on the effectiveness of non-
pharmacological conservative interventions on insomnia symptoms
and clinical OA-related pain in people with OA

Cognitive behavioural interventions including a sleep compo-
nent (CBT-I and CBT-PI) are nowadays the only interventions
studied in high qualitative RCTs (i.e., controlling for pharmacolog-
ical sleep and pain treatment and with balanced treatment arms),
that result in more favourable outcomes on insomnia severity and
SE when compared to an education control [54—56], or WASO
when compared to a behavioural desensitization program [43]. This
is not unexpected since CBT-I is the recommended and effective
primary intervention to treat insomnia symptoms in people with
primary insomnia disorder [56]. Despite the existing evidence for a
bi-directional relationship between insomnia symptoms and clin-
ical OA-related pain in people with OA, CBT-(P)I appears to be no
more effective than other treatments on short-, mid- and long-term
clinical OA-related pain [43,54—56].

4. Discussion including research agenda

Multiple aspects need to be investigated in people with OA and
symptoms of insomnia. First, specific sleep-related treatment tar-
gets with the largest potential to influence clinical OA-related pain,
should be identified. This requires a further understanding of the
mechanisms linking insomnia symptoms to clinical OA-related pain
in people with OA. Second, appropriate interventions should be
designed specifically for these goals.

4.1. Expanding knowledge on mechanisms linking insomnia
symptoms to clinical OA-related pain

The available evidence on the mechanisms influencing the as-
sociation between insomnia symptoms and clinical OA-related pain
indicates that depressive symptoms, pain catastrophizing and pain
self-efficacy mediate the cross-sectional association between self-
reported insomnia symptoms and intensity of clinical OA-related
pain in people with knee OA [50,51]. Hence the sleep-pain associ-
ation in people with OA and its underlying mechanisms remain an
important knowledge gap. Studies with healthy people receiving
experimental pain and people with chronic pain indicate that
several phenotypic factors (i.e., observable characteristics, traits, or
clinical presentations without mechanism implication [60]),
require further investigation in people with OA. These factors
include sociodemographic characteristics (like race, ethnicity, sex
[61—64] and social participation [65]) and psychological variables
(like trait-anxiety and depression [29,66—68], positive and nega-
tive affect [69—73], and pain- and sleep-related cognitions and
behaviour [63,64,74]). The same applies to several endotypes (i.e., a
subtype of a disease condition, implying a distinct pathophysio-
logical mechanism [60]). Here, the dysregulation of the wake and
sleep circadian rhythm [75], the disturbance of sleep architecture
[76], HPA axis dysregulation [77], and a disturbed inflammatory
activity require further investigation in people with clinical OA-
related pain and comorbid insomnia symptoms. The latter is
especially interesting for OA, since inflammation is considered a
driving mechanism of the disease progress in a subset of the OA
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population [7,8]. Therefore, local cellular inflammatory markers
like elevated levels of pro-inflammatory cytokines in the synovium
[78,79], altered levels of systemic inflammatory markers [80—83],
and inflammatory markers in the brain (i.e., increased glial acti-
vation which is indicative of neuro-inflammation [84,85]) can act as
mechanisms underlying the sleep-pain association in people with
OA and comorbid insomnia symptoms. Increases in pain-evoked
cytokine levels are described in people with OA, with serum C-
reactive protein (CRP) levels being associated with pain pressure
thresholds and Interleukin (IL)-6 levels with cold pain tolerance
[86]. This suggests that inflammatory mediators can influence
clinical OA-related pain by influencing nociceptive modulatory
processes. Mechanisms involved in this interaction might be the
pain-evoked cytokine responses, which implicate the sensitizing
effects of inflammatory markers on the afferent nociceptive path-
ways in the spinal dorsal horn and dorsal root ganglia [87], the
mediating effects of these inflammatory markers on increased
synaptic N-methyl-p-aspartate (NMDA) receptor functioning [88],
and potentially even the brain’s microglia [85]. When taking the
anti-inflammatory effect of sleep into account [89], insomnia
symptoms might thus be related to clinical OA-related pain by
further modulating inflammatory processes [81]. In experimental
studies in healthy participants, elevated levels of circulating in-
flammatory markers are observed after sleep restriction, and their
upregulation is strongly associated with increased pain ratings and
spontaneous pain [90,91]. The suggested mechanism underlying
these increases in pain intensity and spontaneous pain following
sleep restriction are the increased glutamate release in the dorsal
horn and dorsal ganglia which is stimulated by the inflammatory
mediator prostaglandin [90,91]. Thereby, prostaglandin facilitates
nociceptive neurotransmission, and increased nociceptive sensi-
tivity by acting on NMDA receptors [92,93]. One should however be
careful with applying knowledge from experimental models of
sleep restriction to clinical insomnia populations, since insomnia
disorder is mainly characterized by disturbed rather than restricted
sleep [37,38,94,95]. Recently Haack and colleagues (2023)
employed in their mechanistic study in healthy participants an
experimental sleep disturbance model which appropriately mimics
the sleep patterns observed in people with chronic pain [96]. It was
demonstrated that experimental sleep disturbances compromised
central pain-inhibitory pathway predominantly in females, and
activated the inflammatory cyclooxygenase pathway (by producing
inflammatory prostaglandins), predominantly in males [97]. This
study provides proof-of-concept that alterations in pain pathways
by sleep disturbance might be sex-specific, implying different pain
therapeutic targets in females and males.

Several lifestyle factors (like obesity, substance intake, smoking,
physical inactivity and psychological distress) are known contrib-
utors to abovementioned phenotypic factors and endotypes in the
context of insomnia symptoms and clinical OA-related pain
[98—103]. Therefore, conceptualizing OA-related pain and
insomnia disorder in people with OA as a system of dynamically
interacting phenomena, which mutually influence each other via
shared underlying factors and mechanisms is pertinent (Fig. 1).

