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Abstract | Restless legs syndrome (RLS) is a common sensorimotor disorder characterized by an
urge to move that appears during rest or is exacerbated by rest, that occurs in the evening or night
and that disappears during movement or is improved by movement. Symptoms vary considerably
in age at onset, frequency and severity, with severe forms affecting sleep, quality of life and mood.
Patients with RLS often display periodic leg movements during sleep or resting wakefulness. RLS
is considered to be a complex condition in which predisposing genetic factors, environmental
factors and comorbidities contribute to the expression of the disorder. RLS occurs alone or with
comorbidities, for example, iron deficiency and kidney disease, but also with cardiovascular
diseases, diabetes mellitus and neurological, rheumatological and respiratory disorders. The
pathophysiology is still unclear, with the involvement of brain iron deficiency, dysfunction in
the dopaminergic and nociceptive systems and altered adenosine and glutamatergic pathways
as hypotheses being investigated. RLS is poorly recognized by physicians and it is accordingly
often incorrectly diagnosed and managed. Treatment guidelines recommend initiation of therapy
with low doses of dopamine agonists or α2δ ligands in severe forms. Although dopaminergic
treatment is initially highly effective, its long-term use can result in a serious worsening of
symptoms known as augmentation. Other treatments include opioids and iron preparations.
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Restless legs syndrome (RLS) is a sleep-related sensorimotor disorder with an unclear pathophysiology. RLS is
characterized by an urge to move that occurs during rest
or is exacerbated by rest, occurs in the evening or night
and disappears or improves with movement. RLS was
initially described by Sir Thomas Willis in the seven
teenth century1, as an akathisiac (that is, characterized
by a feeling of restlessness and an urge to move) psychiatric disorder, and then by Ekbom with an extensive and
detailed clinical connotation that established its neurological nature2. These factors account for the alternative
proposed name of Willis–Ekbom syndrome.
Although RLS is highly prevalent in the general popu
lation, symptoms vary considerably in terms of frequency (from occurring less than once per year to daily)
and severity (from mildly irritating to disabling with
severe effects on sleep, quality of life (QOL) and mood,
and, in very severe cases, associated with increased risk
of depression, suicide and self-harm)3. RLS age at onset
has a bimodal distribution, with one peak at around
20 years of age and a second peak at around 40 years of age,
although most patients are diagnosed from the fourth
to the sixth decade of age4–6. Patients with early-onset
RLS (by 40–45 years of age) more often report a positive
family history of RLS and a slowly progressing course of
the disorder compared with patients with late-onset RLS
(after 40–45 years of age), who have a more rapid course
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of the disorder and are more likely to have multiple
comorbidities4–6.
RLS is classified as primary (idiopathic) or secondary (symptomatic), depending on the presence of other
disorders. Also, patients with RLS often have insomnia
and involuntary periodic leg movements (PLM) occurring in sleep (PLMS) or resting wakefulness (PLMW).
PLMS have been reported in at least 80% of patients
with RLS, whereas PLMW are less characteristic and so
PLMW have received less attention from the scientific
community7.
Awareness of RLS is poor, with low recognition
among physicians, and difficulty for patients in describing their symptoms and understanding which specialist
to be referred to. Accordingly, diagnosis is often delayed
for years or is confounded with primary insomnia,
so this disorder is often not treated or is improperly
treated for a long time8. Owing to its inadequate diagnosis and treatment, in addition to its high prevalence,
the socio-economic costs of RLS are high9. Long-term
management for moderate-to-severe RLS is mandatory,
as RLS is frequently a lifelong disorder.
This Primer summarizes the epidemiology, mechanisms, pathophysiology, diagnosis and management of
RLS. This Primer also discusses the QOL issues faced
by patients with this syndrome, and touches upon future
directions and unanswered clinical and research questions.
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Epidemiology
Development of the so-called RLS minimal diagnostic
criteria by the International RLS Study Group (IRLSSG)
in 1995 (ref.10), and its subsequent adaptations until 2014
(ref.7) (Box 1), enabled the assessment of RLS prevalence
in population and clinical studies. The prevalence of
RLS varies considerably according to methods of diagnosis, country, sex, age and comorbidity burden, which
impedes comparisons between studies11. In addition,
differences in health behaviours, genetic risks, disease
awareness and perception also contribute to the reported
variations in prevalence12.
The prevalence of RLS is low in most Asian popu
lations, varying between 1% and 3% 13–15. By contrast, prevalence is considerably higher in Europe
and North America, ranging from 5% to 13% in most
population-b ased studies12. Few studies have been
Box 1 | Diagnostic criteria for RLS7
Essential criteria
1. An urge to move the legs that is usually accompanied by, or felt to be caused by,
uncomfortable and unpleasant sensations in the legs (or sometimes other body parts).
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 sitting.
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 move the legs and any accompanying unpleasant sensations during rest
or inactivity only occur at night or are worse in the evening or night than during
the day.
5. The occurrence of the above features is not solely accounted for as symptoms
primary to another medical or a behavioural condition (such as myalgia, venous
stasis, leg oedema, arthritis, leg cramps, positional discomfort or habitual
foot tapping).
Supportive criteria
1. Periodic limb movements (PLM): presence of periodic leg movements in sleep (PLMS)
or resting wakefulness (PLMW) at rates or intensity greater than expected for age or
medical/medication status.
2. Dopaminergic treatment response: reduction in symptoms at least initially with
dopaminergic treatment.
3. Family history of restless legs syndrome (RLS) among first-degree relatives.
4. Lack of profound daytime sleepiness.
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conducted in other regions, but the available studies also
reported a low prevalence in the respective populations16.
In one of the few studies, a similar prevalence of RLS
was found in white and black individuals in Baltimore,
USA17. At the population level, only three longitudinal
studies have been published with reported incidences
of between 9 and 22 cases per 1,000 person-years of
follow-up and a persistence of symptoms over time in
around 50% of individuals in Japan and Germany18,19.
RLS affects women more frequently than men, with a
reported 30–50% higher prevalence in women20. Women
should to be asked about RLS during pregnancy because
it occurs in one in five pregnant women, which is a twofold to threefold higher prevalence than in the general
population21. RLS symptoms peak in the third trimester
of pregnancy and resolve around childbirth22. However,
RLS can reappear later in life, with around a fourfold
higher chance than women who did not experience RLS
during pregnancy23.
In most studies, the prevalence of RLS increases with
age, with typical onset in the thirties or forties in adults,
but onset can also occur in children. However, studies of
paediatric RLS are rare; the few reports from the USA,
UK, Turkey and China found a prevalence of 0.5–1.0%
for moderate-to-severe symptoms12. Interestingly, the
sex difference in the prevalence of RLS is not observed
until late adolescence24.
Studies in individuals with a high comorbidity burden, such as studies conducted in primary care practices, have a consistently observed higher prevalence of
RLS than studies of healthy individuals25. Moreover, a
growing number of publications have reported associations between RLS and numerous diseases (Box 2),
including metabolic conditions (diabetes mellitus and
iron deficiency) and cardiovascular or renal disorders,
and arterial hypertension, autoimmune diseases (such
as multiple sclerosis), polyneuropathy, neurodegenerative disorders (such as Parkinson disease), and conditions associated with inflammation and depression26.
However, most of the studies that reported these associations were cross-sectional and, therefore, could not
identify whether RLS or the comorbid condition had
begun first. Few longitudinal studies into RLS have been
carried out, but two studies found that a multimorbidity
index that included several conditions increased the risk
of incident RLS with each additional comorbidity25.
Risk factors
Research into the role of lifestyle factors in the onset of
RLS has increased over time, as lifestyle factors offer
a high potential for prevention. Several studies found
protective effects of physical activity, whereas the effect
of obesity and smoking yielded inconclusive results27.
Genetic predisposition is an essential contributor to RLS.
Genetic risk factors. A positive family history of RLS is
found in 20–60% of patients, depending on the study,
and is believed to vary by differences in ethnicity, study
design and sample size. Of note, a positive family history
can be found in up to 60% of individuals with idiopathic
RLS and up to 80% of monozygotic twins28–30. In familial RLS, symptoms tend to start earlier in life than in
www.nature.com/nrdp
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Box 2 | Frequent comorbid conditions associated with RLS/PLMS
Major associations
• Renal failure (end-stage renal disease
requiring haemodialysis)
• Iron deficiency
• Pregnancy
Other associations
• Drug/substance use
-- Neuroleptics
-- Histamine-receptor antagonists
-- Lithium
-- Antiepileptics
-- Antidepressants
-- Antiemetics
-- Alcohol
• Neurological disorders
-- Polyneuropathy
-- Migraine
-- Amytrophic lateral sclerosis
-- Myelitis
-- Syringomyelia
-- Multiple sclerosis
-- Spinocerebellar ataxia

