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Abstract
Purpose of Review To provide an overview of the molecular pathways and recent genetic risk loci associated with restless legs
syndrome/Willis-Ekbom disease (RLS/WED) and describe the most recent treatment guidelines.
Recent Findings Diagnostic criteria for RLS/WED now include a fifth criterion to differentiate from RLS/WED mimics. Our
understanding of disease pathophysiology has improved, specifically regarding iron regulation in the brain and the role of other
pathways such as opioid signaling and brain and spinal cord circuitry may play. Finally, several genetic risk loci have been
described, including MEIS1 which is currently considered to be the strongest genetic risk factor for RLS/WED. Treatment
guidelines now suggest α2δ ligands such as gabapentin enacarbil should be used as first-line treatment.
Summary The current literature focuses on disease pathways as well as the development of animal models based on genetic risk
factors for RLS/WED. Updated treatment guidelines expand on first-line treatment options.
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Introduction

Restless legs syndrome (RLS) is a common movement disor-
der of wake and sleep. This condition was first characterized
by Sir Thomas Willis, who described a patient with difficulty
sleeping due to limb discomfort. Karl Axel Ekbom coined the
term “restless legs syndrome” and described all the clinical
symptoms we now associate with RLS [1]. Throughout the
years, there has been some controversy as to the correct ter-
minology to use when referring to this disease. The term RLS
is widely recognized not only by the medical community but
also in popular media, which has unfortunately led to trivial-
ization of the disease. There is a growing movement to adopt
the term Willis-Ekbom disease (WED), which would

eliminate incorrect descriptors and acknowledge the historical
aspects of this disease. The International Restless Legs
Syndrome Study Group suggests the amalgamated form
(RLS/WED), which we will use in the current review.

In recent years, several studies have been published focus-
ing on the different pathways that influence this disease.
Genome-wide association studies and animal models have
also contributed to this understanding and better characteriza-
tion of susceptible population subsets. Herein, we review the
epidemiology and clinical characteristics of RLS/WED, recent
studies pertaining to RLS/WED pathophysiology, and provide
an overview of the current therapeutic choices, highlighting
recent and ongoing clinical trials.

Diagnostic Criteria

RLS/WED diagnosis is based on clinical assessment. The key
diagnostic feature is an irresistible urge to move the legs,
usually—but not always—in response to an unpleasant sensa-
tion. Unpleasant sensations without the urge to move are not
sufficient for diagnosis. This urge begins or worsens during
periods of inactivity and is at least partially relieved by move-
ment. It is important to note that individuals with severe RLS/
WED may not experience any symptom relief with movement
but typically had at least some relief in the past, when their
symptomsweremilder. Interestingly, it is the degree of alertness
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produced by movement, rather than the intensity of movement,
that seems to correlate with symptom reduction [2]. Finally, the
urge to move the legs, at least initially, only occurs or worsens
at night. In 1995, the International Restless Legs Study Group
(IRLSSG) first proposed a set of formal clinical criteria which
were revised in 2014, adding a fifth criterion to specify the need
to exclude RLS/WED mimics (Box 1) [3]. This consensus
group also introduced specifiers for the clinical course and clin-
ical significance of RLS/WED [2].

Box 1. International Restless Legs Syndrome Study
Group Consensus Criteria

(Allen RP, Picchietti DL, Garcia-Borreguero D, OndoWG,
Walters AS, Winkelman JW, et al. Restless legs syndrome/
Willis-Ekbom disease diagnostic criteria: Updated
International Restless Legs Syndrome Study Group
(IRLSSG) consensus criteria - history, rationale, description,
and significance. Sleep Med 2014;15:860–73, with permis-
sion from Elsevier)[2]

Ancillary testing plays a secondary role in the evaluation of
RLS/WED. Polysomnography is not clinically useful to eval-
uate for sensory symptoms that happen during wakefulness.
However, polysomnography can quantify periodic limb
movements of sleep (PLMS), which may serve as an indirect
index of RLS/WED severity. PLMS are characterized by ex-
tension of the toe with partial flexion of ankle, knee, and hip,
typically involving both legs. PLMS occur in about 90% of
patients with RLS/WED but are not part of the essential
criteria [4, 5] as they can occur with other medical conditions
or secondary to several drugs [6, 7]. Periodic limb movements
occurring during wakefulness have a higher sensitivity for
RLS/WED. These movements can be measured with the mul-
tiple suggested immobilization test (m-SIT). The m-SIT has
been validated to evaluate the severity of motor and subjective
symptoms of RLS/WED while the patient is awake [8].

