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Abstract
Purpose of Review Recent studies have linked fibromyalgia (nociplastic pain) and depression to neuroinflammation. Restless
legs syndrome (RLS) is highly prevalent in CWP (chronic widespread pain) and FMS (fibromyalgia syndrome) as well as in
depression. This review focuses on evidence in the relationship between CWP and RLS and possible common pathophysiolog-
ical mechanisms.
Recent Findings CWP is chronic pain spread over various locations of the body and is a cardinal sign of fibromyalgia. Poor sleep
quality is a common symptom in fibromyalgia as well as high levels of fatigue, poor cognition, and other associated features
which include depression, headache, and abdominal pain. Evidence for a bilateral relationship between pain and sleep deficit is
robust. The latest research focus is not only on insomnia symptoms in chronic pain but also on other types of sleep disorders such
as RLS which is characterized by complaints of an “urge to move” frequently associated with dysesthesias. These sensations can
also have painful characteristics. Thus, there is a possible overlap between these two entities. The high prevalence of RLS (33–
54%) in CWP has been shown in several studies. The pathophysiological mechanisms behind CWP and RLS are still not
completely known, but there is a rising amount of evidence on proinflammatory and neuroinflammatory processes in CWP. In
RLS, there are links to dopaminergic dysfunction and more generally to monoaminergic dysfunctional circuits, BID (brain iron
deficiency), altered glutamatergic neurotransmission, and genetic traits. Depression is a common comorbidity as well in CWP as
RLS, and proinflammatory mechanisms have also been demonstrated in this condition.
Summary The association between CWP and RLS is shown to be high and the pathogenesis of both conditions is still not
completely understood. Recent research is focusing on proinflammatory and neuroinflammatory processes, not uniquely emerg-
ing in fibromyalgia/CWP, but inflammatory features have been found in depression as well as in sleep deficit. Proinflammatory/
neuroinflammatory processes may be an underlying, common factor in both CWP and RLS that future research should inves-
tigate further.
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BID Brain iron deficiency

CNS Central nervous system
CWP Chronic widespread pain
CP Chronic pain
FMS Fibromyalgia syndrome
HPA Hypothalamic pituitary adrenal
IRRLS International Restless Legs

Group Rating Scale
OSA Obstructive sleep apnea
RLS Restless legs syndrome
PLM Periodic limb movements
PWA Pulse wave amplitude
SAM Sympathetic adrenal medullary
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Introduction

Chronic Pain and CWP

Prevalence

Chronic pain is a common condition, and globally, it has been
estimated that 1 in 5 adults suffer from pain and that another 1
in 10 adults are diagnosed with chronic pain (CP) each year
[1]. A multicenter study carried out in 1998 by the World
Health Organization (WHO) has shown a prevalence of CP
in 22% of the world population [2] although the prevalence is
higher in some studies [3]. Patients with chronic neck pain and
chronic low back pain show a high prevalence of sleep depri-
vation (42.2%), even when analgesics had been taken. About
19.8% of the patients reported serious sleep impairment (i.e.,
< 4 h of sleep per night) [4]. The prevalence of sleep distur-
bances is even higher in chronic widespread pain (CWP) and
in fibromyalgia (FM), and the prevalence of sleep complaints
reaches 99% [5].

Pathogenesis

Both central sensitization and dysfunctional descending pain
inhibition are recognized as pathological mechanisms in
CWP, FM, and chronic pain with spreading of pain localiza-
tions, i.e., nociplastic pain. The relationship between pain and
sleep is shown to be bidirectional. Painful conditions enhance
or cause a cortical hyperalert state which compromises sleep
architecture, and the risk of development of chronic pain rises
with preexisting sleep disorders. One of the most common
sleep disorders in chronic pain, and especially in CWP, is
restless legs syndrome (RLS) and PLM (periodic limb move-
ments), leading to sleep deprivation or fragmentation.