-- Myasthaenia gravis
-- Tourette syndrome
-- Neurodegenerative disorders (such as
Parkinson disease or multiple system
atrophy)
-- REM sleep behaviour disorder
-- Narcolepsy
• Rheumatological disorders
• Hypoxic conditions
-- Chronic obstructive pulmonary
disease
-- Obstructive sleep apnea syndrome
-- High-altitude/mountain sickness
-- Sarcoidosis
-- Pulmonary hypertension
-- Lung transplant
• Cardiovascular disorders (such as
hypertension)
• Obesity
• Diabetes mellitus
PLMS, periodic leg movements in sleep;
RLS, restless legs syndrome.

sporadic RLS, with a mean onset before 30–40 years of
age, and often with a dominant mode of inheritance4,31.
Nevertheless, RLS in general can appear at any age, with
later cases more often associated with a more severe and
rapid course of the disorder32.
Individual genetic risk variants for RLS remained
elusive until genome-wide association studies (GWAS)
became feasible in 2007 (refs33,34). Earlier linkage studies
had identified several linked regions but no causal genes
for supposedly monogenic RLS35. Moreover, studies
using exome sequencing or whole-genome sequencing
were limited to a few families, failed to identify unequivocal causal genetic variants and lacked confirmation in
independent studies36–39. By contrast, large-scale GWAS
identified definite genetic risk variants and nominated
genes for functional follow-up33,34,40–42. To date, these
GWAS have uncovered and replicated 23 common
genetic risk variants in 22 genomic loci40. The first of
the two most recent GWAS meta-analyses yielded
20 genome-wide significant risk variants, and pathway
analysis implicated neurodevelopmental processes in
the pathophysiology of RLS. Moreover, this study estimated the heritability contributed to RLS by common
variants (single-nucleotide polymorphism (SNP)-based
heritability) to be 19.6%, providing a measure of the
importance of these variants in RLS susceptibility40.
The second GWAS confirmed the known loci and iden
tified three novel risk loci for RLS. In addition, an expression quantitative trait loci (eQTLs) analysis revealed
significant cis-eQTL effects in this dataset, thereby
suggesting candidate causal genes in four risk loci42.
Identification of causal genes in GWAS risk loci is
challenging. Two studies have addressed this task. One
transcriptome-wide association study (TWAS, which
integrated RLS GWAS summary statistics and publicly
available genome-wide gene expression data) yielded
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five candidate genes in known loci as well as six novel
genes43. In another study using a more focused approach,
targeted sequencing of 84 genes in known RLS risk
loci was carried out and identified 14 candidate causal
genes by testing for a significant burden of rare coding
variants44. Taken together, these studies have substantiated the involvement of both common and rare genetic
variants in RLS susceptibility in populations of European
ancestry. Further variants will be identified, because the
GWAS discovery sample size (10,000–15,000 individuals) is still relatively small, and rare and structural variants have not yet been assayed at a genome-wide level.
To date, populations of non-European ancestry have not
been well studied. Few genetic studies have been carried
out in Asian individuals, although these studies were of
small sample size and have only validated single SNP
associations, for example, for BTBD9 and PTPRD, but
not for MEIS1, the latter of which is the top hit in all
European ancestry studies13,45.
These genetic findings have led to new animal and
cellular models of RLS. In-depth functional studies have
mainly focused on three genes: MEIS1, BTBD9 and
PTPRD. Bioinformatic pathway and gene set enrichment
analyses across the 19 risk loci identified processes such
as neurogenesis, axon guidance and synaptogenesis,
which are important for the correct building and maintenance of functional neuronal circuitry in the nervous
system40 (Box 3).
Interestingly, GWAS of insomnia symptoms also
identified strong associations with variants in MEIS1
(refs46,47). In addition, genetic correlation analyses of
these GWAS and those for RLS showed a significant positive correlation of the overall association signals for RLS
and insomnia symptoms47–49. Further statistical analyses indicated that the association between MEIS1 and
insomnia symptoms is likely to be driven by the presence
of a subgroup of individuals with comorbid RLS. This
finding was corroborated by a negative GWAS of the
same variant in a population of patients clinically diagnosed with insomnia47. Other risk loci that are shared
between RLS and insomnia symptoms, statistical analyses pointed to possible pleiotropic effects (that is, shared
pathomechanisms)49,50; however, additional studies in
large and carefully phenotyped cohorts are needed to
enable definite conclusions.

Mechanisms/pathophysiology
Although its aetiopathogenesis still remains somewhat
uncertain, RLS is considered a complex condition in
which genetic background, environmental factors
and gene–environment interactions predispose people to disease and affect expression of the full clinical
phenotype26. In terms of aetiological insights, several
mechanisms have been identified and proposed to play
a major part in pathophysiology, and some of these can
be targets for therapeutic action (Fig. 1).
Brain iron deficiency
Numerous studies have indicated a high prevalence of
RLS symptoms in individuals with conditions associated with insufficient iron availability51. For example, the
prevalence of RLS symptoms in individuals with iron
3
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deficiency is 30%52, around four to six times higher than
in the general population, depending on sex.
Of note, most patients with RLS do not have systemic iron deficiency but rather have brain iron deficiency. Whether all patients with RLS have brain iron
deficiency is unknown; however, transcranial ultrasound of the substantia nigra (the main iron store in
the brain) found hypoechogenicity, which is supposed to
indicate a decreased iron content, with specificity up
to 0.90, and sensitivity to 0.82 (refs53,54). Magnetic resonance imaging (MRI) studies have showed decreased
iron in the red nucleus in patients with RLS55. Brain iron
deficiency in patients with RLS has also been shown by
reduced cerebrospinal fluid (CSF) levels of ferritin (the
intracellular iron storage protein) and increased CSF
transferrin levels (the extracellular iron carrier protein)
with normal serum levels of ferritin and transferrin56.
Furthermore, post-mortem studies have shown alterations in expression of proteins involved in iron management and regulation in the choroid plexus and in the
brain microvasculature, namely, a significant reduction
of intracellular iron and ferritin and an upregulation of
transferrin receptor of patients with RLS, suggesting
altered brain iron acquisition57. Moreover, the alteration of transferrin receptor, ferritin and the transporters
DMP1 and ferroportin (a cellular iron exporter) in brain
endothelial cells support that iron transport to the
brain via transferrin, which is regulated by endothelial
cells in the blood–brain barrier, is impaired in RLS.
Altogether, brain iron deficiency in RLS may result from
alterations of iron acquisition by the brain57.
Box 3 | Genetic risk factors for RLS
MEIS1, which is the strongest identified genetic risk factor for restless legs syndrome
(RLS)46,204 encodes the TALE homeodomain transcription factor MEIS1, which is an
important regulator of cellular proliferation and differentiation during development205–207.
RLS-associated variants of MEIS1 affect gene activity during embryonic development,
specifically in the ganglionic eminences, which are developmental structures that give
rise to a diverse population of neurons, including precursors of basal ganglia cells208.
This change in MEIS1 activity may conceivably cause subtle but pathogenically
important changes in the timing of differentiation of basal ganglia cells. These could
in turn result in differences in the number, type and localization of cells in the central
nervous system, possibly affecting the sensorimotor circuits thought to be involved
in RLS49.
PTPRD, which is also located at an RLS risk locus, is involved in neurodevelopment209.
RLS-associated variants in PTPRD have been linked to its expression level and a knockout
mouse model showed behavioural changes such as increased locomotion and reduced
sleep during the sleep onset period210. Similar changes in locomotor behaviour and sleep
have been observed in mouse and Drosophila knockout models of BTBD9 (refs211–213).
BTBD9-knockout mice also have changes in neural circuitry patterns, such as higher
neural activity in the striatum, with stronger postsynaptic currents in medium spiny
neurons and decreased excitability of striatal cholinergic interneurons211.
Model systems for MEIS1 and BTBD9 have also been used to evaluate brain or
systemic iron and dopamine metabolism46,204,211,214,215. Reduced expression of MEIS1
affected iron and metal metabolism gene expression and resulted in increased ferritin
expression in Caenorhabditis elegans models and in human cell lines46,214. By contrast,
increased iron levels were found in the serum, but not in the striatum, of BTBD9-
knockout mice211. The same mouse line showed circadian-dependent reduction of
dopamine receptor D2 (D2R) expression in the striatum215. One small proteomic
study evaluating serum biomarkers of RLS identified five possible interesting protein
interaction networks, of which one related to brain-related development216. How these
neurodevelopmental changes relate to the longstanding pathogenetic hypotheses for
RLS remains to be determined.
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Serum ferritin and transferrin saturation (percentage
iron binding) are the best easily available markers of iron
deficiency, although other markers may be useful in this
regard. For example, serum levels of hepcidin (one of
the master regulators of iron homeostasis) was higher
in drug-free patients with primary RLS than in controls,
and seems to be associated with RLS clinical severity58.
In addition, higher hepcidin levels were associated with
older age, later RLS onset, less daytime sleepiness and
familial RLS59. These results suggest that serum hepcidin
may be an interesting biomarker for RLS, and may be
more relevant than ferritin owing to complex peripheral
iron metabolism deregulation in RLS.
Dopamine dysregulation
Involvement of the dopaminergic system in the pathophysiology of RLS is supported by the therapeutic benefit of dopamine agonists on both sensory and motor
(PLMS) symptoms. These clinical observations are suggestive of diminished dopaminergic signalling in RLS;
however, subsequent research found increased synthesis and release of dopamine, which is compatible with a
presynaptic hyperdopaminergic state60. Indeed, patients
with RLS have reduced f-D OPA uptake61, increased
tyrosine hydroxylase (TH, which is involved in dopamine synthesis) staining in the substantia nigra and
the putamen, decreased dopamine transporter (DAT,
involved in dopamine uptake from synaptic clefts
in the putamen), increased CSF biopterin (a cofactor involved in dopamine synthesis), increased CSF
3-O-methyldopa (3OMD, a metabolite of the dopamine precursor l-dopa), decreased dopamine 2 receptor (D2R) in the morning, and mildly increased D2R in
the afternoon in the putamen55. Interestingly, brain iron
deficiency in rodents confers a similar dopaminergic
profile to that observed in patients with RLS, that is,
a decrease in striatal D2R density, decreased DAT in
the putamen and increased expression of phosphorylated TH in the substantia nigra55,62. The mechanism of
action of dopaminergic medications in RLS is unclear,
owing to the reported hyperdopaminergic state; however, it may be partially explained by the circadian
aspect of dopaminergic physiology; a postsynaptic
downregulation of D2Rs may lead to a night-time dopaminergic deficit63. In addition, the dopamine receptor
agonists pramipexole and ropinirole block glutamate
release in rats with brain iron deficiency and controls64,
suggesting dopamine receptors in striatal glutamatergic
terminals might be one of the targets for these drugs
in RLS64.
In addition to central dopaminergic mechanisms,
the descending spinal dopaminergic system (which
originates from A11 neurons in the dorsal-posterior
hypothalamus) might also be involved in the pathophysiology of RLS. Indeed, lesioning of the A11 descending
projections in animals may cause RLS symptoms65.
For example, mice with lesions of the A11 region
have increased volitional movement, greater activity
and aggressive behaviour, which is further accentuated by iron deprivation66. However, no damage of the
A11 region was found in six brains from patients with
idiopathic RLS67.
www.nature.com/nrdp
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Such as MEIS1 and BTBD9
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For example
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(dopamine antagonists)
• Hypoxia
• Pregnancy
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• Renal failure