Clinical severity rating scales have been validated and are
routinely used in clinical trials and studies. The International
RLS Study Group Rating Scale (IRLS) is currently considered
the gold standard for symptom assessment [9]. Nonetheless, it
relies on subjective assessment and patient recall and has a
strong response to placebo effect [10]. The Johns Hopkins
Restless Legs Severity Scale determines the severity of RLS/
WED according to time of day of symptom onset and has been
well validated. Given this is a three-point scale, usefulness is
limited for making fine distinctions in disease severity [11].
Finally, the recently validated Restless Legs Syndrome-6

Scale (RLS-6) is the only scale to specifically rate daytime
versus nighttime symptoms [12]. Overall, each scale provides
different aspects of RLS/WED severity and has important
limitations. A more global scale would be useful to provide
a better detailed scoring of disease severity and aid in treat-
ment decisions.

Epidemiological Data

In the adult general population, a prevalence between 5 and
15% has been reported, with most studies conducted in
Caucasian populations. Asia and South America have a lower
prevalence, with estimates of 1.6–2.0% [13–16]. Women over
age 35 years are twice as likely to have the disease compared
with men; this difference is not present in adults younger than
35 years [17]. The mean age of onset is during third to fourth
decade. RLS/WED has also been described in children, with a
prevalence of 2% [18]. Several conditions increase risk of
RLS/WED including iron deficiency anemia [19], migraine
[20], kidney disease—particularly those patients undergoing
hemodialysis [21]—and Parkinson’s disease patients receiv-
ing treatment with dopaminergic agents [22]. A recent study
showed that multimorbidity was a strong risk factor for RLS/
WED, indicating that cumulative disease burden is a stronger
risk factor for RLS/WED than the presence of any specific
single disease [23].

Patient must meet all of the following:

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
sitting.

3. The urge to move the legs and any accompanying unpleasant sensations are partially or totally relieved bymovement, 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 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 behavioral condition (e.g. myalgia,
venous stasis, leg edema, arthritis, leg cramps, positional discomfort, habitual foot tapping).

Clinical course of RLS/WED:

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

•Intermittent RLS/WED: symptoms when not treated would occur on average less than twice/week for the past year, with at least five lifetime events.
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Prevalence also increases during pregnancy to about 21%;
post-delivery, prevalence rapidly decreases to match that of
the general population [24•]. Iron deficiency and elevated es-
trogen and progesterone levels play an important role in driv-
ing this increase in prevalence. One of the main complications
of RLS/WED in pregnancy is decreased sleep quality, which
can lead to prolonged labor and a higher chance of having a
cesarean delivery [25]. RLS/WED also increases the risk of
pre-eclampsia and mood disorders [26, 27].

RLS/WED may be a risk factor for cardiovascular mortality.
Data from the Nurse’s Health Study showed a significantly
higher risk of cardiovascular mortality in women with RLS/
WED (adjusted HR 1.43, 95%CI 1.02–2.00). No association
was found with all-cause mortality [28]. There are currently no
data regarding the association between RLS/WED severity and
cardiovascular risk factors. A greater understanding of the path-
ways involved in RLS/WED may help explain this association.

Pathophysiology

Recent efforts have provided new insights into the pathophysiol-
ogy of RLS/WED. Involvement of abnormal iron metabolism,
multiple neurotransmitters, and the central opiate system have
been described (Fig. 1). More recently, neurophysiology studies
have described changes in different sensorimotor networks.
Finally, with the emergence of new genetic analysis techniques,
several genetic variants have been described to be associatedwith

an increased risk of RLS/WED, most of them involved with
neural development pathways and iron metabolism.