Restless Legs Syndrome

Prevalence

RLS or Willis-Ekbom disease (WED) is a common neurolog-
ical sensorimotor condition often related to sleep disturbances,
most frequently reported in the legs or arms. RLS creates a
substantial negative impact on sleep, quality of life, and gen-
eral health [6]. The prevalence of RLS/WED symptoms is
about 2.4–10% in western countries [7–10] but less frequent
in East Asia and sub-Saharan Africa [11–13]. Although RLS
is a common condition, it is still under-diagnosed and under-
treated at present. Despite 81% of patients with RLS having
reported their complaints to their primary care physician, only
6%were given a precise diagnosis of RLS/WED [14], accord-
ing to Allen et al. in the study dated 2008. RLS sensations are
extremely variable and 24% of patients report painful symp-
toms [15]. The diagnostic criteria are described in Table 1.

Pathogenesis

The pathogenesis of RLS is incompletely elucidated, but there
is robust evidence on BID (brain iron deficiency) and to date,
links have been made to dopaminergic dysfunction, hypo-
adenosinergic state, genetic traits, inflammatory and immuno-
logical mechanisms, altered hypocretin/orexin or endorphin
activity, local hypoxic and vascular mechanisms, and in-
creased thalamic glutamate/glutamine [16–18].

New evidence has been found of structural changes in the
brain’s somatosensory cortex in RLS, and symptoms may be
possibly related to the pathological changes in this area of the
brain although cause versus effect cannot be proven. Subjects
with RLS included in one study had a 7.5% decrease in the
average thickness of brain tissue in the area of the brain that
processes sensations compared to healthy participants [19].

The symptoms of RLS were first described by Willis
(1685) and then published by Ekbom (1960). Despite being
introduced hundreds of years ago, this is still a poorly recog-
nized disorder despite effects in patients with moderate to

Table 1 RLS diagnostic criteria

RLS/WED five essential diagnostic criteria (all must be met),

(1) An urge to move the legs usually but not always accompanied by or
felt to be caused by uncomfortable and unpleasant sensations in the
legs

(2) The urge to move the legs and any accompanying unpleasant
sensations begin or worsen during periods of rest or inactivity Such as
lying down or sifting

(3) The urge to move the legs and any accompanying unpleasant
sensations are partially or totally relieved by movement, such as
walking or stretching at least as long as the activity continues

(4) The urge to more the legs and any accompanying unpleasant
sensations during rest or inactivity only occur or are worse in the
evening or night

(5) The occurrences of the a bone features are not solely accounted for
as symptoms primary, to another medical or behavioral condition
(e.g., myalgia, venous stasis, leg edema, arthritis, leg cramps,
positional discomfort, and habitual foot tapping)

RLS/WED specifiers for clinical course

(A) Chronic-persistent RLS/WED: symptoms when not treated would
occur on average at least twice weekly for the past year.

(B) Intermittent RLS/WED: symptoms when not treated would occur
on average < 2/week for the past year, with at least five lifetime
events.

RLS/WED specifier for clinical significance

The symptoms of RLS/WED/WED cause significant distress or
impairment in social, occupational, educational or other important
areas of functioning by their impact on sleep, energy/vitality, daily
activities, behavior, and cognition or mood.

Common differential diagnosis are polyneuropathy, leg cramps,
lymphatic diseases, leg cramps, positional discomfort, myalgia, leg
edema, radiculopathy, habitual foot tapping, symptomatic venous
insufficiency, peripheral artery disease, eczema, orthopedic
conditions, painful legs and moving toes, and anxiety
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severe symptoms on quality of life and difficulty in their daily
life including their jobs and social activities due to impaired
sleep and sleep deficit. In a recent meta-analysis, the conclu-
sion is that the prevalence of hypertension and possibly car-
diovascular disease in patients with RLS is higher but the
results remain to be confirmed in large prospective studies
[20]. RLS seems also to relate to a higher risk of suicide in
depressed patients and according to some new studies, there
seems to be a significant relationship between RLS and mul-
tiple medical problems, especially cardiovascular disease as
above [21, 22].

Painful RLS

The majority of RLS patients (80%) report symptoms other
than pain such as crawling or creeping or discomfort in the
legs or arms and an irresistible urge to move the limbs.
However, a small subgroup of approximately 10–20% of
RLS patients report painful RLS symptoms [23].

