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ment for this disease, but we now know that these drugs 
can lead to augmentation of symptoms for many patients. 
Physicians need to be aware of the risks of treating RLS/
WED patients with different drugs, and this is reflected 
in the most recent evidence based and expert consensus 
guidelines discussed below.

Epidemiology of RLS/WED
RLS/WED is a common condition, with considerable clini-
cal variability. More than 50 population based prevalence 
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Introduction
Restless legs syndrome (RLS), also known as Willis-
Ekbom disease (WED), was until recently a neglected 
condition. Only in the past few decades has research pro-
vided an insight into this common neurological disorder, 
which affects sleep and health.1‑3 It is characterised by 
strong feelings of restlessness and distressing paraesthe-
sia-like sensations in the lower legs, particularly when 
at rest. Conversely, symptoms usually improve or resolve 
when the patient starts physical activity. The symptoms 
follow a circadian pattern and are worse in the evening. 
RLS/WED has been shown to be a major burden on those 
who have it. Reductions in health related quality of life 
scores are similar to or worse than those in patients with 
osteoarthritis, congestive heart failure, depression, or 
stroke.2‑13

Improvements in the description of symptoms and in 
the understanding of the genetic background and patho-
physiology of RLS/WED and the discovery of a distinctive 
response to specific therapeutic agents have contributed 
to building a body of knowledge such that today RLS/
WED is accepted in the medical community as a real 
nosological entity.14

This review assesses the latest evidence on the diagno-
sis, pathophysiology, and treatment of RLS/WED. Until 
recently, dopaminergic agents were the first line treat-
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WED—Willis-Ekbom disease
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requires the collection of blood and DNA samples in large 
population based studies whenever possible. This allows 
for comparison of allele frequencies across populations 
and identification of genetic susceptibility factors that 
increase the probability of disease development. New 
imaging techniques, especially functional magnetic reso-
nance imaging (MRI) methods, represent promising tools 
in the near future.

Prospective cohort studies are needed to assess RLS/
WED in addition to other conditions, collecting family 
and medical history, images, biomaterials, risk factors, 
and diagnostic investigations repeatedly over time to ana-
lyse genetic susceptibility, potential biological pathways, 
functional and structural brain changes, comorbidity pat-
terns, and patient reported outcomes in a broad number 
of phenotypes.

Sources and selection criteria
We did a literature search using the PubMed database 
from its inception to 1 November 2016 and used the 
broad search term “restless legs syndrome”. We included 
systematic reviews, meta-analyses, and also original 
studies published in English. We included original 
studies if they had a duration of at least six months. We 
categorised studies according to the level of evidence 
(class I- IV) that they provided and according to the cat-
egorisation system used by the International RLS Study 
Group (IRLSSG) in its recent guidelines.31 Accordingly, 
the highest evidence (class I) is provided by studies with 
concealed randomisation, clearly defined primary end-
points and inclusion and exclusion criteria, dropouts 
accounted for and sufficiently low to minimise bias, 
and equivalent baseline characteristics among groups 
or appropriate statistical adjustment to account for any 
differences. A class II study was one that matched all but 
one of the criteria for a class I study. We considered effec-
tive any drug for which convincing evidence existed from 
at least one class I or two class II studies; we considered 
an intervention to be probably effective if one class II 
study supported its efficacy.

Clinical definition of RLS-WED
According to an international expert consensus, the diag-
nosis of RLS/WED is made on the basis of the presence of 
clinical symptoms.14 32 RLS/WED is mainly characterised 
by neurosensory symptoms, which are strong feelings of 
restlessness and distressing paraesthesia-like sensations 
in the lower legs.33 34 RLS/WED typically manifests when 
the patient is at rest, and a state of relaxation or comfort 
is associated with a greater likelihood of symptoms occur-
ring. Conversely, symptoms usually improve or resolve 
when the patient begins physical activity; as symptoms 
arise, patients will experience an intense urge to move 
in order to relieve the discomfort felt.35 In addition, the 
symptoms follow a circadian pattern and are worse in 
the evening.36 RLS/WED has variable expression influ-
enced by genetic, environmental, and medical factors. 
The symptoms vary considerably in frequency from less 
than once a month or year to daily; severity ranges from 
mildly annoying to disabling, and symptoms may also 
remit for differing periods of time.14

studies have shown that RLS/WED affects 5-10% of 
European and North American adults, with 2-3% expe-
riencing moderate to severe symptoms.4 15 Women are 
affected about twice as often as men. The mean age of 
onset is during the third or fourth decade, but paediatric 
cases are not rare with overall paediatric prevalences of 
2-4%.16 17

Race/ethnicity, sex, and age
Few studies have examined the prevalence RLS/WED 
by race/ethnicity within the same population, and non-
comparison reports have suggested that the proportion 
of people with RLS/WED, especially those experiencing 
symptoms at least once a month, is higher among white 
people than in other populations.12‑22 In adults over the 
age of 35, RLS/WED occurs about twice as often in women 
as in men.3 23 However, virtually no sex difference is seen 
for adults under 35 years old. RLS/WED can begin at any 
time from childhood to virtually any age.24 25 The later 
in life RLS/WED starts, the more rapid the onset and the 
greater the likelihood that it is associated with another 
medical condition such as neuropathy, iron deficiency, 
or renal disease.