A growing body of evidence has linked peripheral and
brain iron deficiency (BID) and RLS/WED. For a review of
peripheral and brain iron metabolism, see [29]. People with
iron deficiency anemia are at 5–6 times increased risk of RLS/
WED than the general population [19]. Among those with
iron deficiency anemia, peripheral iron and hemoglobin levels
are similar between those with and without RLS/WED, indi-
cating the presence of some—possibly genetic—predisposing
factors [19]. Yet, many people with RLS/WED have normal
serum ferritin [30–32]. Furthermore, cerebrospinal fluid
(CSF) and serum ferritin levels are not strongly correlated,
though ferritin levels < 50 ng/mL appear to produce very
low CSF ferritin. Because BID—even in the absence of pe-
ripheral iron deficiency—ultimately confers the risk of RLS/
WED, elucidating the mechanisms of BID with or without
peripheral iron deficiency, including iron transport to the brain
and brain iron storage and mobilization, will be critical to
understanding RLS/WED.

Multiple lines of evidence support BID in RLS/WED.
Imaging studies have shown decreased iron concentration in
the substantia nigra, red nucleus, thalamus, and striatum [33].
People with RLS/WED have lower CSF ferritin and higher
CSF transferrin levels, consistent with an iron-deficient pro-
file, and CSF ferritin levels correlate with the age of onset of
RLS/WED [34, 35]. Brain iron mobilization may also be
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affected. Hepcidin, a protein that regulates iron mobilization
in response to iron demand [36, 37], may be decreased in CSF
of RLS/WED patients [38••]. Although autopsy studies have
shown increased iron levels in CSF, this is not the case for
choroid plexus cells or brain parenchyma [39]. These data
suggest that brain iron deficiency is due to a problem with
brain iron acquisition, mobilization, or storage. In support of
this, studies have shown decreased in H-ferritin in substantia
nigra, choroid plexus, and microvasculature. H-ferritin, which
is highly expressed in neurons, is involved in iron transport;
decreases in H-ferritin suggest decreased iron availability to
neurons [35].

A formal model of iron transport in the brain needs to be
validated. According to the current model, iron enters the
brain through microvascular endothelial cells (BMVECs) in
the blood-brain barrier or through the choroid plexus and
blood-CSF barrier [29]. BMVECs express transferrin receptor
1 (TfR1), which facilitates iron uptake through endocytosis.
Iron is reduced to the ferrous state in endosomes and exported
to the cytoplasm, possibly via divalent metal-ion transporter 1
(DMT1). Ferrous iron is then transported to interstitial fluid
via ferroportin (FPN1) where it may be oxidized by cerulo-
plasmin and hephaestin. Iron is also transported to the CSF
through the choroid plexus via holo-transferrin and ferroportin
mechanisms and circulates with iron in the interstitial fluid.
Ferrous iron is taken up by astrocytes, oligodendrocytes, and
neurons by DMT1. Ferric iron complexes with apo-transferrin
circulate in the brain, and ultimately enter neurons through a
holo-transferrin-TfR1-dependent mechanism. Astrocyte-
secreted hepcidin and ceruloplasmin regulate this process
through a feedback mechanism according to the iron status
of different neural cells, and this mechanism may be disrupted
in patients with RLS/WED [40–42].

There is also an interplay between hypoxia pathways and
iron metabolism. Iron deficiency activates hypoxemia-
inducible factor pathway, which then increases cellular iron,
mitochondrial iron, and an increase in mitochondria; cytosolic
iron is then diverted to mitochondria, leading to cytosolic iron
deficiency [43].

Dopamine dysfunction also plays a critical role in the path-
ophysiology of RLS/WED. Clinically, RLS/WED appears to
involve a decreased dopaminergic signal; dopamine receptor
agonists improve symptoms, and dopamine receptor antago-
nists worsen symptoms. Additionally, iron is a cofactor for
tyrosine hydroxylase, the rate-limiting enzyme in dopamine
synthesis. However, the phenotypic manifestations actually
reflect decreased post-synaptic dopamine signaling. In fact,
e v i d en c e po i n t s t o a p r e v a i l i n g p r e - s yn ap t i c
hyperdopaminergic state in RLS/WED [44–47]. Prior studies
have shown increased tyrosine hydroxylase activity and do-
pamine synthesis [44, 46], decreased dopamine transporter
activity, and decreased dopamine reuptake. It is still unclear
which of these changes are the primary or secondary

pathologies or compensatory changes [35]. These concepts
have been expanded to include the circadian dynamics of do-
pamine regulation. The model proposes that dopamine signal-
ing and dopamine receptor regulation reach a nadir at night
and a peak in the morning. These functions drop below a
clinical threshold at night, leading to the nighttime worsening
of RLS/WED symptoms [35]. The circadian aspect of dopa-
minergic activity may explain why dopaminergic agents are
effect ive treatment opt ions in the presence of a
hyperdopaminergic state. Post-synaptic downregulation of
D2 receptors due to a hyperdopaminergic state results in low
dopaminergic signaling when dopamine levels are low in the
evening, leading to a relative nighttime dopamine activity def-
icit [48].