Fig. 1 | Proposed pathogenetic model of RLS. The primary pathology of restless legs syndrome (RLS) may relate to brain
iron deficiency that might induce hyperdopaminergic and hyperglutamatergic states. Such interplay between brain iron
and neurotransmitters may trigger the arousal systems, leading to sleep disturbances, and alter the functioning of the
corticostriatal circuits, leading to the sensorimotor symptoms of RLS. Interactions between genetic predisposition and
external factors may also be involved in pathophysiology. Other factors may also be involved, but remain to be identified.
CSF, cerebrospinal fluid. aA drop in serum ferritin is seen only in 10–20% of patients with RLS.

Of note, the dopaminergic and brain iron deficiency
hypotheses of RLS may not be mutually exclusive.
Animal models of brain iron deficiency lead to changes
in striatal dopaminergic function, and in patients
with RLS, biochemical, post-mortem and imaging
studies also suggest that alterations in iron trafficking to the brain lead to changes in striatal dopamine
neurotransmission68. Furthermore, one study found a
significant reduction in haem oxygenase 1, mitoferrin 1
and mitoferrin 2 mRNA in peripheral blood monocytes
from patients with RLS, indicating a mitochondrial iron
deficiency with associated impairment of mitochondrial
function in these patients. Of note, the impaired mitochondrial respiratory capacity partly improved after
treatment with dopaminergic therapies, suggesting the
involvement of dopamine in cellular iron homeostasis69.
μ-opioid receptors mediate both the analgesic and
addictive effects of opioids. These receptors are located
in the dopaminergic ventral tegmental area and in the
nucleus accumbens, and are probably also involved in
the therapeutic effects of opiates in RLS. Thus, agonists
of μ-opioid receptors ultimately lead to dopaminergic
activation70.
Hyperglutamatergic state
Several studies have supported a role for altered glutamatergic neurotransmission in RLS. For example, one
study using magnetic resonance spectroscopy found
an increase in basal glutamate levels in the thalamus in
patients with RLS compared with controls71. Moreover,
therapies that have an effect on RLS symptoms affect
glutamate receptors or glutamate release, such as α2δ
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ligands (which inhibit presynaptic glutamate release61,72)
and drugs that inhibit NMDA receptors (ketamine and
methadone)73–75 or AMPA-glutamate receptor (perampanel)76. Indeed, drugs that inhibit glutamate receptors
are probably more effective in improving sleep duration
than dopamine receptor agonists, whereas the reverse is
true for reducing PLMS72. Indeed, dopaminergic receptor agonists were associated with a low improvement
of sleep efficiency, despite the pronounced improvement in PLMS and sensory symptoms69,77. Of note,
iron deficiency might lead to hypersensitivity of the
glutamatergic cortico-striatal terminals in rodents64,78,79.
Role of adenosine
In rodents, brain iron deficiency produces a significant downregulation of adenosine A1 receptors (A1R)
and an upregulation of striatal A2A receptors (A2AR),
leading to increased sensitivity of cortico-striatal glutamatergic terminals80,81. A1R and A2AR are localized to
cortico-striatal terminals, where they form A1R–A2AR
heteromers that (in low adenosine concentrations)
inhibit glutamate release and (in high adenosine concentrations) facilitate glutamate release82. However, A1R is
more sensitive to brain iron deficiency than is A2AR80, so
it is likely that brain iron deficiency would first induce an
A1R downregulation before upregulating A2AR, leading
to a hypoadenosinergic state.
In addition to effects on glutamate release, A1R and
A 2AR interact with dopamine D 1 receptors (D 1R)
and D2R, forming A1R–D1R and A2AR–D2R heteromers,
respectively83. These A1R–D1R and A2AR–D2R hetero
mers are highly expressed on the striatonigral and
5
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striatopallidal neurons and may exert an elaborated
inhibitory modulation of dopamine signals that finally
disrupts the adenosine–dopamine–glutamate balance
in the striatum83. In support of a role for adenosine in
RLS, an open study found that dipyridamole (a blocker
of the adenosine reuptake transporters ENT1 and
ENT2, thereby increasing extracellular levels of adenosine in the brain) had a therapeutic effect on sensory
symptoms, PLMS and sleep disturbances in patients
with RLS; these findings were replicated in a crossover,
placebo-controlled study84,85.
Neurophysiology
Neurophysiological studies of RLS have been used to
obtain indirect measures of the central and peripheral
nervous system excitability, and to probe involved neural circuits86. These findings are in line with those using
neuroimaging in RLS.
Overall, electrophysiological data support the
hypothesis that RLS is a complex sensorimotor disorder in which cortical, subcortical, spinal and peripheral
nerve generators comprise a dysfunctional network that
results in enhanced excitability, decreased inhibition
and impaired synaptic plasticity87. Translationally, these
results suggest that, in addition to the well-known dopaminergic involvement, other pathways (including glutamate, GABA and opioid pathways) may contribute to
the pathogenesis of RLS, as in chronic pain conditions88.
Notably, the reduced central inhibition can contribute to
the excitation state of segmental spinal pathways more
than a primary excitability increase can. Indeed, several
transcranial magnetic stimulation studies demonstrated
supra-spinal GABA-mediated disinhibition in RLS,
which suggest that the cortex is not involved in generation of PLMS89,90. Moreover, abnormal peripheral nerve
function may also affect spinal and supraspinal activity,
as demonstrated by studies on the H-reflex, quantitative sensory testing, and the cutaneous silent period91,
although the findings from each technique should be
considered within the whole pathophysiological scenario
proposed for RLS.
Neuroimaging
Studies using cerebral MRI found an increased presence of silent cerebral microvascular disease and gliosis in patients with long disease duration of RLS, which
is possibly associated with the suggested link between
RLS and hypertension, stroke and other cardiovascular
disease92. In addition, diffusion-tensor imaging studies
have confirmed the presence of subtle white-matter
changes, particularly in patients with severe symptoms
of RLS, in regions affecting structures involved in sensory or motor control, and sensorimotor integration,
indicating possible dysfunctional integration of these
networks in RLS93. Moreover, several studies suggest that
decreased functional connectivity in the dopaminergic
network in RLS is an expression of sensorimotor processing dysfunction that involves nigrostriatal, mesolimbic and mesocortical connections, and is accompanied
by an increased functional connectivity in the thalamus
(ventral lateral, ventral anterior and ventral posterior
lateral nuclei, and the pulvinar)94. Another study using
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multimodal MRI further confirmed the involvement of
white matter in RLS (specifically the post-central and
precentral cortex and the frontopontine tract), and correlated white-matter involvement with disease duration,
in addition to increased grey-matter volume in the right
primary motor cortex (negatively correlated with the
above frontopontine tract changes)95. In addition, iron
content was reduced in the putamen and the temporal
and occipital areas of patients with RLS. The authors
concluded that a progressive white-matter decline of
somatosensory circuits, possibly supporting sensory leg
discomfort, could be identified by multimodal MRI, in
addition to increased grey-matter volume of the premotor cortex, possibly as a consequence of functional
neuronal reorganization95. More recently, a case–control
resting-state functional MRI study has found higher
connectivity within salience, executive and cerebellar
networks, and lower cerebello-frontal communication
in patients with RLS than in controls96. In addition,
this study found lower cerebello-parietal connectivity
in untreated patients than in healthy controls, corresponding to regions associated with attention, response