Suitable designs to explain such mechanisms’ interacting effect
on the sleep-pain relationship are RCTs (in which insomnia symp-
toms are addressed in the experimental therapy) or high-intensive
longitudinal designs (to take the highly dynamic nature of all fac-
tors involved into account) [45]. These designs can provide
fundamental insights on how specific insomnia symptoms, clinical
OA-related pain, and underlying driving mechanisms of both
insomnia symptoms and clinical OA-related pain co-develop, co-
occur and interact with each other within one day, from day to day,
and over a longer period of time. This has strong clinical implica-
tions as this knowledge could unravel the specific targets of
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Fig. 1. OA-related pain and insomnia symptoms in people with OA as a system of
dynamically interacting phenomena, mutually influencing each other.

Legend: Evidenced mechanisms on the path between clinical OA-related pain and
insomnia symptoms in people with osteoarthritis are marked with a box, while hy-
pothesized pathways are marked with a circle.

treatment which have the greatest effect on clinical OA-related
pain. High-intensive longitudinal data sampling might thus be an
assessment tool in clinical practice, enabling the identification of
person-specific treatment targets.

4.2. Sleep management integrated in guideline-based conservative
OA care

Based on gained insights in the specific factors and mechanisms
underlying the sleep-pain interaction that are associated with
improved clinical OA-related pain, specific (phenotype- and
endotype-driven) sleep management can be developed for people
with clinical OA-related pain and comorbid insomnia symptoms.
Recent studies showed that cognitive and behavioural aspects of
CBT-I differ in their specific effects in people with insomnia
[104,105], i.e., cognitive components, such as education, acted most
on interference and difficulty initiating sleep, worry, impaired
quality of life, and dysfunctional beliefs, while behavioural com-
ponents, such as bed-time restriction, mainly affected SE, WASO,
EMA, time in bed, sleep incompatible behaviours and bed- and rise
time variability [104,105]. While such evidence gives important
insights into the possible path(s) of how CBT-I components work
for people with insomnia only, it is unclear if these results are
transferrable to the more complex clinical populations such as
people with OA and comorbid insomnia symptoms. In people with
OA and insomnia disorder, there are indications that improvements
in clinical OA-related pain could be more linked with changes in
total sleep time than in other sleep parameters (i.e., SE, SOL, WASO)
[39]. Since both the studies of Blanken et al. (2021) in people with
insomnia and the study of Smith et al. (2015) in people with OA and
insomnia disorder did not find cognitive and behavioural CBT-I
components to affect total sleep time [43,104], the value of these
CBT-I components in people with OA and comorbid insomnia
symptoms might thus be debatable. However, these are
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preliminary results that need to be considered with caution. Firm
research is warranted on the effectiveness of components of CBT-I
on short- and long-term pain responses in people with OA.

Apart from CBT-], it seems appropriate to further explore the role
of other potential sleep-improving interventions for people with OA,
such as physical activity/exercise therapy which were already
demonstrated to have favourable effects on sleep parameters in
older adults [106], and are the key element in the management of
people with OA to improve clinical OA-related pain [9]. High-quality
evidence on the value of physical activity programs or exercise
therapy on improvements in insomnia symptoms is essentially
lacking today in people with OA and comorbid insomnia, as the only
studies available include an intervention in people with OA without
specifically including people with insomnia disorder or insomnia
symptoms [57,58]. The assessment of efficacy and effectiveness of
exercise versus mind-body interventions should investigate,
together with the effect of the frequency, duration, and timing of
these approaches on insomnia symptoms and potential underlying
mechanisms of the sleep-pain interaction (e.g., systemic inflamma-
tion, activation of the stress system). In this context, it may be of
interest to study the added value of a combined intervention of
guideline-based insomnia treatment (i.e., CBT-I) and guideline-based
OA management (education/advice, physical activity promotion,
exercise therapy) [107] on both insomnia symptoms and clinical OA-
related pain in comparison to standard guideline in use.

Research agenda

- Longitudinal prospective studies are needed, in which
neurobiological and psychological mechanisms, and life-
style factors are assessed as potential mediating mecha-
nisms of the bi-directional sleep-pain association in
people with OA and comorbid insomnia disorder.

- Future research should identify the specific aspects of
sleep management which are most linked with clinical
improvement in OA-related pain according to phenotype
of a given individual.

- Randomized controlled trials or pragmatic trials are
needed that examine the effectiveness of a combined
insomnia and OA management on insomnia symptoms
and clinical OA-related pain.

Practice points

In the screening of people with osteoarthritis, attention
should be paid towards.

- the presence of insomnia symptoms by integrating a
sleep-anamnesis in the patient interview, given its high
prevalence in people with osteoarthritis. More specif-
ically, information regarding sleep quality and quantity,
onset and triggers of sleeping problems, sleeping habits,
thoughts and cognitions about sleep, coping behaviours
and treatment history can be gathered.

the presence of depressive symptoms, the level of pain
catastrophizing and pain self-efficacy given their influence
on the interaction between insomnia symptoms and
clinical osteoarthritis-related pain.
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In the management of people with osteoarthritis and comorbid
insomnia symptoms, non-pharmacological sleep management
should be added to usual care, e.g. by integrating CBT-I compo-
nents. This way insomnia symptoms might be improved, thereby
eliminating a major barrier for effective guideline-based osteoar-
thritis care and for general physical and mental health. Improve-
ment in clinical OA-related pain might be expected as well.

Declaration of competing interest

None to declare in relation to this review.