Neurophysiologic studies suggest a state of increased ex-
citability in cortical neurons, particularly in the motor cortex,
and reduced inhibition in spinal cord pathways. A recent re-
view of transcranial magnetic stimulation in RLS/WED
highlighted a reduction in short-interval intracortical inhibi-
tion as the most consistent finding between studies. These
abnormalities show a circadian distribution and can be re-
versed by dopamine agonist treatment [49]. Several studies
also highlight supra-spinal GABA-mediated disinhibition
[49, 50] and one study showed spinal cord hyperexcitability
[51] in RLS/WED. Furthermore, electroencephalographic
spectral analysis of waking-rest conditions indicates a state
of hyperarousal [52]. Together, these studies suggest abnor-
malities in the brain and spinal cord circuitry that may explain
PLMS, some symptoms, and hyperarousal in RLS/WED.

Recent data have identified other mechanisms that may tie
together brain iron deficiency and dopamine signal dysfunc-
tion. Several sources of evidence have implicated glutamater-
gic signaling in RLS/WED. For example, antagonism of N-
methyl-D-aspartate (NMDA) receptors by ketamine and meth-
adone improve RLS/WED symptoms [53••]. Furthermore, li-
gands for α2δ subunits—located on glutamatergic
terminals—inhibit pre-synaptic glutamatergic transmission
are also effective treatments for RLS/WED symptoms
[53••]. BID alters glutamatergic transmission and leads to
cortico-striatal terminal hypersensitivity. This effect is blocked
by dopamine receptor agonists and α2δ ligands, suggesting
the glutamatergic dysfunction occurs upstream of dopamine
dysfunction; however, it is unclear if it causes the
hyperdopaminergic state [54].

Alterations of adenosine signaling may also be involved.
A1 receptors are involved in sleep homeostasis and inhibit
the ascending arousal system. A1 and A2A receptors connect
with D1 and D2 receptors, respectively. These complexes—
which are highly expressed in the striatum—allow for inhibi-
tory modulation of dopamine signaling such that low adeno-
sine activity increases dopaminergic activity [55]. Moreover,
A1 receptors inhibit pre-synaptic glutamate activity. A1 and
A2A receptors complex in the cortico-striatal terminals and
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modulate glutamate release. Low concentrations of adenosine
activate A1 receptors to inhibit glutamate release; high concen-
trations of adenosine activate A2A receptors to increase gluta-
mate release [56]. BID decreases A1 receptors—more so than
A2A receptors—resulting in a hypoadenosinergic state [56].
By this mechanism, it is possible that this hypoadenosinergic
s ta te , potent ia l ly caused by BID, leads to both
hyperdopaminergic and hyperglutamatergic states, with in-
creased glutamate activity worsening the hyperdopaminergic
state [53••]. The hypoadenosinergic and hyperglutamatergic
states may explain the hyperarousal seen in RLS/WED, and
the hyperglutamatergic and hyperdopaminergic states may ex-
plain the neurophysiologic changes in cortico-striatal-thalamic
circuitry, PLMS, and RLS/WED symptoms [53••].

Opioid receptors are also implicated in the pathogenesis of
RLS/WED [57]. Opioid withdrawal can provoke RLS [58],
and opioid medications can improve RLS/WED symptoms.
Post-mortem studies revealed a deficiency ofβ-endorphin and
met-enkephalin in the thalamus—but not the substantia
nigra—in patients with RLS/WED symptoms [59]. These data
suggest that endogenous opioids are decreased in sensory but
not in motor pathways in these patients. Endogenous opioid
deficiency may lead to abnormal processing of noxious stim-
uli, resulting in the characteristic “urge to move” in RLS/
WED.