inhibitory control and sensory information processing96.
Moreover, connectivity between the thalamus and frontal regions was significantly higher in patients using
dopaminergic medications than in untreated patients
and controls, suggesting a treatment effect on the
thalamus96.
Hypoxic pathway
Emerging evidence indicates the involvement of hypoxia
in RLS pathogenesis. In accordance with these findings, a small number of epidemiological studies have
reported an increased prevalence of RLS and, in one
case, of PLMS, in populations living at high altitude97–101.
Moreover, lung diseases associated with hypoxia, such
as chronic obstructive pulmonary disease, sarcoidosis,
asthma, pulmonary hypertension and obstructive sleep
apnoea are risk factors for RLS97,102.
Compared with healthy controls, patients with RLS
show peripheral hypoxia, measured non-invasively on
the skin of the legs103; in addition, symptom severity correlated with a high chest-to-foot oxygen gradient, and
pramipexole improved both symptoms and peripheral
hypoxia. Dopamine receptors are present in vascular
endothelium and their binding causes vasodilatation,
which potentiates peripheral blood flow104. Peripheral
muscular microvascular abnormalities, such as capillary tortuosity, associated with lower predicted oxygen
uptake were found in patients with RLS compared with
controls105. Such remodelling of microvascular networks
might represent angiogenesis as a physiological response
to hypoxia, which is also supported by the finding of
vascular endothelial growth factor (VEGF) upregulation in the skeletal muscles of the legs in patients with
RLS106. Activation of the hypoxic pathway with upregulation of hypoxia inducible factor 1α (HIF1α) was found
in the substantia nigra in a few brains from patients with
RLS107. Hypoxia could not only upregulate the expression of HIF1 but also downregulate the expression of
some iron-related proteins and the vascular endothelial
growth factor55.
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Diagnosis of deﬁnite RLS
• Perform neurological examination
• Evaluate chronicity and severity of RLS, presence of comorbidities, sleep hygiene, %TSAT and ferritin levels
• Eliminate aggravating factors (antidepressants and neuroleptics)

%TSAT <45% and ferritin <75 μg/ml

%TSAT >45% and ferritin >75 μg/ml

Chronic (>2/week) moderate to very severe RLS

Iron supplementation
First line orally
Second line IV

First-line therapy
α2δ ligands (preferred to prevent
augmentation) for
• Very painful or insomniant RLS
• Associated pain complaint
• Comorbid anxiety disorder
• History of ICD

First-line therapy
Low dose dopamine agonist for
• Very severe RLS
• Comorbid depression
• Renal insuﬃciency
• Severe periodic leg movements
during sleep

Not well-tolerated

No eﬀect
• Reconsider the RLS diagnosis and presence of comorbidities
• Consider diagnosis of pharmacoresistant RLS

Infrequent and mild RLS

Consider a second-line therapy
• Switch ﬁrst-line therapy or combine ﬁrst-line therapies
• Low dose opioids after failure of two other drug classes
or associated with severe pain

Non-pharmacological
therapy; occasional
on-demand treatment

Augmentation syndrome (if dopamine agonist)

Initiate an augmentation treatment
• Reduce and split the dose
• Switch to a long-acting dopamine agonist
• Weaning oﬀ the dopamine agonist or
combine with second-line therapy
• Check ferritin and other aggravating factors

Fig. 2 | Algorithm for management of RLS. Treatment of restless legs syndrome (RLS) depends on the iron status of the
patients and the severity and frequency of symptoms. ICD, impulse control disorder; TSAT, transferrin saturation.

Diagnosis, screening and prevention
Clinical evaluation and diagnostic criteria
The lack of a reliable biological diagnostic marker for
RLS makes the clinical evaluation, particularly collecting
the patient’s medical history, a crucial step in correctly
diagnosing this disorder, distinguishing symptomatic
from idiopathic forms and guiding management.
Diagnosis of RLS is based on proof of all five essential diagnostic criteria, ascertained through a detailed
medical interview7 (Box 1) (Fig. 2).
RLS is characterized by an urge to move the legs that
is usually, but not always, accompanied by, or felt to be
caused by, uncomfortable and unpleasant sensations
in the legs. However, other body parts are involved in
30–50% of cases, particularly the arms, with different
grades of symmetry108,109.
Symptoms are usually reported as originating
‘inside’ or ‘deep’, from muscles or tendons;7 however,
some patients might have difficulty explaining their
symptoms and may use strange or slang terminology.
‘Pain’ as well as possible references to thermal aspects
of symptoms, are not infrequently used by patients110.
However, ‘restlessness’ and ‘urge to move’ are probably the most appropriate terms to describe symptoms.
Physicians may use incorrect words to describe symptoms, such as ‘dysaesthesia’ or ‘paraesthesia’, with the
risk of overlapping with terminology used for peripheral
neuropathy.
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Symptoms start or worsen during periods of rest
or inactivity (such as lying or sitting) and are partially
or totally relieved by movement (such as walking or
stretching), at least for as long as the activity continues7.
Moreover, symptoms are common in certain situations,
such as sitting in the car as a passenger, flying for long
distances and sitting at the cinema or theatre. Although
each patient has their own strategy to relieve symptoms,
the most frequently reported are walking, stretching,
massaging the affected limbs or other actions, such as
showering the limbs with cold water or stepping on the
floor with bare feet. By contrast, intense activity during
the day may worsen the symptoms during the evening
or night. More-severe RLS is associated with a shorter
latency from rest or inactivity to symptom onset, as
well as the reappearance of symptoms after the end of
movement.
In most patients, symptoms are worse in the evening
or night than during the day, or are only present during the evening or night7,111. However, in severe cases,
symptoms can occur during the whole day. A careful
evaluation might disclose whether the typical pattern
was previously present in the patient medical history.
The circadian trend of symptoms is critical in the differential diagnosis, and explains the effect of RLS on
sleep initiation. The fluctuation of symptoms during the
day is independent of activity, despite being modulated
by activity, but correlates with core body temperature
7
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and salivary melatonin levels, and is accompanied by a
similar variation of the frequency of PLM111–113.
The fifth diagnostic criteria was introduced in 2014
to rule out mimics and increase the specificity of the
diagnosis7. Common mimics include positional discomfort, sore leg muscles, ligament sprain, tendon strain,
positional ischaemia (numbness), dermatitis, bruising
and, in children and adolescents, growing pains. Less
common mimics include leg cramps, orthopaedic disorders, peripheral and spinal neurological disorders, muscle diseases, pain, drug adverse effects or haematological
conditions. Of note, certain conditions can occasionally
possess traits that meet four of the five inclusion criteria
for RLS, such as leg cramps and positional leg discomfort
(Table 1).
Although their presence is not mandatory for a diagnosis of RLS, other supportive criteria and associated
clinical features are included in the diagnostic criteria.
Some of these criteria, particularly, the effectiveness of
dopamine agonists, lack of profound daytime sleepiness
and presence of a family history of RLS contribute to
a better characterization of the clinical picture of RLS,
and help diagnosing uncertain and atypical cases (Box 1).
Around 60–70% of patients with RLS experience
disrupted sleep, including difficulties in falling asleep,
reduced total sleep time and increased number of awakenings with RLS symptoms114,115. RLS-related insomnia
mainly occurs during the first part of the night and
sometimes represents the major complaint of patients,
who may under-evaluate or not focus their attention on
sensory symptoms. The high prevalence of disrupted