There is a high prevalence of painful RLS in neuropa-
thy. RLS and neuropathy are two distinct neurological
conditions sharing common features which include dam-
age to or impairment of the nerves in the legs or feet
caused by, for instance, diabetes mellitus, radiculopathy,
and other forms of polyneuropathy. Some studies suggest
that central nervous system pain processing may be am-
plified in RLS, perhaps partially as a consequence of
sleep disruption [24]. RLS patients, even those whose
symptoms are managed pharmacologically, may be at el-
evated long-term risk for the development or maintenance
of persistent pain conditions.

RLS seems to be a common comorbidity in FMS according
to multiple studies, and the prevalence varies between 33%
and 64% according to recent studies [25–28]. Sleep disruption
caused by RLS plausibly exacerbates the symptoms of FMS
in a bidirectional manner and impairs the quality of life.

Sleep Disturbances, RLS, and Widespread
Pain

There are robust and consistent findings on a negative
influence of pain and RLS on sleep quality and daytime
function. A recent study showed that multi-site pain re-
duces and fragments sleep in a dose-dependent manner
[26]. As is well known, sleep is even affected by mild
to moderate symptom frequency of RLS, and conversely,
sleep is known to interact with RLS and pain. A recently
published meta-analysis on chronic pain patients and
sleep disturbance showed compelling co-prevalence rates.
Overall, 44% of individuals with CP had some type of
diagnosed sleep disorder. Both RLS and obstructive sleep

apnea (OSA) are 16 times more prevalent in chronic pain
patients compared to healthy peers. The individuals with
CP were thirteen times more likely to be diagnosed with
insomnia than their healthy peers [29]. Sleep fragmenta-
tion seems to affect pain processing and may contribute to
the experience of reduced pain tolerance [30], and sleep
deprivation induces hyperalgesia to experimental superfi-
cial and deep-muscle pain [31]. An important impact of
sleep deficit on pain was found in the Norwegian HUNT
study showing that sleep problems were dose-dependently
associated with an increased risk of pain in the lower back
and the neck/shoulder regions of both women and men.
Those subjects reporting sleep problems “sometimes” or
“always” had a 23–32% resp. 51–66% higher risk of CP
[32]. Recent studies have revealed a complex and bidirec-
tional relationship between pain and sleep [33–35], but
there is a lack of large studies on sleep management and
treatment of sleep disorders that may reduce pain intensity
and eventually improve chronic pain syndromes [36, 37].

Sleep disturbance and short sleep duration are associated
with increased production of IL-6, TNF-α, IL-1β, and related
disorders including cardiovascular disease, arthritis, diabetes
mellitus, and certain cancers [38]. However, very large co-
horts are needed to better understand the possible relationship
regarding inflammation and sleep duration in the general pop-
ulation [39].

Both periodic limb movement syndrome (PLMS) and RLS
cause sleep disturbance and fragmentation [40] and are often
present in pain syndromes, especially in CWP and FM.
Edwards et al. showed that pain processing may be amplified
in RLS, perhaps in part as a consequence of sleep disruption,
sleep deprivation [24], and enhanced proinflammatory cyto-
kines in the brain.