Opioids also interact with the dopaminergic system. The
beneficial effect of opioids appears to be mediated through
the dopamine pathway. The symptom improvement with opi-
oid medication is blocked by both dopamine antagonists and
the opioid antagonist naloxone, whereas the effect of dopa-
minergic medication is not affected by naloxone [59].
Furthermore, previous studies have suggested dopamine in-
hibits opiates, and dopamine antagonists increase opiate pep-
tides [60]. In this way, the hyperdopaminergic state in RLS/
WED may lead to a decrease in endogenous opiates.
Conversely, endogenous opiate activity may inhibit dopamine
release [61, 62], suggesting the presence of a bidirectional
inhibitory mechanism. Therefore, it is possible that the devel-
opment of a hyperdopaminergic state due to BID inhibits
endogenous opiate activity, leading to further dopamine re-
lease. The relationship between iron and the opiate-dopamine
interaction is unclear. While some studies suggest that iron
deficiency increases opiate production [60], others show de-
creased opiates in RLS/WED [59]. Further studies of the
interaction between opioid, dopaminergic, and iron pathways
are needed to fully understand their roles in RLS/WED
pathophysiology.

Genetics

RLS/WED is a genetically complex disorder. Prior studies
have shown more than 60% of individuals with RLS/
WED have a family history [63]. Although several

studies, including twin studies, have indicated a genetic
component [64, 65], segregation studies have been incon-
clusive [66]. Epigenetic factors also play a role and could
explain the presence of non-Mendelian features and
phenocopies in families with RLS/WED [67]. At least
eight major susceptibility loci have been identified
through linkage studies, most with an autosomal dominant
inheritance pattern [68•]. A recent GWAS meta-analysis
confirmed three previously identified risk loci—MEIS1,
PTPRD, and TOX3—and three new loci—SEMA6D,
SETBP1, and MYT1 [69•]. A prior GWAS study also de-
scribes risk loci in BTBD9 and MAP2K5/SKOR1. These
genomic regions of interest account for < 10% of herita-
bility [70]. We will highlight two loci of particular inter-
est: MEIS1 and BTBD9.

MEIS1 is involved in the development of the central
nervous system and appears to have an important role in
brain iron metabolism. A recent meta-analysis confirmed
this was the strongest genetic risk factor for RLS/WED
[69•]. The most common variant associated with RLS/
WED has been associated with reduced expression of
MEIS1 in the embryonic ganglionic eminences, which
lead to the development of basal ganglia. A recent review
presented unpublished data describing evidence of elevat-
ed MEIS1 protein in the brain microvasculature in pa-
tients with RLS/WED. Furthermore, MEIS1 expression
increases with iron deficiency and decreases with iron
loading, suggesting a role of MEIS1 in brain iron metab-
olism [38••]. RLS/WED autopsy cases show MEIS1 vari-
ants were associated with an increase in H-ferritin and
DMT1 RNA expression in the thalamus, predisposing to
the lower iron condition [71]. Blocking MEIS1 expression
has been associated with an increase in ferroportin mRNA
and transferrin-2 receptor mRNA [72].

BTB/POZ domain-containing protein 9 (BTBD9) func-
tion is incompletely understood. A pathogenic polymor-
phism in BTBD9 was correlated with decreased iron levels
[73]. An experimental mouse model of RLS/WED
showed BTBD9 knockout had elevated serum iron levels
and an increase in 5-hydroxyindoleacetic acid, a metabo-
lite of serotonin, in the striatum. These mice had altered
the sensory perception that improved with ropinirole [74].
Drosophila models show a decrease in brain dopamine of
50% and altered sleep consolidation patterns that im-
proved wi th t rea tment wi th pramipexole [75] .
Furthermore, inhibition of MEIS1 production increases
BTBD9 expression [72].

Most variants of interest are associated with neural de-
velopment and iron pathways. Functional studies to eluci-
date the specific molecular mechanisms and connections
to other pathways involved in RLS/WED need to be car-
ried out. Large-scale whole-genome sequencing studies
will help determine the contribution of rare and structural

Curr Neurol Neurosci Rep (2019) 19: 54 Page 5 of 12 54



variants which might explain another part of the heritabil-
ity of RLS/WED.

Treatment

Treatment is usually started when symptoms interfere with a
patient’s quality of life. Mild or infrequent symptoms may not
require treatment. The Movement Disorders Society Task
Force published a new set of guidelines in 2016 [76••]. The
greatest change to the prior practice guidelines was the en-
couragement to use α2δ ligands as first-line treatment rather
than dopamine receptor agonists. Current guidelines recom-
mend starting with monotherapy; combination therapy has
been anecdotally effective but randomized clinical trial data
are lacking. A summary of pharmacologic treatments is pre-
sented in Table 1. Some non-pharmacological treatments have
also been reported to be beneficial [76••].