sleep in patients with RLS, and the finding that 10%
of patients with insomnia also report RLS symptoms,
justifies a screening for RLS in all patients complaining
about insomnia116. Conversely, all patients with suspected RLS should be questioned about the presence of
insomnia. Sleep disruption in RLS might be refractory
to common hypnotics and might persist even after successful treatment of sensory symptoms117. Importantly,
despite sleep disruption and/or restriction in patients
with RLS, they may lack daytime sleepiness, or at least,
the level of sleepiness often seems disproportionate to the
grade of night-time sleep impairment118. Other signs
of chronic sleep deprivation such as fatigue, difficulty
concentrating or depressive symptoms, may occur, but
they are infrequently accompanied by profound sleepiness and needing to nap71. Severe sleepiness in patients
with RLS should be investigated for other causes, such
as sleep apnoea, medication or central hypersomnolence
disorders.
Once diagnosed, several steps should be undertaken
to evaluate the course and severity of RLS and to identify secondary or symptomatic forms. When untreated,
RLS can be classified as ‘chronic-persistent’ if symptoms have occurred on average at least twice weekly for
the past year, or as intermittent if they have occurred
on average less than twice weekly for the past year,
with at least five lifetime events7. Severity is routinely
addressed using the International RLS (IRLS) rating
scale, which consists of ten questions rated from 0 to
4, and is administered face-to-face. This scale classifies
RLS as mild (scores 1–10), moderate (scores 11–20),

Table 1 | Description of the main mimics and main differential features of RLS
Disorder

Location and
characteristics of the
distress

Motions or
movements
that can relieve
symptoms

Findings from
neurological
evaluation, and
electromyography

Is there a
circadian
pattern of
symptoms?

Additional features
Is there a
response to
dopamine
agonists?

RLS

Diffuse unpleasant
sensations that usually
occur in the calf

Walking or altering
position

Normal

Yes

Yes

Frequent familial history
and/or association with iron
deficiency

Sleep-related
leg cramps

Painful involuntary
Massaging or
muscle contractions that stretching the
generally affect muscles involved muscles
in the calf or foot

Normal

No

No

Muscular contraction can be
palpable or visible. In some
patients, muscle contraction
can be secondary to another
disorder.

Positional leg
discomfort

Unpleasant sensations in Changing position
the legs that are caused
after sitting or lying in
the same position for
a long time

Normal

No

No

None

Akathisia

Feeling of inner
restlessness not
exclusively located in
legs

Movement

Normal

No

No

History of neuroleptic
medication use or associated
extrapyramidal symptoms

Polyneuropathy Painful burning
sensations in the
upper and lower
extremities (sometimes
in a glove and stocking
distribution)

None. However,
inactivity can
worsen symptoms

Altered (except
occasionally
in individuals
with small-fibre
polyneuropathy)

No or weak

No

None, or the urge to move
the legs is less common than
in RLS

Venous
disorder

Resting or
elevating legs

Normal

No

No

Skin alterations in some
patients

Sensory discomfort in
the legs when standing

RLS, restless legs syndrome. Data from ref.203.
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Table 2 | Scoring of periodic leg movements during sleep and wakefulness in the WASM and AASM criteria
WASM criteria124

AASM criteria123

Inter-movement interval

Onset-to-onset: 10–90 s

Onset-to-onset: 5–90 s

Number of leg movements

Four or morea

Four or more

Inter-movement interval >90 s

PLM series stops

PLM series stops

Inter-movement interval <5 s

Not applicable

Counted as one leg movement

Inter-movement interval <10 s

PLM series stops

Not applicable

Sleep–wake periods

All leg movements form PLM series;
Only leg movements during sleep form
for PLMS, only those during sleep are PLM series and are counted
counted; for PLMW, only those during
wakefulness are counted

Bilateral leg movements

Offset-to-onset <0.5 s; ≤4 unilateral
leg movements, each 0.5–10 s long;
≤15 s total duration

Onset-to-onset <5 s

Respiratory-related leg
movements

Included and then excluded
from PLM series and/or reported
separately

Excluded from PLMS series

Respiratory-related leg
movements definition

Any leg movement occurring within
±0.5 s from the end of a respiratory
event or from 2.0 s before to 10.25 s
after the end of a respiratory event

Any leg movement occurring within 0.5 s
before the start to 0.5 s after the end
of an apnea or hypopnea, respiratory
effort-related arousal, or sleep-disordered
breathing event

PLM, periodic leg movements; PLMS, periodic leg movements during sleep; PLMW; periodic leg movements during resting
wakefulness. aLeg movements lasting <0.5 s are disregarded; leg movements lasting >10 s stop the PLM series.

severe (scores 21–30) and very severe (scores 31–40)119.
A validated and reliable self-administered version of the
IRLS scale is also available120. In addition to the IRLS
scale, clinicians should always weigh up the burden of
RLS-related distress on social, occupational and educational domains and/or other areas of functioning
like sleep, energy or vitality, daily activities, behaviour,
cognition or mood.
Other diagnostic tests
A history of iron deficiency needs to be explored during
clinical evaluation. Although usually unremarkable in
idiopathic RLS, an accurate neurological examination is
the last mandatory step of clinical evaluation. The presence of abnormal neurological signs suggests whether or
not further diagnostic tests should be performed, in parti
cular electromyography in the case of signs of neuropathy
and neuroimaging in the case of signs of myelopathy.
No biological tests are strictly necessary for diagnosing RLS; however, a haematological screen, particularly
at the first clinical evaluation, is recommended to identify secondary forms of RLS and manage the underlying
disorder.
Haemoglobin, serum ferritin and transferrin saturation (percentage of iron binding) are the best easily available markers of iron deficiency. In inflammatory states,
high levels of ferritin may not correspond to adequate
iron storage and transferrin saturation needs to be evaluated. Although not easily accessible, owing to the invasive
nature of the lumbar puncture, there is evidence of low
levels of ferritin in CSF from patients with RLS who have
normal sera ferritin levels56,121. Alternatively, brain iron
content can be reliably evaluated via transcranial sono
graphy of the substantia nigra, which is the main iron
store in the brain122. As previously mentioned, hepcidin
is under evaluation as a promising marker of RLS59.
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In patients with suspected renal insufficiency, creatinine levels should be measured, whereas rheumatological and inflammatory tests should be carried out in those
with suspected rheumatic diseases. If neurological examination is suggestive of peripheral neuropathy, glycaemia
and glycated haemoglobin, then folate and vitamin B12
or more specific tests might be considered.
PLM
PLM are very often associated with RLS. PLMS are
recorded using polysomnography from each tibialis anterior muscle and often mimic the triple flexion
reflex (dorsiflexion of the ankle and flexion of the knee
and hip).
Two different sets of criteria are available for detecting and scoring PLMS from the American Academy of
Sleep Medicine (AASM)123 and the World Association
of Sleep Medicine (WASM)124 (Table 2). Here, we refer
to the criteria from WASM because they are the most
detailed.
PLM appear as leg movements with a duration
between 0.5 and 10 s recorded on one leg (Fig. 3). The
identification of PLM is carried out by marking all
uninterrupted sequences of at least four candidate
leg movements (unilateral or bilateral) separated by
10–90 s. Periods of >90 s without movements can interrupt the periodic sequence. After identification of periodic movements, the movements are classified as PLMS
or PLMW. PLMS associated with arousals (overlapping or
not separated by >0.5 s, disregarding which occurs
first) are then counted, whereas those occurring around
the end of respiratory events (see WASM criteria124 for
criteria) are classified as respiratory-related leg movements, not as PLMS. The most important parameter to take into account after the scoring of PLMS is
their index (that is, number of movements per hours
9
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Fig. 3 | Periodic leg movements during sleep. Example of periodic leg movements during sleep (PLMS) in a patient with
restless legs syndrome (RLS). Note that five bilateral movements are shown, occurring in a time window of 120 s.