Acknowledgements

This work was funded by the Applied Biomedical Research
Program, Research Foundation Flanders (Fonds voor Weten-
schappelijk Onderzoek Vlaanderen), Belgium (FWO-TBM project
no. TBM2021 - T000521 N - 54252, “Towards PREcision MEdicine
for Osteoarthritis: Added value of cognitive behavioural therapy for
insomnia (the PREMEO trial)”), and by Strategic Research Program
SRP90 (‘Pain Never Sleeps: Unravelling the Sleep-Pain Interaction
in Patients with Chronic Pain’) funded by the research council of the
Vrije Universiteit Brussel, Brussels, Belgium. We thank Tom Jesson
and Dr. Clair Draper for their writing assistance.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.smrv.2023.101793.

References

[1] Safiri S, Kolahi AA, Smith E, Hill C, Bettampadi D, Mansournia MA, et al.
Global, regional and national burden of osteoarthritis 1990-2017: a sys-
tematic analysis of the Global Burden of Disease Study 2017. Ann Rheum Dis
2020;79(6):819—-28.

Hunter DJ, Bierma-Zeinstra S. Osteoarthritis Lancet 2019;393(10182):

1745-59.

Vitaloni M, Botto-van Bemden A, Sciortino R, Carné X, Quintero M, Santos-

Moreno P, et al. A patients' view of OA: the global osteoarthritis patient

perception survey (GOAPPS), a pilot study. BMC Muscoskel Disord

2020;21(1):727.

Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP, et al.

Number of persons with symptomatic knee osteoarthritis in the US: impact

of race and ethnicity, age, sex, and obesity. Arthritis Care Res 2016;68(12):

1743-50.

Brandt KD, Radin EL, Dieppe PA, van de Putte L. Yet more evidence that

osteoarthritis is not a cartilage disease. Ann Rheum Dis 2006;65(10):1261—4.

Lories RJ], Luyten FP. The bone-cartilage unit in osteoarthritis. Nat Rev

Rheumatol 2011;7(1):43-9.

Angelini F, Widera P, Mobasheri A, Blair ], Struglics A, Uebelhoer M, et al.

Osteoarthritis endotype discovery via clustering of biochemical marker data.

Ann Rheum Dis 2022. annrheumdis-2021-221763.

Dainese P, Wyngaert KV, De Mits S, Wittoek R, Van Ginckel A, Calders P.

Association between knee inflammation and knee pain in patients with knee

osteoarthritis: a systematic review. Osteoarthritis Cartilage 2022;30(4):

516—34.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-

Zeinstra SMA, et al. OARSI guidelines for the non-surgical management of

knee, hip, and polyarticular osteoarthritis. Osteoarthritis Cartilage

2019;27(11):1578—-89.

[10] Bierma-Zeinstra S, van Middelkoop M, Runhaar ], Schiphof D. Non-
pharmacological and nonsurgical approaches in OA. Best Pract Res Clin
Rheumatol 2020;34(2):101564.

[11] Mills K, Hiibscher M, O'Leary H, Moloney N. Current concepts in joint pain in
knee osteoarthritis. Schmerz 2019;33(1):22—9.

[12] Allen KD, Renner ]B, Devellis B, Helmick CG, Jordan JM. Osteoarthritis and
sleep: the johnston county osteoarthritis project. ] Rheumatol 2008;35(6):
1102-7.

[13] Jacob L, Smith L, Konrad M, Kostev K. Association between sleep disorders
and osteoarthritis: a case-control study of 351,932 adults in the UK. ] Sleep
Res 2021:e13367.

[14] Louie GH, Tektonidou MG, Caban-Martinez AJ, Ward MM. Sleep disturbances
in adults with arthritis: prevalence, mediators, and subgroups at greatest

[2

3

[4

[5

[6

17

8

[9

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

(26]

[27]

(28]

[29]

[30] Johnsen MB, Magnusson

[31]

(32]

[33]
(34]

[35]

(36]

(37]

(38]

(39]

[40]

Sleep Medicine Reviews 70 (2023) 101793

risk. Data from the 2007 National Health Interview Survey. Arthritis Care Res
2011;63(2):247—60.

Liu M, McCurry SM, Belza B, Dobra A, Buchanan DT, Vitiello MV, et al. Effects
of osteoarthritis pain and concurrent insomnia and depression on health
care use in a primary care population of older adults. Arthritis Care Res
2019;71(6):748-57.

Taylor SS, Hughes JM, Coffman (J, Jeffreys AS, Ulmer CS, Oddone EZ, et al.
Prevalence of and characteristics associated with insomnia and obstructive
sleep apnea among veterans with knee and hip osteoarthritis. BMC Mus-
coskel Disord 2018;19(1):79.

Kwiatkowska B, Ktak A, Raciborski F, Maslinska M. The prevalence of
depression and insomnia symptoms among patients with rheumatoid
arthritis and osteoarthritis in Poland: a case control study. Psychol Health
Med 2019;24(3):333—43.

Gore M, Tai KS, Sadosky A, Leslie D, Stacey BR. Clinical comorbidities,
treatment patterns, and direct medical costs of patients with osteoarthritis in
usual care: a retrospective claims database analysis. ] Med Econ 2011;14(4):
497-507.

Power ]D, Perruccio AV, Badley EM. Pain as a mediator of sleep problems in
arthritis and other chronic conditions. Arthritis Rheum 2005;53(6):911—9.
Taylor-Gjevre RM, Gjevre JA, Nair B, Skomro R, Lim HJ. Components of sleep
quality and sleep fragmentation in rheumatoid arthritis and osteoarthritis.
Muscoskel Care 2011;9(3):152—9.

Bjurstrom MF, Irwin MR, Bodelsson M, Smith MT, Mattsson-Carlgren N.
Preoperative sleep quality and adverse pain outcomes after total hip
arthroplasty. London, England): European journal of pain; 2021.