Altered HPA Axis and Sympathetic Activity
in CWP and RLS

A large body of evidence is dedicated to elucidating the rela-
tionship between pain and stress. Numbers of studies demon-
strate dysregulation of the hypothalamic pituitary adrenal
(HPA) ax i s in CP and CWP, bo th hype r - and
hypocortisolemia [38, 39, 41–43]. An ACTH hyper-
responsiveness and a relative adrenal hypo-responsiveness
were shown in studies on HPA axis dysfunction in FMS pa-
tients, indicating a tertiary (hypothalamic or supra-
hypothalamic level) of hypoadrenalism [44]. Stress seems to
increase the risk of FMS. The indication of stress response
dysfunction is discussed in a review by Crofford and col-
leagues [45]. The normal circadian rhythm for plasma cortisol
level is disrupted in FMS patients and both stress systems,
HPA axis and sympathetic-adreno-medullary axis (SAM),
are demonstrated to be altered [45]. Concentrations of
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corticotropin-releasing hormone (CRH) in the CSF [46] were
elevated in patients with FMS and were associated with pain
but not fatigue symptoms [47]. In a cross-sectional study by
Stehlik et al., an almost 25% increase in the morning cortisol
in CWP subjects was found. The result was consistent even
after assessing confounders. Elevated fasting blood glucose in
addition to HPA axis alteration also supports the hypothesis of
an activated SAM system. The data suggest altered insulin
sensitivity, a finding observed both in chronic stress [48]
and in disturbed sleep [49]. Research on the HPA axis func-
tion in RLS patients is limited. A nocturnal activation of the
HPA system was demonstrated in a study by Schiling C et al.
[50]. When cortisol and fasting glucose were measured in the
morning [51], there was however no evidence showing any
effect of RLS. The possibility to measure sympathetic activity
by a novel method of pulse wave amplitude (PWA) in assess-
ment of overnight skin vascular reactivity was used in the
Stehlik et al. study [52]. PWA is a technique that allows
the accurate recording of peripheral pressure waveforms
and generation of the corresponding central waveform
from which the augmentation index and central pressure
can be derived and measures finger vascular tone.
Vascular tone is largely affected by skin sympathetic nerve
activity via modulation of vascular alpha-receptors [53].
PWA is used both in the diagnosis of sleep, arousal from
sleep, and sleep-disordered breathing. In the current con-
text, PWA analysis mirrored overnight sympathetic activ-
ity and vascular function. The increased event index of
strong vasoconstriction in the finger (PWA 50% events)
was an interesting finding observed in CWP women and
suggests an elevated sympathetic vascular tone during
sleep. A study by Zou et al. demonstrated attenuation of
PWA in response to obstructive breathing events during
sleep and was reversed by the α-receptor antagonist phen-
tolamine and doxazosin (pharmacological blockade of
vascular alpha-receptors) [53, 54]. In the Stehlik et al.
study, controls had a higher PWA event index in the lower
attenuation range (PWA 10–50%) and an increase in small
PWA attenuations in the range of 10–30 which in the lit-
erature is associated with better cardiovascular function
and lower cardiovascular risk [55]. OSA affects sympatho-
vagal modulation through complex mechanisms and inter-
estingly, women with CWP showed significantly increased
time in flow limitation indicating a mild degree of obstruc-
tive sleep-disordered breathing [51, 56, 57].

In summary, the data from several studies show an activa-
tion of the HPA axis and the SAM system in women with
CWP. Sleep disturbances may contribute to the activation of
the stress system. HPA hyperactivity and the inflammatory
response system have been suggested to underlie depressive
disorders and, similarly, chronic pain conditions. Conversely,
anti-depressants have been shown to attenuate HPA axis ac-
tivity and to normalize HPA dysfunction [58].

Psychiatric Comorbidity in CWP and RLS

The coexistence of chronic pain and anxiety and depression is
well known and well described and further aggravates the sever-
ity of both disorders [59]. The relationship between pain, anxiety,
and depression results not only from psychological but also from
biological factors and pain shares some biological mechanisms
with anxiety and depression. Psychiatric disease contributes not
only to pain intensity but also to an increased risk of disability
[60]. Research on depressive symptoms in chronic pain syn-
dromes and comorbid RLS is very limited. Some research, how-
ever, shows higher prevalence of RLS in womenwith depressive
symptoms [51] whereas anxiety symptoms were more strongly
linked to CWP subjects. Comparable findings have been report-
ed in other studies both for FMS [61] and for RLS [62].
Depression is more common as RLS severity worsens. The poor
sleep in thosewithRLS and PLMScould explain the relationship
between depressive symptoms andRLS. Sleep deficit is linked to
a two times risk of developing depression and in two studies,
psychiatric comorbidity was independently associated with dis-
turbed sleep, increased daytime sleepiness, and body fatigue in-
dependent of pain and RLS [57, 63]. Depression seems to alter
the brain’s response to pain, and possibly, the occurrence of RLS
symptoms in depression has an inhibitory influence on sleep.
Indeed, sleep deficit, depression, and chronic pain are known to
reciprocally influence each other in a vicious circle of cause and
effect. In Irwin et al.’s study on patients with rheumatoid arthritis,
disturbed mood and pain ratings were increased after sleep loss
when compared with controls [64]. Chiu et al. [65] investigated
the role of psychological factors and sleep deficit and found that
depressive symptoms and poor sleep were independently associ-
ated with a reduced pain threshold. Even after adjustment for
confounders in the multivariate analysis, the results remained
consistent. Non-restorative sleep seems to be the strongest link
to the spreading of pain, and sleep problems are associated with
depressive and anxiety symptoms [66, 67]. Insomnia is a signif-
icant factor for the prevalence of CWP, anxiety, and a range of
both mental and physical conditions according to findings in the
HUNT study [68]. Both depression and sleep deficit lead to an
increase of proinflammatory markers and the increase seems to
be related to the symptoms.