of sleep), which is typically ≥15 in 70–80% of patients
with RLS.
The diagnostic value of PLMS for RLS is low, owing
to their low specificity for RLS125. PLMS also occur in
many other sleep-related conditions, other diseases and
in healthy individuals, particularly in the elderly. In the
large-cohort polysomnography study HypnoLaus, comprising >2,000 individuals with a mean age of 51 years,
a PLMS index >15 was found in 28% of participants125.
Analysis of the degree of periodicity of PLMS (by means
of graphs reporting their interval distribution or by calculating the so-called Periodicity Index) and observing
a declining trend throughout the night also provides
important information126. The use of the most recent
WASM scoring criteria and the consideration of PLMS
periodicity and time-of-night distribution can increase
the specificity for RLS and identify a homogeneous
motor pattern responding to dopaminergic agents and
probably associated with specific genetic predisposing
factors (such as BTBD9)33.
In contrast to RLS, PLMS are more frequent in males
than in females125. PLMS are often associated with cortical arousals and autonomic activation; however, their
direct causal role in sleep disruption and their effect on
the cardiovascular system is still under investigation127.
PLMS can be associated with repeated increases in
blood pressure and heart rate that lead to blunted
nocturnal blood pressure dip and potentially resistant
hypertension128,129.
Paediatric RLS
Diagnostic criteria for paediatric RLS are the same as
adult criteria7; however, in children, the description of
symptoms must be in their own words. In this context,
the applicability of diagnostic criteria to children is
influenced by their language skills and cognitive development rather than age. Of note, infants, toddlers, or
non-verbal children with RLS often present with bedtime irritability and delayed sleep onset130. A high awareness of the possibility of RLS in children by the clinician
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is needed to accurately identify and promptly treat these
children.
Moreover, for paediatric RLS research, diagnostic criteria include ‘probable’ and ‘possible’ diagnosis of RLS.
Probable RLS does not require the ‘occurrence only or
worsening in the evening or night’7,131. For possible RLS,
behavioural manifestations of leg discomfort when sitting or lying must occur with movements of the affected
limbs, and the discomfort must be worse at rest or during inactivity, relieved by movement, worsen in the
evening or night, and must not be due solely to another
medical or behavioural condition.
Family history of RLS in a first-degree relative and
elevated PLMS on polysomnography (PLMS >5/hour)
in the patient or elevated PLMS (>15/hour) in an adult
first-degree relative are all factors supporting the diagnosis of paediatric RLS when the criteria are not clearly
met. PLMS can often precede the diagnosis of RLS in
young children130. Daytime consequences of paediatric
RLS include impairment in the behavioural and educational domains130. As in adults, common mimics must be
excluded; careful clinical assessment is often sufficient
to exclude most of these mimics. However, assessing
iron status is recommended in all children with RLS
symptoms.