Wilcox S, Brenes GA, Levine D, Sevick MA, Shumaker SA, Craven T. Factors
related to sleep disturbance in older adults experiencing knee pain or knee
pain with radiographic evidence of knee osteoarthritis. ] Am Geriatr Soc
2000;48(10):1241-51.

Park HM, Kwon Y], Kim HS, Lee Y]. Relationship between sleep duration and
osteoarthritis in middle-aged and older women: a nationwide population-
based study. ] Clin Med 2019;8(3).

Ni J, Zhou W, Cen H, Chen G, Huang ], Yin K, et al. Evidence for causal effects
of sleep disturbances on risk for osteoarthritis: a univariable and multivar-
iable Mendelian randomization study. Osteoarthritis Cartilage 2022;30(3):
443-50.

Cho Y, Jung B, Lee Y], Kim MR, Kim EJ, Sung WS, et al. Association between
sleep duration and osteoarthritis and their prevalence in Koreans: a cross-
sectional study. PLoS One 2020;15(4):e0230481.

Lee MK, Oh JH. The relationship between pain and physical function medi-
ating role of sleep quality, depression, and fatigue. ] Gerontol Nurs
2019;45(7):46—54.

Whibley D, Braley TJ, Kratz AL, Murphy SL. Transient effects of sleep on next-
day pain and fatigue in older adults with symptomatic osteoarthritis. ] Pain
2019;20(11):1373-82.

Whibley D, Kratz AL, Murphy SL. Sleep efficiency moderates the next-day
association between physical activity and pain intensity among adults with
knee osteoarthritis. ] Pain 2022;23(5):59.

Akintayo RO, Yerima A, Uhunmwangho C, Olaosebikan H, Akpabio AA.
Tossing and turning with degenerative arthropathy: an assessment of poor
sleep quality in knee osteoarthritis. Reumatologia 2019;57(4):207—13.

K, Borte S, Gabrielsen ME, Winsvold BS,
Skogholt AH, et al. Development and validation of a prediction model for
incident hand osteoarthritis in the HUNT study. Osteoarthritis Cartilage
2020;28(7):932—40.

Pickering ME, Chapurlat R, Kocher L, Peter-Derex L. Sleep disturbances and
osteoarthritis. Pain Pract 2016;16(2):237—44.

Campbell CM, Buenaver LF, Finan P, Bounds SC, Redding M, McCauley L, et al.
Sleep, pain catastrophizing, and central sensitization in knee osteoarthritis
patients with and without insomnia. Arthritis Care Res 2015;67(10):
1387-96.

Finan PH, Goodin BR, Smith MT. The association of sleep and pain: an update
and a path forward. ] Pain 2013;14(12):1539—52.

Song J, Lee ], Lee YC, Chang AH, Semanik PA, Chang RW, et al. Sleep distur-
bance trajectories in osteoarthritis. ] Clin Rheumatol 2021;27(8):e440—5.
Pan F, Tian J, Cicuttini F, Jones G. Sleep disturbance and its association with
pain severity and multisite pain: a prospective 10.7-year study. Pain Ther
2020;9(2):751-63.

Tang HJ, McCurry SM, Pike KC, Von Korff M, Vitiello MV. Differential pre-
dictors of nighttime and daytime sleep complaints in older adults with co-
morbid insomnia and osteoarthritis pain. ] Psychosom Res 2017;100:22—8.
Kaya E, Kaplan C, Carli AB, Giizelkiigiik U. Effects of balneotherapy and
physical therapy on sleep quality in patients with osteoarthritis aged 50 to
85 years. Arch Rheumatol 2015;31(1):1-5.

Wilcox S, Brenes GA, Levine D, Sevick MA, Shumaker SA, Craven T. Factors
related to sleep disturbance in older adults experiencing knee pain or knee
pain with radiographic evidence of knee osteoarthritis. ] Am Geriatr Soc
2000;48(10):1241-51.

Salwen JK, Smith MT, Finan PH. Mid-treatment sleep duration predicts
clinically significant knee osteoarthritis pain reduction at 6 months: effects
from a behavioral sleep medicine clinical trial. Sleep 2017;40(2).

Vitiello MV, McCurry SM, Shortreed SM, Baker LD, Rybarczyk BD, Keefe FJ,
et al. Short-term improvement in insomnia symptoms predicts long-term


https://doi.org/10.1016/j.smrv.2023.101793
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref1
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref1
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref1
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref1
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref1
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref2
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref2
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref2
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref3
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref3
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref3
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref3
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref3
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref4
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref4
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref4
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref4
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref4
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref5
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref5
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref5
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref6
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref6
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref6
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref7
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref7
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref7
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref8
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref8
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref8
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref8
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref8
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref9
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref9
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref9
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref9
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref9
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref10
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref10
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref10
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref11
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref11
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref11
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref12
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref12
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref12
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref12
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref13
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref13
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref13
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref14
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref14
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref14
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref14
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref14
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref15
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref15
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref15
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref15
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref15
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref16
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref16
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref16
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref16
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref17
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref18
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref18
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref18
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref18
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref18
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref19
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref19
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref19
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref20
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref20
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref20
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref20
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref21
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref21
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref21
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref21
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref22
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref22
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref22
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref22
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref22
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref23
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref23
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref23
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref24
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref24
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref24
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref24
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref24
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref25
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref25
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref25
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref26
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref26
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref26
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref26
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref27
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref27
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref27
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref27
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref28
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref28
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref28
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref29
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref29
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref29
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref29
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref30
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref31
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref31
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref31
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref32
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref32
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref32
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref32
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref32
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref33
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref33
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref33
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref34
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref34
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref34
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref35
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref35
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref35
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref35
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref36
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref36
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref36
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref36
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref37
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref37
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref37
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref37
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref38
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref38
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref38
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref38
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref38
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref39
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref39
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref39
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref40
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref40

L. De Baets, N. Runge, C. Labie et al.

[41]

[42]

[43]

[44

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

improvements in sleep, pain, and fatigue in older adults with comorbid
osteoarthritis and insomnia. Pain 2014;155(8):1547—54.