α2δ Ligands

Gabapentin Gabapentin is used off-label and is effective for
the treatment of RLS/WED. Four older studies of gabapentin
at doses of 800 mg daily to 1855 mg daily (divided into 2
doses) demonstrated its efficacy over 12 weeks, particularly
in patients undergoing hemodialysis [76••]. One crossover
study showed a significant decrease in RLS Rating Scale after
6 weeks of treatment compared with placebo (mean ± SE, 9.5
± 1.35 vs 17.9 ± 1.35; p < 0.0005) [77]. Side effects are dose-
dependent. Gabapentin may be beneficial as adjunctive med-
ication, but this has not been formally investigated.
Gabapentin can be particularly useful in patients with pain
as a primary RLS/WED symptom. A prior study showed
gabapentin significantly improved RLS/WED symptoms in
hemodialysis patients compared with levodopa [78].
Because gabapentin is renally excreted, lower doses should
be used in patients undergoing hemodialysis.

Table 1 RLS/WED therapeutic options

Drug Dose range (mg/day) Common side effects FDA/EMA approved

α2δ ligands

Gabapentin enacarbil 1200 Dizziness Approved
Somnolence

Pregabalin 150–450 Dizziness Not approved
Somnolence

Fatigue

Gabapentin 800 Peripheral edema Not approved
200 (hemodialysis) Dizziness

Somnolence

Dopaminergic agents

Ropinirole 0.78–4.6 Augmentation Approved
Impulse control disorder

Rotigotine 2–3 Local site reactions Approved
Augmentation

Impulse control disorder

Pramipexole 0.25–0.75 Augmentation Approved
Impulse control disorder

Cabergoline 2–3 Contraindicated with history of cardiac, pulmonary, or
retroperitoneal fibrosis

Approved

Contraindicated with cardiac valve abnormalities

Augmentation

Levodopa/carbidopa 100/25–600/150 Augmentation Not approved

Iron supplementation

Oral iron preparations 325–650 Gastrointestinal discomfort Not approved
Constipation

Nausea

IV ferric carboxymaltose 500–1000 Iron overload Not approved

IV iron sucrose 1000 Iron overload Not approved

Opioids

Oxycodone/naloxone 5/2.5–40/20 Potential for addiction Approved by EMA
Sleep-related respiratory problems

EMA, European Medicines Agency; FDA, Food and Drug Administration
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Gabapentin Enacarbil Gabapentin enacarbil (GEn) is an ac-
tively transported, extended-release prodrug of gabapentin.
One of its main advantages over gabapentin is its low inter-
patient variability and well-sustained plasma levels [79]. GEn
is the only calcium channel ligand approved by the FDA for
the treatment of RLS/WED. Three randomized, double-blind,
placebo-controlled studies which included adults with
moderate-to-severe RLS/WED showed improvement in
symptoms [80–82] and IRLS total score [83]. However, re-
sponse to GEn may be reduced when used after long-term
dopaminergic treatment. Compared with patients taking GEn
who were taking dopamine agonists (DA) for the past 5 years,
DA-naïve patients receiving GEn had a significantly greater
improvement in IRLS total score, Clinical Global Index-
severity scale, and the m-SIT [84•].

GEn also improves clinical symptoms and sleep in patients
with RLS/WED. A pooled modified intent-to-treat population
of adults with RLS/WED showed that GEn at both 600 mg
and 1200mg once daily over 12 weeks significantly improved
all IRLS items, including sleep disturbance, daytime tiredness,
and RLS/WED severity as well as the impact on daily affairs
and mood disturbance [85].