Management
In many cases, RLS is still incurable, so treatments
focus on alleviating disease symptoms, which can be
effectively managed if treatment is timely and adequate. However, RLS is often unrecognized or misdiagnosed. Consequently, patients with RLS often do not
receive timely and appropriate treatment, which leads
to the worsening of disease symptoms and unnecessary suffering. We may recommend first the assessment
of systemic iron status and its appropriate treatment
if needed, the management of comorbid sleep disorders and the assessment of the impact of medication
that may aggravate or cause RLS. For infrequent and
mild RLS, we recommend first non-pharmacological
www.nature.com/nrdp
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strategies and occasional on-demand use of low-potency
opioids (codeine or tramadol) or, rarely, carbidopa/
levodopa. Few head-to-head studies comparing RLS
treatments have been carried out, so clinicians often
decide the order of therapies on the basis of the patient’s
comorbidities or potential adverse effects (Fig. 2). Of
note, during pregnancy, most drugs that treat RLS
(such as dopamine agonists and α 2δ ligands) are
contraindicated.
Non-pharmacological therapies
Non-pharmacological approaches for management of
RLS may be adequate in patients with non-severe or
infrequent intermittent RLS132. Regular physical exercise (conventional exercise and yoga), magnetic or
electrical stimulation techniques, acupuncture, lifestyle
interventions (pneumatic compression133, light therapy
and cognitive–behavioural therapy, especially in those
with associated chronic insomnia and depressive symptoms), avoidance of exacerbating factors (such as iron
deficiency and white wine), and sleep hygiene advice
should always be considered initially132.
Importantly, several medications can precipitate or
exacerbate RLS symptoms. These medications include
antihistamines, neuroleptics and other dopamine
receptor antagonists, most antidepressants (although
with less evidence for lithium)134,135. Discontinuation or
dose adjustments of these medications should be considered in those with RLS, although it may be difficult
to implement if they are needed for the management of
comorbid disorders.
Pharmacotherapy
Iron therapy. Oral iron supplementation for 12 weeks
should be considered for people with RLS who have
low ferritin levels (<75 μg/l), and transferrin saturation
<45%, although criteria to identify probable responders,
and optimal formulations (often ferrous sulfate associated with vitamin C) and durations of treatment remain
unclear136. Intravenous ferric carboxymaltose may also
improve RLS symptoms in patients with moderate to
severe RLS regardless of ferritin level136. An updated
algorithm considered intravenous administration of ferric carboxymaltose if transferrin saturation was <45%,
and one of the following: serum ferritin concentration
<100 μg/l and a more rapid response than that with oral
iron is desired; oral iron cannot be adequately absorbed
owing to gastrointestinal disorders, bariatric surgery or
chronic inflammatory conditions; oral iron is not tolerated; and RLS does not improve despite an adequate
trial of oral intake of iron134. According to the consensus
clinical practice guidelines, iron overload needs to be
avoided136.
Dopaminergic drugs. Dopamine agonists have been
widely used for the management of RLS137 and have
remained the first-line therapy until recently. Many
clinical trials have demonstrated the effectiveness
of these drugs in alleviating RLS symptoms and PLMS.
These medications target mainly D3R, take approximately 1 hour to work, and, therefore, are suitable for
use on demand138.
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Dopamine agonists used in the management of
RLS include pramipexole, ropinirole and rotigotine.
Pramipexole has level A evidence139. The most common adverse effects of pramipexole include orthostatic
hypotension, headache, nausea and lower-limb oedema.
Although infrequent, these classes of drugs can trigger
compulsive and impulsive behaviours (see Quality of
life, below) and should therefore be avoided in patients
with a past history of such behaviours140. Also infrequent, but with potentially dangerous consequences in
those who drive, daytime sleep attacks have also been
observed with dopamine agonists, although mostly with
treatment for Parkinson disease141. However, this effect
is rare in RLS, as the daily dose of dopamine agonists is
considerably lower than in patients with Parkinson disease. Ropinirole has an effectiveness and adverse effect
profile that is very comparable to that of pramipexole142.
Ropinirole was effective in improving RLS symptoms for
up to 6 months according to two class I studies and up
to 1 year according to two class I studies (level B evidence)139. Rotigotine (delivered through a transdermal
patch allowing continuous release) reduced RLS symptoms for up to 6 months in two class I and three class II
studies (level A evidence)143, with results of sustained
efficacy for patients with moderate-to-severe RLS at a
stable dose for up to 5 years. Nevertheless, almost 50%
of the patients needed to discontinue treatment owing
to adverse effects, augmentation and lack of efficacy143.
Owing to its unique route of delivery, rotigotine may be
especially useful in patients with daytime symptoms,
swallowing difficulties and those undergoing surgery.
A small case study also showed that rotigotine improved
PLM and RLS symptoms in the short term among
patients with comorbid moderate to severe RLS and
end-stage renal disease requiring haemodialysis144. In all
patients with RLS, the dose of dopamine agonists should
be kept as low as possible and the escalating dose
should never exceed the maximum recommended dose.
Another two dopamine agonists, pergolide and
cabergoline, are effective for RLS (level A evidence)139.
However, all ergot-derived dopamine agonists are associated with severe adverse effects, including mediastinal fibrosis and valvulopathy, and therefore have been
withdrawn from the market in most regions.
Over the past decade, the use of dopamine agonists
for treatment of RLS has been reduced owing to the high
incidence of ‘augmentation’ associated with long-term
use of these drugs145–147 (Box 4). Augmentation remains
a major problem with long-term daily use of levodopa
in RLS, and affects 40–60% of patients after 8 years of
follow-up. Among the dopamine agonists, drugs with
the shortest half-life had the highest risk for augmentation, of up to 7% per year148. Rotigotine might have
a lower risk of augmentation (in up to 4% of patients),
although it remains controversial whether this is mainly
due to a masking effect of its long half-life. The main
strategy for preventing augmentation is to consider
non-dopaminergic medications, such as α2δ ligands, for
the initial treatment of RLS. Alternatively, daily doses of
dopaminergic drugs should be kept as low as possible
and never exceed maximum recommended doses149.
Besides the initial efficacy of dopamine agonists on
11
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sensory symptoms and PLM, the benefit of these medications on sleep might be less pronounced149. For patients
with primary RLS in whom clinicians want to treat very
severe RLS, high levels of PLMS, PLM and motor symptoms during the day, or comorbid psychiatric symptoms
(such as depressive symptoms) dopaminergic agonists
should be proposed first.
Levodopa was one of the first agents for RLS formally studied in clinical trials. Four class III studies that
demonstrated a benefit of levodopa on RLS severity
(level C evidence) have been reported139. Levodopa is
recommended only for intermittent use in some regions
for the treatment of RLS owing to the high risk of augmentation (Box 4) and a possible intra-night rebound
effect favoured by its short half-life150.
α2δ ligands. Gabapentin, pregabalin and gabapentin
enacarbil (a prodrug of gabapentin), also named the
α2δ ligands, were initially approved as anticonvulsants
and for neuropathic pain. However, these drugs also
have superior efficacy for improving RLS and night-
time sleep compared with placebo and pramipexole72.
A comparative study demonstrated that pregabalin was
superior to two doses of pramipexole for improving
RLS symptoms and sleep architecture over a 6-week
period, with no improvement in PLM72. The only long-
term comparative study compared pregabalin with two
doses of pramipexole, and found an improvement in
RLS symptoms over a 12-month treatment period with
pregabalin and pramipexole, with the rate of RLS augmentation lower for pregabalin than for pramipexole151.
Taken together, α2δ ligands are as effective over both the
short term and the long term as dopamine agonists in
the treatment of RLS dysesthesias, and α2δ ligands do
not cause augmentation72. The rate of discontinuation
owing to adverse effects (27% versus 24%) was similar
for α2δ ligands and dopamine agonists and comprised
Box 4 | Augmentation syndrome
Augmentation is defined as a worsening of symptom severity manifesting as earlier
onset of symptoms in the afternoon compared with before treatment initiation, a
spread of symptoms to the upper arms, a shortening of the latency until onset of
symptoms when at rest and an overall increase in symptom intensity. A paradoxical
worsening of symptoms induced by an increase of the dose of dopamine agonists is
another recognizable feature of augmentation.
Augmentation has been reported to occur with all dopaminergic drugs. The
prevalence of augmentation is controversial, as it varies according to the drug, dose,
half-life and duration of action, the duration and type of study, the criteria used to
evaluate augmentation and the number of subjects153. Nevertheless, augmentation
rates increase with the duration of studies; in short-term studies, rates of <10% have
been reported147,148,151,217,218, whereas rates are 30% in studies lasting 2–3 years, and
42–68% in studies lasting about 10 years75,196.
Augmentation may be difficult to differentiate from RLS. As augmentation is
progressive, it does not occur immediately after treatment initiation; however, the risk
of augmentation increases with the duration and dose of treatment. Collectively, these
features make it hard to prevent. The deterioration of RLS severity that occurs during
augmentation may reduce the response rate to future non-dopaminergic therapies
such as α2δ ligands152. The most recent guidelines aim to facilitate the identification of
augmentation in patients with RLS by recommending that augmentation is considered
in patients who have received stable treatment for ≥6 months and who request additional
medication153. Four screening questions, relating to symptom onset, intensity and
spread, and therapy dose and schedule, should be used routinely for this purpose in
patients currently under treatment with dopaminergic agents153.
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somnolence, gait disturbance, dizziness, fatigue, weight
gain and headache for α2δ ligands versus headache,
nausea, nasopharyngitis and fatigue for dopamine
agonists124. In addition, α2δ ligands may have a modest
anxiolytic and sedative effect and may also help to control chronic pain. Accordingly, α2δ ligands are the preferred therapy in those with severe insomnia, comorbid
pain, polyneuropathy, and generalized anxiety disorder
associated with RLS.
Of note, it has been suggested that dopaminergic
augmentation may reduce the response rate to future
non-dopaminergic drugs, such as α2δ ligands152. As
treatment with α2δ ligands seems to be safe and effective over the long term, the most recent guidelines for
RLS recommend starting initial treatment of RLS with
non-dopaminergic therapies, such as the α2δ ligands, in
most cases153.
Opioids. Opioids are considered a second-line or third-
line treatment for RLS, and should be used either when
symptoms are refractory to other treatments or owing
to adverse effects of other treatments, such as augmentation, or in the case of associated severe pain disorder
requiring drugs. Despite a consensus on the beneficial
effects of low-dose opioids on RLS symptoms, few well-
designed clinical trials have been carried out. Of note,
low-dose methadone and oxycodone have demonstrated
effectiveness for RLS75,154, and extended-release oxycodone in combination with naloxone has been approved
for refractory RLS in Europe155. Adverse effects include
sedation, constipation, depression, anxiety and altered
consciousness. Importantly, these drugs can also increase
the risk for opioid-induced respiratory depression and
substance use154. Opioids should be prescribed by a clinician who has received adequate training in treatment
with these drugs. Close monitoring of patients receiving
opioids is mandatory.