Heffner KL, France CR, Ashrafioun L, Quinones M, Walsh P, Maloney MD, et al.
Clinical pain-related outcomes and inflammatory cytokine response to pain
following insomnia improvement in adults with knee osteoarthritis. Clin ]
Pain 2018;34(12):1133—40.

Vitiello MV, Zhu W, Von Korff M, Wellman R, Morin CM, Yeung K, et al. Long-
term improvements in sleep, pain, depression, and fatigue in older adults
with comorbid osteoarthritis pain and insomnia. Sleep 2022;45(2).

Smith MT, Finan PH, Buenaver LF, Robinson M, Haque U, Quain A, et al.
Cognitive—Behavioral therapy for insomnia in knee osteoarthritis: a ran-
domized, double-blind, active placebo—controlled clinical trial. Arthritis
Rheumatol 2015;67(5):1221—-33.

Herrero Babiloni A, De Koninck BP, Beetz G, De Beaumont L, Martel MO,
Lavigne GJ. Sleep and pain: recent insights, mechanisms, and future di-
rections in the investigation of this relationship. ] Neural Transm
2020;127(4):647—60. Vienna, Austria : 1996.

Whibley D, AlKandari N, Kristensen K, Barnish M, Rzewuska M, Druce KL,
et al. Sleep and pain: a systematic review of studies of mediation. Clin J Pain
2019;35(6):544—58.

Smith MT, Quartana PJ, Okonkwo RM, Nasir A. Mechanisms by which sleep
disturbance contributes to osteoarthritis pain: a conceptual model. Curr Pain
Headache Rep 2009;13(6):447—54.

Liu M. Influences of pain, insomnia, and depression on health care utilization
in older adults with osteoarthritis [Ph.D.]. University of Washington; 2018.
Liu M, McCurry SM, Vitiello MV, Belza B, Von Korff M. Influences of osteo-
arthritis pain, comorbid insomnia, and depression on health care use in older
adults with osteoarthritis. Arthritis Rheumatol 2016;68.

Baethge C, Goldbeck-Wood S, Mertens S. SANRA-a scale for the quality
assessment of narrative review articles. Res Integr Peer Rev 2019;4:5.
Parmelee PA, Tighe CA, Dautovich ND. Sleep disturbance in osteoarthritis:
linkages with pain, disability, and depressive symptoms. Arthritis Care Res
2015;67(3):358—65.

Tighe CA, Youk A, Ibrahim SA, Weiner DK, Vina ER, Kwoh CK, et al. Pain
catastrophizing and arthritis self-efficacy as mediators of sleep disturbance
and osteoarthritis symptom severity. Pain Med 2019;21(3):501—-10.
Beaudreau SA, Spira AP, Stewart A, Kezirian EJ, Lui LY, Ensrud K, et al. Vali-
dation of the pittsburgh sleep quality index and the epworth sleepiness scale
in older black and white women. Sleep Med 2012;13(1):36—42.

Fu K, Makovey ], Metcalf B, Bennell KL, Zhang Y, Asher R, et al. Sleep quality
and fatigue are associated with pain exacerbations of hip osteoarthritis: an
internet-based case-crossover study. ] Rheumatol 2019;46(11):1524—30.
McCurry SM, Shortreed SM, Von Korff M, Balderson BH, Baker LD,
Rybarczyk BD, et al. Who benefits from CBT for insomnia in primary care?
Important patient selection and trial design lessons from longitudinal results
of the Lifestyles trial. Sleep 2014;37(2):299—308.

Vitiello MV, McCurry SM, Shortreed SM, Balderson BH, Baker LD, Keefe FJ,
et al. Cognitive-behavioral treatment for comorbid insomnia and osteoar-
thritis pain in primary care: the lifestyles randomized controlled trial. ] Am
Geriatr Soc 2013;61(6):947—56.

McCurry SM, Zhu W, Von Korff M, Wellman R, Morin CM, Thakral M, et al.
Effect of telephone cognitive behavioral therapy for insomnia in older adults
with osteoarthritis pain: a randomized clinical trial. JAMA Intern Med
2021;181(4):530-8.

Li J, Huang L, Wu X, Fu W, Liu Y. Effect of Tai Ji Quan training on self-
reported sleep quality in elderly Chinese women with knee osteoarthritis:
a randomized controlled trail. Sleep Med 2017;33:70—5.

Song JL, Wei LJ, Cheng K, Lin Q, Xia P, Wang XW, et al. The effect of modified
Tai Chi exercises on the physical function and quality of life in elderly
women with knee osteoarthritis. Front Aging Neurosci 2022;14.

Altas EU, Demirdal U. The effect of physical therapy and rehabilitation mo-
dalities on sleep quality in patients with primary knee osteoarthritis: a
single-blind, prospective, randomized-controlled study. Turk ] Phys Med
Rehabil 2020;66(1):73—83.

Herrero Babiloni A, Beetz G, Tang NKY, Heinzer R, Nijs J, Martel MO, et al.
Towards the endotyping of the sleep-pain interaction: a topical review on
multitarget strategies based on phenotypic vulnerabilities and putative
pathways. Pain 2021;162(5):1281-8.