Proinflammatory
and Neuroimmunoendocrine Mechanisms

Typical of acute inflammation is the accumulation of neutro-
phil granulocytes which are attracted to the site by mediators
produced by tissue-boundmacrophages. Furthermore, vasodi-
latation on the arterial side and permeability increase in the
vascular walls of the venules are typical findings.
Macrophages have a central role in most inflammatory pro-
cesses and occur as several variants (microglia in the CNS,
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Kupffer cells in the liver, osteoclasts in the skeleton) which
may have different functions. For example, macrophages also
produce mediators of great importance for inflammation, ex.
proinflammatory interleukins (IL) as IL-1β, TNF-α, PGE2,
platelet-activating factor (PAF) and free oxygen radicals, bra-
dykinin, prostaglandin E, substance P (SP), and neural growth
factor (NGF). These signaling mediators are known to cause
sensitization in acute pain [69]. FMS has been suggested hy-
pothetically to be a neuroinflammatory disorder due to in-
creased levels of CRH and SP that have been shown in the
CSF of FMS patients, as well as increased SP, IL-6, and IL-8
in the serum [70]. Proinflammatory cytokines such as IL-1β,
IL-6, and TNF-α, as well as increased release of CRH and SP,
are also involved in inflammation-induced central sensitiza-
tion [71]. Further, excitatory neurotransmitters released from
nearby neurons can activate CNS glial cells and may cause
neuroinflammation and promotion of maladaptive neural plas-
ticity resulting in neuropathy. Indeed, a strong correlation has
been established between inflammation and spinal glia cell
activation on one hand and induction of neuropathic pain
states on the other hand [63, 71–73]. There is accumulating
evidence that in FMS, as well as in other pain syndromes,
levels of pro- inflammatory cytokines like IL-6 and IL-8 are
increased whereas anti-inflammatory cytokines are decreased
and several chemokines appear to be increased in FMS pa-
tients [72, 74–77]. A recent study demonstrated high concen-
trations of cytokines in the cerebrospinal fluid in FM patients
and provides the first in vivo evidence supporting a role for
glial activation in FM pathophysiology [78••]. Bymeasuring a
glial marker, the study group observed extended glial activa-
tion and neuroinflammation in cortical areas. These data could
be compared to a previous study on chronic low back pain in
which a different spatial pattern of glial activation was ob-
served. This was localized to the thalamus and areas of the
somatosensory and motor cortices, consistent with the
somatotopic representation of the back and leg regions in
which those participants experienced pain.

Evidence of the relationship between RLS and inflamma-
tory processes is not fully established but inflammation or an
immune component was found in approximately 95% of the
38 different health conditions that were strongly associated
with RLS according to a review article that investigated health
conditions reported to cause or exacerbate RLS symptoms
[79]. Further evidence for a link between RLS and inflamma-
tion can be derived from the studies showing an elevated
blood level of C-reactive protein (CRP) (a marker of systemic
inflammation) which was associated with RLS severity and in
patients with irritable bowel disease, CRP levels were higher
in the RLS group [80].Moreover, treatments reducing system-
ic inflammation such as infusion of hydrocortisone reduced
RLS symptoms in a small crossover trial [81].