Quality of life
In addition to many non-RLS specific QOL instruments,
such as the SF-36, a RLS-specific questionnaire called the
RLS-Quality of Life Instrument (RLS-QLI) is often used
in clinical trials for RLS156. RLS has a remarkable contrast
between non-visible symptoms and a strong effect on
QOL. QOL scores in patients with RLS are influenced by
symptom severity and frequency, and affect all domains
of self-perceived health status157. Although patients with
minimal or mild RLS symptoms have QOL scores similar to those of individuals without RLS, patients with
RLS and severe symptoms report large decreases in the
‘role physical’, ‘bodily pain’, ‘vitality’ and ‘general health’
domains of the SF-36 (refs158,159) (Fig. 4).
A major cause of the severe effect of RLS on QOL is
the associated chronic sleep deprivation. Also, patients
with RLS and comorbid disease report additional worsening of QOL compared with patients without RLS.
Indeed, patients with chronic kidney disease undergoing
haemodialysis with RLS had a poorer QOL than patients
without RLS160, and another study demonstrated that the
treatment of RLS can improve their QOL157. In addition,
RLS significantly worsens QOL in patients with myasthenia gravis161 independently of disease duration and of
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Fig. 4 | Quality-of-life effects of RLS. Quality-of-life domains (evaluated using SF-36 scores) according to the severity
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treatment of myasthenia gravis. Patients with multiple
sclerosis and RLS also report poorer QOL, in addition to
greater fatigue and anxiety levels compared with patients
without comorbid RLS162, similarly to patients with
optic neuromyelitis163. Moreover, a lower QOL has been
reported in patients with RLS and comorbid coronary
artery disease164, cancer165, or neurodegenerative diseases
such as Parkinson disease166, and in whom a worsening
of psychiatric problems and of their emotional and cognitive states has been reported, with a consequent negative effect on their QOL. Recent studies reported that
severe RLS is a risk factor for suicide, suicidal thoughts
and self-harm3. RLS occurring during pregnancy can be
very severe, with a significant reduction of QOL owing
to pain, leading to limitations in daily activities and
decrease in performance167.
Risk of hypertension and cardiovascular disorders
Cross-sectional and longitudinal studies have demonstrated the comorbidity of RLS with obesity, hypercholesterolaemia, diabetes mellitus, obstructive
sleep apnoea, hypertension and other cardiovascular
diseases168–170. Although large epidemiological studies
have reported independent associations between RLS
and cardiovascular diseases or hypertension171, this
relationship is controversial172–176 and the underlying
mechanisms are unclear. Mechanisms may include
PLMS, sleep deprivation and iron deficiency; PLMS
are often associated with micro-arousals that may contribute to sleep fragmentation and repeated increases in
blood pressure and heart rate throughout the night177–180.
The association between PLMS and high blood pressure
in drug-free patients with RLS could increase the risk
of blunted blood-pressure day-to-night dip, nocturnal hypertension and cardiovascular disease morbidity and mortality181. Indeed, one study found 24-hour
blood-pressure deregulation with smaller declines in
systolic blood pressure at night compared with daytime
in patients with primary RLS182. In this study, hypertension was diagnosed in 11.9% of drug-free patients
with RLS based on office measurements, and in 46.4%
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based on 24-hour blood-pressure monitoring, with
night-time hypertension being twice as frequent as
daytime hypertension. The loss of night-time blood
pressure dip is one of the most sensitive predictors of
cardiovascular disease morbidity and mortality183. One
study assessed the effect of dopamine agonists on nocturnal blood-pressure elevations associated with PLMS,
and found a significant reduction in systolic and diastolic blood-pressure elevations in rotigotine-treated
patients compared with placebo184. Another monocentric double-blind placebo-controlled study showed that
rotigotine increased the percentage of blood-pressure
dipper profiles and the blood-pressure dip in patients
with RLS, without any change in endothelial function129.
Endothelial function alterations also predict cardiovascular disease morbidity but even controversial studies mostly reported normal endothelial function in
drug-free RLS185,186. One population-based study confirmed the increased incidence of cardiovascular disease
cases (myocardial infarction, angina, stroke, atrial fibrillation and heart failure) in RLS, with significantly lower
cardiovascular disease risk in the group with effective
treatment for RLS than in those without187.
Risk of impulsive control disorders
Impulse control disorders (defined as pathological
gambling, hypersexuality, compulsive shopping, eating
and medication use) occur in patients with RLS with a
prevalence of 5–17% in patients with RLS treated with
dopamine agonists140,188,189. Dopamine agonists used for
RLS treatment have high selective affinity for the D2R
and D3R subtypes, which are expressed predominantly
in the limbic areas of the brain, which are implicated in
impulse control disorders. Impulse control disorders,
impulsivity and substance addiction were infrequent
(4–8%) in drug-f ree patients with RLS or in those
treated with low doses of dopamine agonists189,190. By
contrast, the prevalence of impulse control disorders is
higher in patients with Parkinson disease, ranging from
2.6% to 34.8%, owing to different types and doses of
dopaminergic drugs191.
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Patients with RLS (either drug-f ree or using
dopamine agonists) have a preference towards risky
choices on the Iowa Gambling Task (which assesses
decision-making under ambiguity) and the Game of
Dice Task (which assesses decision-making under
risk); these risky choices are associated with negative
long-term consequences140,190. These results allow the
identification of individuals at risk of further development of impulse control disorders, which is a key finding
because of their potentially devastating financial, social
and marital consequences. Another study found that
patients with RLS with augmentation have an almost
sixfold increased risk of symptoms of impulse control
disorders192. These data imply that augmentation and
impulse control disorders may be related and may share
a common pathophysiology.

Outlook
Education about RLS diagnosis and management is
urgently needed to increase expertise of physicians of
various subspecialities, including general practitioner,
neurologists and sleep experts. It is equally important
to intensify the search into the cause or causes of RLS
and for new treatment strategies, to reduce suffering and
substantial societal cost.
Understanding pathophysiology
The identification of genetic risk factors is extremely valuable for driving research into the pathophysiology of
RLS. Thus, case–control genetic association studies with
increased sample size and detection scope, in addition to
whole-genome sequencing studies on well-characterized
families with RLS, are needed to complete our knowledge of the genetic architecture of RLS. Further detailed
functional studies are required to elucidate how sensorimotor circuits are involved in RLS, to detect the specific cell types affected and to identify the age at which
pathophysiology starts, particularly in the context of
change in MEIS1 activity. How the neurodevelopmental
aspects of RLS relate to brain iron metabolism and the
dopaminergic neurotransmission system also remains
to be determined. RLS may be a prime case example for
studying gene–environment interactions in model systems with a genetically susceptible brain structure that
is confronted with additional factors based on clinical
expertise, such as age, pregnancy, kidney dysfunction or
iron deficiency. A reliable animal model of RLS would
certainly help in achieving these goals. The identification of new clinical and polysomnographic phenotypes
of RLS and biological markers, as well as the clarification of
the relationship between RLS and PLMS, are further
ambitious research goals.
Although improving our understanding of the aetiology of RLS is important, identifying and establishing
personalized medicine for RLS will not be possible without further increasing our knowledge of the genetic basis
of RLS. Such findings will be key for the development
and application of genetic risk scores to stratify patients
for therapies or prevention schemes193,194.
Based on epidemiological associations between
RLS, PLM, and hypertension and cardiovascular disorders, further studies should elucidate the underlying
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mechanisms of these associations, focusing on sleep but
also on neural, metabolic, oxidative, inflammation and
vascular assessment. Moreover, future clinical-based
studies should also assess whether different treatments
for RLS are associated with a reduction in long-term
cardiovascular risk in RLS.
Novel therapeutic approaches
Lack of awareness and recognition of RLS among
health-care professionals and general practitioners is
the major cause of the inadequate care of patients with
RLS9. Thus, policies and initiatives aiming to increase
sleep education and related-disease recognition among
medical students and doctors are important.
Although most studies demonstrate an initial
improvement in symptoms, long-term studies and clinical experience reveal that treatment efficacy decreases
with time, with risk of augmentation with dopaminergic drugs leading to treatment discontinuation and
treatment failure. Thus the long-term consequences
of dopaminergic drugs, and particularly dopaminergic
augmentation195, has led to the search of alternatives to
these types of drug.
As previously mentioned, another type of drug
that has shown therapeutic efficacy in RLS are the
α2δ ligands. The mechanism of action of these agents
is likely to be mediated by a reduction in the overall
release of glutamate71. Thus, it is probable that other
anti-glutamatergic drugs could also be effective for RLS.
Indeed, one open-label study demonstrated an improvement in RLS symptoms, PLMS and sleep architecture
following 8 weeks of treatment with perampanel (an
AMPA receptor antagonist)76. Moreover, dipyridamole
(which inhibits adenosine reuptake and regulates glutamatergic corticospinal terminals)81,196 has also been
shown to improve RLS symptoms, PLMS and sleep,
demonstrated in an open-label study that has been replicated in a 2-week double-blind, placebo-controlled
crossover study84,85. Of note, the degree of improvement
of PLMS was similar to the one reported for dopamine
agonists and was greater than the one observed for α2δ
ligands197. In a single case, a beneficial effect of spinal
cord stimulation in RLS has been reported198–200, with
one study showing promising effects of transcutaneous
direct-current stimulation201. In addition, thalidomide
was reported to be effective on RLS symptoms and sleep
quality in an isolated patient with severe and resistant
RLS202; however, this approach needs confirmation in
larger studies. Genetic studies revealed associations with
loci containing CRBN (encoding cereblon, the protein
bound by thalidomide) and MEIS2 (encoding cereblon’s
endogenous substrate, whose degradation is inhibited
by the thalidomide–cereblon interaction)40. All these
promising results need to be replicated in well-designed
trials on a larger scale while looking carefully at the
risk-to-benefit ratio.
Finally, evidence-b ased recommendations for
long-term clinical management of RLS are needed.
Several drugs are available to treat RLS; however, combination treatments that are commonly prescribed
(low-dose dopaminergic drugs, α2δ ligands and opioids)
should be rated as potentially more effective with fewer
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safety concerns for long-term management of RLS. In
addition, treatment of RLS in specific comorbid conditions is almost the same as treatment of primary RLS,
although no (or only rare) studies have been conducted
in concurrent RLS disorders144. Further clinical trials
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