Parmelee PA, Cox BS, DeCaro JA, Keefe FJ, Smith DM. Racial/ethnic differences
in sleep quality among older adults with osteoarthritis. Sleep Health
2017;3(3):163-9.

Petrov ME, Goodin BR, Cruz-Almeida Y, King C, Glover TL, Bulls HW, et al.
Disrupted sleep is associated with altered pain processing by sex and
ethnicity in knee osteoarthritis. ] Pain 2015;16(5):478—90.

Gonzalez C, Kusko D, Sibille K, Fillingim R, Goodin B. Clinical pain, pain
catastrophizing, and sleep quality in Ethnic/Race Groups with or at risk for
Knee Osteoarthritis: a moderated mediation model. J Pain 2021;22(5):598.
Gonzalez C, Kusko DA, Huang T, Sibille K, Fillingim R, Goodin BR. Examining
insomnia, pain severity, and coping strategies in ethnic/racial groups with/at
risk for knee osteoarthritis. Ann Behav Med 2020;54. S629-S.

Tang NKY, McBeth ], Jordan KP, Blagojevic-Bucknall M, Croft P, Wilkie R.
Impact of musculoskeletal pain on insomnia onset: a prospective cohort
study. Rheumatology 2015;54(2):248—56.

[66]

[67]

[68]

[69]

[70]

(711

[72]

(73]

[74]

[75]

[76]

(771

(78]

(791

(80]

(81]

(82]

(83]

[84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

Sleep Medicine Reviews 70 (2023) 101793

Burston JJ, Valdes AM, Woodhams SG, Mapp PI, Stocks J, Watson DJG, et al.
The impact of anxiety on chronic musculoskeletal pain and the role of
astrocyte activation. Pain 2019;160(3):658—69.

Baglioni C, Battagliese G, Feige B, Spiegelhalder K, Nissen C, Voderholzer U,
et al. Insomnia as a predictor of depression: a meta-analytic evaluation of
longitudinal epidemiological studies. ] Affect Disord 2011;135(1—3):10—9.
Zullig LL, Bosworth HB, Jeffreys AS, Corsino L, Coffman CJ, Oddone EZ, et al.
The association of comorbid conditions with patient-reported outcomes in
Veterans with hip and knee osteoarthritis. Clin Rheumatol 2015;34(8):
1435—-41.

Evers AW, Kraaimaat FW, Geenen R, Jacobs JW, Bijlsma JW. Stress-vulnera-
bility factors as long-term predictors of disease activity in early rheumatoid
arthritis. ] Psychosom Res 2003;55(4):293—302.

Edwards RR, Cahalan C, Mensing G, Smith M, Haythornthwaite JA. Pain,
catastrophizing, and depression in the rheumatic diseases. Nat Rev Rheu-
matol 2011;7(4):216—24.

Low CA, Cunningham AL, Kao AH, Krishnaswami S, Kuller LH, Wasko MCM.
Association between C-reactive protein and depressive symptoms in women
with rheumatoid arthritis. Biol Psychol 2009;81(2):131—4.

Kojima M, Kojima T, Suzuki S, Oguchi T, Oba M, Tsuchiya H, et al. Depression,
inflammation, and pain in patients with rheumatoid arthritis. Arthritis Care
Res 2009;61(8):1018—24.

Finan PH, Quartana PJ, Smith MT. Positive and negative affect dimensions in
chronic knee osteoarthritis: effects on clinical and laboratory pain. Psycho-
som Med 2013;75(5).

Petrov M, Goodin B, Bartley E, Cruz-Almeida Y, Herbert M, Bulls H, et al.
Negative affect as a mediator in the sleep-pain relationship among adults
with knee osteoarthritis. ] Pain 2015;16(4):S27—.

Spira AP, Runko VT, Finan PH, Kaufmann CN, Bounds SC, Liu L, et al. Circadian
rest/activity rhythms in knee osteoarthritis with insomnia: a study of oste-
oarthritis patients and pain-free controls with insomnia or normal sleep.
Chronobiol Int 2015;32(2):242—7.

Yeung WK, Morgan K, McKenna F. Comparison of sleep structure and psy-
chometric profiles in patients with fibromyalgia, osteoarthritis and healthy
controls. ] Sleep Res 2018;27(2):290—8.

Paschali M, Lazaridou A, Paschalis T, Moradian JR, Sadora J, Vilsmark ES, et al.
Individual variation in diurnal cortisol in patients with knee osteoarthritis:
clinical correlates. Int ] Psychophysiol 2021;167:1—6.

Berenbaum F. Osteoarthritis as an inflammatory disease (osteoarthritis is not
osteoarthrosis!). Osteoarthritis Cartilage 2013;21(1):16—21.

Nees TA, Rosshirt N, Zhang JA, Reiner T, Sorbi R, Tripel E, et al. Synovial
cytokines significantly correlate with osteoarthritis-related knee pain and
disability: inflammatory mediators of potential clinical relevance. J Clin Med
2019;8(9):1343.

Miller RE, Miller RJ, Malfait AM. Osteoarthritis joint pain: the cytokine
connection. Cytokine 2014;70(2):185—-93.

Irwin MR, Olmstead R, Carroll JE. Sleep disturbance, sleep duration, and
inflammation: a systematic review and meta-analysis of cohort studies and
experimental sleep deprivation. Biol Psychiatr 2016;80(1):40—52.

Lee S, Stone KL, Engeland CG, Lane NE, Buxton OM. Arthritis, sleep health,
and systemic inflammation in older men. Arthritis Care Res 2020;72(7):
965—73.