As is well known, iron deficiency is frequently concomitant
with chronic inflammatory disease and the prevalence of iron

deficiency is high in RLS. Sleep deficit due to sensorimotor
symptoms in RLS may act as a proinflammatory process and
has been associated with elevated IL-6 and TNF-a levels in
RLS [80]. Finally, increased inflammation or immunological
modulation in RLS may be also caused by genetic factors [79].

Conclusion

RLS is highly prevalent (33–56%) in chronic pain conditions,
especiallyCWP,CMP, and fibromyalgia, named nociplastic pain
in the nomenclature recently updated [25–28]. Also, depression
and anxiety are frequently comorbid in both CWP/FMS and
sleep deficit including RLS and there seems to be a triad of
conditions (RLS, CWP, and depression) with similar, possibly
common pathological mechanisms. The presence of inflamma-
tion could promote the spreading of pain [82]. Further, according
to two studies, RLS prevalence increases with an increased num-
ber of pain areas [26, 83] and the higher the inflammatory load
by spreading, the higher the occurrence of RLS, hypothetically.
The pathological mechanisms are unknown but in the light of
new findings on neuroinflammatory processes in FM [78••],
possible involvement of inflammatory processes in RLS seems
relevant to investigate further. As well, there is a need for more
and larger studies verifying the hypotheses.

There seem to be multiple pathways involved in RLS patho-
genesis, i.e., iron depletion, dopamine dysregulation, and genetic
links, but also other pathophysiological changes are emerging
such as alteredHPA axis, altered sympathetic activity, proinflam-
matory processes, and neuroendocrine mechanisms. Patients
with RLS have significantly greater anxiety and depression
symptoms than control subjects [51, 59]. A multitude of studies
have demonstrated increased mean concentrations of a variety of
inflammatory markers in depressed patients compared with
controls—including reproducible increases in the inflammatory
cytokines TNF, IL-1β, IL-6, and CRP [84, 85•]. Inflammation
may decrease DA synthesis and availability. Other findings have
included inflammation-associated reductions in ventral striatal
responses to hedonic reward, decreased dopamine and dopamine
metabolites in cerebrospinal fluid, and decreased availability of
striatal dopamine, all of which correlate with depressive symp-
toms [86•]. Inflammation reduces the availability of mono-
amines. Further, activating microglia by inflammation can lead
to excessive glutamate. Excessive glutamate can lead to de-
creased brain-derived neurotrophic factor (BDNF) and
excitotoxicity [87]. Increased CRP has been directly correlated
with increased glutamate in the basal ganglia of patients with
depression. In FMS, research shows abnormally high levels of
glutamate in several brain areas [88] and in RLS increased glu-
tamatergic activity in thalamus [16].

Chronic stress and traumatic events in childhood or adulthood
are more prevalent in patients with chronic widespread pain and
fibromyalgia. Chronic psychological stress is associated with the
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body losing its ability to regulate the inflammatory response [89].
In humans, stress-induced inflammation has been implicated in
diseases such as osteoporosis, rheumatoid arthritis, myopathy,
FM, chronic fatigue syndrome (CFS), chronic pelvic pain,
temporo-mandibular dysfunction (TMD), chronic low back pain,
sciatica, and more [41]. Cortisol is a potent anti-inflammatory,
and dysregulation or its failure to function (as has been recog-
nized in FMS and other chronic conditions) results in an unmod-
ulated inflammatory response to pathogens, unrecognized for-
eign proteins, or to psychological stressors.

The etiology of RLS remains uncertain, but there is increas-
ing evidence for proinflammatory and neuroimmunoendocrine
mechanisms both in RLS, CWP, and comorbid conditions as
depression.

In summary, RLS is found to be common in chronic pain
conditions (CP) and possible common pathological mecha-
nisms are still unknown but there seems to be a relationship
between these two conditions. It is of importance to raise
awareness of the high coexistence of RLS in CWP/FMS to
investigate the comorbidity further with the aim to optimize
treatment of these conditions.
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