Pregabalin Pregabalin also binds to α2δ subunit in voltage-
gated calcium channels. It is similar to gabapentin but is more
rapidly and readily absorbed and has a higher binding affinity
for the α2δ subunit [86]. Furthermore, pregabalin is consid-
ered a controlled substance because it is considered to have
potential for abuse and physiological dependence [87]. Three
older randomized controlled trials reported that pregabalin at
doses between 150 and 450 mg per day was effective for RLS/
WED symptoms over a period ranging from 6 to 52 weeks
[76••]. More recently, a randomized, double-blind, placebo-
controlled, crossover trial showed that pregabalin was non-
inferior to pramipexole for the overall management of RLS/
WED symptoms. Additionally, pregabalin increased slow-
wave sleep and decreased the number of awakenings [88].
Allen et al. showed greater improvement in the Clinical
Global Impression at 12 and 52 weeks with pregabalin
300 mg daily compared with pramipexole 0.25 mg but not
0.5 mg daily. Augmentation was less frequent with pregabalin
(2.1%) than pramipexole 0.5 mg (7.7%) but not 0.25 mg daily
(5.3%). Another salient aspect was that pregabalin was asso-
ciated with an increased rate of dizziness, somnolence, weight
gain, and suicidal ideation [89]. Safety and efficacy of
pregabalin beyond 52 weeks have not been studied.

Dopaminergic Agents Levodopa efficacy for RLS/WED treat-
ment was first described in 1982. Levodopa is considered
efficacious but conveys a high risk of augmentation [76••].
Since then, several dopaminergic agonists have been ap-
proved for RLS/WED treatment. Pramipexole has been
shown to be effective up to 56 weeks, with doses as low as

0.25 mg [76••, 90]. Ropinirole is also considered efficacious,
with most studies following patients for up to 12 months.
Several new studies have demonstrated the efficacy of
rotigotine transdermal patch for the management of moderate
to severe RLS [91, 92]. All patients on dopamine agonists
should be monitored for augmentation and impulse control
disorders [93].

One of the main complications of dopaminergic treatment
is augmentation. This phenomenon is characterized by an in-
crease in symptoms intensity, sometimes even more than be-
fore starting treatment, symptoms occurring earlier in the day,
and symptoms spread to other body regions. One should sus-
pect augmentation in a patient whose symptoms have been
stable and suddenly requires frequent increases in medication
dose. It is important to differentiate augmentation from other
causes of acute worsening of RLS/WED, such as new medi-
cations (antihistamine, dopamine receptor antagonist, antide-
pressants), sleep deprivation, and new or worsening iron defi-
ciency [94].

Augmentation has been observed with all doses of levodo-
pa, developing in 73% of patients. Pramipexole has the
highest rate among dopamine agonists, with a risk of 7% per
year [90], whereas the incidence with ropinirole is 4% at
26 weeks [95]. Rotigotine seems to have a decreased inci-
dence compared with oral dopaminergic agonists which might
be due to masking of symptoms in the setting of continued
exposure over 24 h [96].

Although the mechanism of augmentation is not complete-
ly understood, downregulation of inhibitory D3 receptors and
upregulation of excitatory D1 receptors seem to be involved.
High dopamine concentrations target excitatory (D1) recep-
tors and can maintain locomotor-like activity in the isolated
spinal cord, which may trigger augmentation. Long-term
treatment with D3 receptor agonists also leads to upregulation
of excitatory D1 receptors in the spinal cord [97].

Management of augmentation depends on symptom sever-
ity. If symptoms are mild, earlier dosing or transition to a
longer acting dopamine agonist should be considered. With
moderate to severe symptoms, the dopamine agonist should
be tapered or stopped. Cross-titration with another class of
medication may also be used to manage symptoms [94]. In
cases which it is unclear if worsening of symptoms is due to
augmentation, tapering or stopping the dopaminergic therapy
to re-establish a baseline symptom severity may be helpful;
however, benefits of this approach should be weighed against
the severity of symptom burden to the patient.

Benzodiazepines

Benzodiazepines, particularly clonazepam, have anecdotally
been used for the treatment of RLS/WED. A systematic re-
view by the American Academy of Sleep Medicine states
benzodiazepines can be used as co-adjuvant therapy [98].
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Benzodiazepines may reduce PLMS and arousals [99]. There
are no randomized placebo-controlled clinical trials that assess
the effectiveness of benzodiazepines for RLS/WED [100].
One randomized open-label trial showed that clonazepam,
compared with nortriptyline, improved quality of life from
RLS/WED in middle-aged women [101]. There are additional
risks of dependence and tolerance, sedation, drowsiness, and
falling.

Opioids

Opioids have long been recognized as effective for symptoms
of RLS/WED. However, due to the increased concern about
overuse and addiction, their use can be controversial. As a
result, opioid therapy or opioid use is favored only for severe,
treatment-resistant RLS/WED and in patients who experience
augmentation. Respiratory depression is a major concern, par-
ticularly in those with pre-existing respiratory compromise.
Patients should also be closely monitored for signs of
dependence.