Ho KKN, Simic M, Smastuen MC, Pinheiro MD, Ferreira PH, Johnsen MB, et al.
The association between insomnia, c-reactive protein, and chronic low back
pain: cross-sectional analysis of the HUNT study, Norway. Scandinavian ]
Pain 2019;19(4):765—77.

Weerasekera A, Morrissey E, Kim M, Saha A, Lin Y, Alshelh Z, et al. Thalamic
neurometabolite alterations in patients with knee osteoarthritis before and
after total knee replacement. 2021. Pain.

Nijs J, Loggia ML, Polli A, Moens M, Huysmans E, Goudman L, et al. Sleep
disturbances and severe stress as glial activators: key targets for treating
central sensitization in chronic pain patients? Expert Opin Ther Targets
2017;21(8):817—-26.

Lee YC, Lu B, Bathon JM, Haythornthwaite JA, Smith MT, Page GG, et al. Pain
sensitivity and pain reactivity in osteoarthritis. Arthritis Care Res
2011;63(3):320—-7.

Segond von Banchet G, Boettger MK, Fischer N, Gajda M, Brauer R,
Schaible HG. Experimental arthritis causes tumor necrosis factor-alpha-
dependent infiltration of macrophages into rat dorsal root ganglia which
correlates with pain-related behavior. Pain 2009;145(1—-2):151-9.

Milligan ED, Watkins LR. Pathological and protective roles of glia in chronic
pain. Nat Rev Neurosci 2009;10(1):23—36.

Irwin MR. Sleep and inflammation: partners in sickness and in health. Nat
Rev Immunol 2019;19(11):702—15.

Haack M, Sanchez E, Mullington JM. Elevated inflammatory markers in
response to prolonged sleep restriction are associated with increased pain
experience in healthy volunteers. Sleep 2007;30(9):1145—52.

Haack M, Lee E, Cohen DA, Mullington JM. Activation of the prostaglandin
system in response to sleep loss in healthy humans: potential mediator of
increased spontaneous pain. Pain 2009;145(1—-2):136—41.

Nijs Jg SZ, Clauw D], Fernandez-de-las-Penas C, Kosek E, Ickmans K,
Fernandez Carnero ], Polli A, Kapreli E, Huysmans E, Cuesta-Vargas Al,
Mani R, Lundberg M, Leysen L, Rice D, Sterling M, Curatolo M. Central
sensitisation in chronic pain conditions: latest discoveries and their potential
for precision medicine. Lancet Rheumatol 2021;3:e383—-92.


http://refhub.elsevier.com/S1087-0792(23)00049-7/sref40
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref40
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref40
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref41
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref42
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref42
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref42
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref43
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref44
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref44
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref44
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref44
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref44
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref45
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref45
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref45
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref45
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref46
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref46
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref46
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref46
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref47
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref47
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref48
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref48
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref48
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref49
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref49
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref50
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref50
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref50
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref50
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref51
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref51
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref51
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref51
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref52
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref52
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref52
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref52
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref53
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref53
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref53
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref53
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref54
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref54
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref54
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref54
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref54
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref55
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref55
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref55
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref55
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref55
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref56
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref56
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref56
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref56
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref56
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref57
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref57
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref57
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref57
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref58
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref58
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref58
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref59
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref60
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref60
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref60
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref60
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref60
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref61
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref61
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref61
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref61
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref62
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref62
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref62
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref62
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref63
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref63
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref63
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref64
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref64
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref64
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref65
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref65
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref65
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref65
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref66
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref66
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref66
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref66
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref67
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref67
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref67
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref67
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref67
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref68
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref68
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref68
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref68
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref68
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref69
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref69
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref69
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref69
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref70
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref70
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref70
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref70
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref71
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref71
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref71
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref71
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref72
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref72
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref72
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref72
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref73
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref73
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref73
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref74
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref74
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref74
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref75
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref75
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref75
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref75
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref75
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref76
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref76
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref76
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref76
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref77
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref77
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref77
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref77
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref78
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref78
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref78
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref79
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref79
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref79
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref79
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref80
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref80
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref80
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref81
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref81
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref81
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref81
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref82
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref82
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref82
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref82
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref83
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref83
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref83
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref83
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref83
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref84
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref84
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref84
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref85
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref85
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref85
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref85
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref85
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref86
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref86
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref86
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref86
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref87
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref88
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref88
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref88
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref89
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref89
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref89
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref90
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref90
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref90
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref90
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref91
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref91
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref91
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref91
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref91
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref92

L. De Baets, N. Runge, C. Labie et al.

[93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

Pinho-Ribeiro FA, Verri Jr WA, Chiu IM. Nociceptor sensory neuron-immune
interactions in pain and inflammation. Trends Immunol 2017;38(1):5—19.
Edinger JD, Bonnet MH, Bootzin RR, Doghramiji K, Dorsey CM, Espie CA, et al.
Derivation of research diagnostic criteria for insomnia: report of an Amer-
ican academy of sleep medicine work group. Sleep 2004;27(8):1567—96.
Rockville. Substance Abuse and Mental Health Services Administration.
Impact of the DSM-IV to DSM-5 changes on the national survey on drug use
and health [Internet]. 2016 [Table 3.36, DSM-IV to DSM-5 Insomnia Disorder
Comparison].  Available  from:  https://www.ncbi.nlm.nih.gov/books/
NBK519704/table/ch3.t36/.

Mathias JL, Cant ML, Burke ALJ. Sleep disturbances and sleep disorders in
adults living with chronic pain: a meta-analysis. Sleep Med 2018;52:
198-210.

Haack M, Engert LC, Besedovsky L, Goldstein MR, Devine JK, Dang R, et al.
Alterations of pain pathways by experimental sleep disturbances in humans:
central pain-inhibitory, cyclooxygenase, and endocannabinoid pathways.
Sleep 2023.

Haack M, Simpson N, Sethna N, Kaur S, Mullington J. Sleep deficiency and
chronic pain: potential underlying mechanisms and clinical implications.
Neuropsychopharmacology 2020;45(1):205—16.

Pivonello C, Negri M, Patalano R, Amatrudo F, Monto T, Liccardi A, et al. The
role of melatonin in the molecular mechanisms underlying metaflammation
and infections in obesity: a narrative review. Obes Rev 2022;23(3):e13390.
Dressle R], Feige B, Spiegelhalder K, Schmucker C, Benz F, Mey NC, et al. HPA
axis activity in patients with chronic insomnia: a systematic review and
meta-analysis of case-control studies. Sleep Med Rev 2022;62:101588.

10

[101]

[102]

[103]

[104]

[105]

[106]

[107]

Sleep Medicine Reviews 70 (2023) 101793

Dokkedal-Silva V, Fernandes GL, Morelhao PK, Pires GN, Rowlett JK,
Galduro6z JCF, et al. Sleep, psychiatric and socioeconomic factors associated
with substance use in a large population sample: a cross-sectional study.
Pharmacol Biochem Behav 2021;210:173274.

Xie Y, Liu S, Chen X], Yu HH, Yang Y, Wang W. Effects of exercise on sleep
quality and insomnia in adults: a systematic review and meta-analysis of
randomized controlled trials. Front Psychiatr 2021;12:664499.

Wood M], Miller RE, Malfait AM. The genesis of pain in osteoarthritis:
inflammation as a mediator of osteoarthritis pain. Clin Geriatr Med
2022;38(2):221-38.

Blanken TF, Jansson-Frojmark M, Sunnhed R, Lancee J. Symptom-specific
effects of cognitive therapy and behavior therapy for insomnia: a network
intervention analysis. ] Consult Clin Psychol 2021;89(4):364—70.

Lancee ], Harvey AG, Morin CM, Ivers H, van der Zweerde T, Blanken TF.
Network Intervention Analyses of cognitive therapy and behavior therapy
for insomnia: symptom specific effects and process measures. Behav Res
Ther 2022;153:104100.

Vanderlinden ], Boen F, van Uffelen JGZ. Effects of physical activity programs
on sleep outcomes in older adults: a systematic review. Int ] Behav Nutr Phys
Activ 2020;17(1):11.

Whibley D, Stelfox K, Henry AL, Tang NK, Kratz AL. Development of a hybrid
sleep and physical activity improvement intervention for adults with
osteoarthritis-related pain and sleep disturbance: a focus group study with
potential users. Br ] Pain 2022;16(2):136—48.


http://refhub.elsevier.com/S1087-0792(23)00049-7/sref93
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref93
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref93
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref94
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref94
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref94
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref94
https://www.ncbi.nlm.nih.gov/books/NBK519704/table/ch3.t36/
https://www.ncbi.nlm.nih.gov/books/NBK519704/table/ch3.t36/
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref96
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref96
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref96
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref96
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref97
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref97
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref97
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref97
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref98
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref98
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref98
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref98
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref99
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref99
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref99
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref99
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref100
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref100
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref100
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref101
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref102
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref102
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref102
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref103
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref103
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref103
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref103
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref104
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref104
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref104
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref104
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref104
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref105
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref105
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref105
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref105
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref106
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref106
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref106
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref107
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref107
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref107
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref107
http://refhub.elsevier.com/S1087-0792(23)00049-7/sref107

	The interplay between symptoms of insomnia and pain in people with osteoarthritis: A narrative review of the current evidence
	1. Introduction
	2. Review methodology
	3. Results
	3.1. Mechanisms underlying the association between insomnia symptoms and clinical OA-related pain
	3.1.1. Alterations in nociceptive modulatory processes, insomnia symptoms and clinical OA-related pain
	3.1.2. Inflammation, insomnia symptoms and clinical OA-related pain
	3.1.3. Depressive symptoms, insomnia symptoms and clinical OA-related pain
	3.1.4. Pain-related and sleep-related cognitions, insomnia symptoms and clinical OA-related pain
	3.1.5. Fatigue, insomnia symptoms and clinical OA-related pain
	3.1.6. Narrative synthesis on the mechanisms underlying the association between insomnia symptoms and clinical OA-related pain

	3.2. The effectiveness of non-pharmacological conservative interventions on insomnia symptoms and clinical OA-related pain in pe ...
	3.2.1. Targeting insomnia symptoms and clinical OA-related pain via psychological interventions
	3.2.2. Targeting insomnia symptoms and clinical OA-related pain via physical activity/exercise interventions
	3.2.3. Targeting insomnia symptoms and clinical OA-related pain via physical therapy and rehabilitation modalities
	3.2.4. Narrative synthesis on the effectiveness of non-pharmacological conservative interventions on insomnia symptoms and clinica ...


	4. Discussion including research agenda
	4.1. Expanding knowledge on mechanisms linking insomnia symptoms to clinical OA-related pain
	4.2. Sleep management integrated in guideline-based conservative OA care

	Research agenda
	Practice points
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