A recent study showed oxycodone-naloxone up-titrated to
40/20 mg twice daily was efficacious in treatment-resistant
RLS/WED. Oxycodone on its own is also likely efficacious
in those with daily symptoms, although no recent studies have
been conducted [102, 103]. Methadone is a long-acting μ-
opioid receptor agonist and NMDA antagonist, and its bene-
ficial effects may work through both mechanisms. Two open-
label studies showed that methadone was effective for refrac-
tory RLS/WED, without evidence of augmentation.
Additionally, methadone has decreased abuse potential com-
pared with other narcotics [104]. Given how effective opioids
can be in RLS/WED, further studies are needed to examine
their utility and appropriate use.

Iron Supplementation

Iron deficiency needs to be identified since iron supplementa-
tion may improve or eliminate symptoms. A recent meta-
analysis concluded both intravenous and oral supplementation
to be beneficial and associated with improvement in the IRLS
scale [105]. Oral iron supplementation may be beneficial in
patients with serum ferritin ≤ 75 μg/L and should be given
with ascorbic acid (vitamin C) to enhance absorption [106].
Oral iron uptake may be decreased if serum ferritin is not low
enough, in which case intravenous supplementation should be
considered. Of the available formulations, iron dextran, ferric
carboxymaltose, and iron isomaltoside are more readily
transported to the brain [38••]. Ferric carboxymaltose is the
only formulation to have sufficient evidence to support its
efficacy and safety in moderate to severe RLS/WED, particu-
larly patients with serum ferritin levels < 300 μg/L or trans-
ferrin saturation < 45% [106]. Anaphylaxis is a rare but life-
threatening risk with intravenous iron dextran, particularly

high-molecular weight dextran. Adverse events are more
common with oral iron, consisting mainly of mild gastrointes-
tinal events.

Others

Vitamins C and E are likely beneficial in uremic patients and
do not require any special monitoring. The exact mechanism
of action and long-term efficacy has not been established
[107]. Magnesium is considered investigational in RLS/
WED. One case series reports symptom improvement in 7
patients with RLS/WED and PLMS; no randomized-
controlled trials have replicated this finding [108].

Non-pharmacologic Treatment

One randomized, sham-controlled trial has found pneumatic
compression devices (PCDs) improve disease severity, quality
life scores, and measures of fatigue; however, outcomes were
based on patient self-report without any objective measure-
ments. Additionally, PCDs require the patient to remain im-
mobile for 1 h daily, which might be impractical for some
patients [109].

There are two completed trials for devices that may be
useful in RLS/WED, though the results have not yet been
posted. The Scrambler device provides electrical stimulation
to retrain peripheral sensation [110]. The RESTIFFIC™ de-
vice provides pressure on specific foot muscles and is being
compared with ropinirole and placebo [111].

Single studies have reported symptom improvement with
caffeine, alcohol, massage, hot baths, yoga, nerve stimulation
or spinal current stimulation [51, 112–114].

Conclusion

Restless legs syndrome/Willis-Ekbom disease is a common
neurological disorder with a specific set of clinical diagnostic
criteria. We currently have a better understanding of the path-
ways involved in the pathophysiology of RLS/WED, but there
are still several details that remain to be elucidated. Further
description and validation of a regulated iron transport and
storage model are necessary. An integral model involving
iron, dopamine, glutamate, adenosine, and opiate pathways
still needs to be fully understood. Genetic studies suggest that
other monoamines, particularly serotonin, may be involved
and warrant further analysis. Although many of the identified
genes appear to be involved in neural development, their spe-
cific functions and their role in RLS/WED pathophysiology
remain to be discovered. A better understanding of the patho-
physiology will ultimately assist in the detection and develop-
ment of new treatments that will specifically target the disease.
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Several treatments are available for RLS/WED. Recently,
α2δ ligands have been suggested as first-line treatment.
Dopamine agonists are also effective but carry the risk of
augmentation and compulsive behaviors. Although benzodi-
azepines and opioids are useful, more studies are needed to
guide their utility. There is also a greater need to identify and
develop effective non-pharmacologic strategies to treat RLS/
WED.
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