Incidence
Few studies have assessed the incidence of RLS/WED.22 26 
They suggest that new cases are common, occurring in 
0.8-2.2% of the general population annually; how-
ever, remission is also common.22 26 A study from Japan 
showed that frequency, but not severity, of RLS/WED 
symptoms may predict the persistence of the condition 
over time.27

Main challenges in epidemiology
Although most studies performed over the past 10 
years have used the same diagnostic criteria,28 these 
have been used in a heterogeneous way. Therefore, no 
standardisation exists for how the essential diagnostic 
criteria are phrased, including a lack of translations into 
frequently spoken languages and consideration of cultur-
ally adapted versions. This might have contributed to the 
large variation in the prevalence of RLS/WED that has 
been reported in different countries and even within the 
same country.29

Most published studies in the past 15 years have 
been cross sectional. This type of study is adequate for 
reporting the prevalence in general or specific popula-
tions, but it is not well suited to risk factor analysis. It 
does not enable a clear time sequence to be established 
between the onset of a given risk factor and the onset of 
RLS/WED, as both are assessed at the same point in time. 
More cohort studies in the field of RLS/WED epidemiol-
ogy are needed to allow repetitive assessment of the same 
population over time, thereby providing better analysis 
of risk factors.30

Furthermore, epidemiological research needs to con-
verge with other aspects of RLS/WED research such as 
genetics, brain imaging, and pathophysiology; new find-
ings and technical developments need to be integrated 
into epidemiological research. The identification of an 
increasing number of genetic loci related to RLS/WED 
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in about 80-89% of RLS/WED patients seen in a clinic set-
ting, and PLMs during wakefulness occur at a similar fre-
quency.44‑46 Contrary to initial expectations, PLMS are not 
the cause of sleep disturbance in RLS/WED—rather, they 
may reflect some RLS/WED biology partially independ-
ent of this. They occur with significant transient changes 
in electroencephalograms,47‑49 heart rate,50‑53 and blood 
pressure,53‑56 which may reflect an underlying process 
that produces an increased risk of cardiovascular disease, 
which has been observed in RLS/WED patients in several 
but not all studies.53‑60

PLMS, although fairly specific to RLS/WED, are not 
very sensitive,44 as they occur in several other medical 
conditions,61‑65 and with many drugs,66 67 and are com-
mon among adults over the age of 45.61‑70 PLMS support 
a diagnosis of RLS/WED when present to a degree greater 
than expected for the patient’s age in the absence of evi-
dence for other disease states or drugs that could induce 
or aggravate PLMS.

In contrast, PLMs during relaxed wakefulness, as meas-
ured for example by the suggested immobilisation test 
(SIT), have high sensitivity and specificity for RLS/WED, 
particularly if evaluated multiple times and combined 
with subjective leg discomfort scores in the multiple sug-
gested immobilisation test.42 71 Measuring PLMs during 
wakefulness with the SIT is also a valid and reliable way 
to evaluate severity and treatment response of RLS/WED.35

Dopaminergic treatment response
Most RLS/WED patients show at least some initial clini-
cal benefit from dopaminergic drugs, such as levodopa 
and dopamine agonists. Large clinical trials with diverse 
patient populations show a good clinical response to dopa-
mine agonist treatment in about 60-75% of participants.72 
Thus, in general clinical practice, a failure to respond to 
dopaminergic treatment should raise some concern about 
the accuracy of diagnosis but does not necessarily exclude 
a diagnosis of RLS/WED. However, as non-response to 
dopaminergic drugs is possible but rare, compliance, dose, 
and concomitant drugs should be checked.

Family history
RLS/WED has been noted to occur commonly in families, 
indicating important genetic or shared environmental 
factors for the disease.45‑74 The risk of RLS/WED is nearly 
six times higher among first degree relatives of RLS/WED 
patients than in other people.75 In addition, twin stud-
ies have shown high concordance for RLS/WED.76‑78 The 
presence of RLS/WED among first degree relatives is thus 
supportive of the diagnosis.

Lack of profound daytime sleepiness
Patients with moderate to severe RLS/WED have chronic 
short sleep times but generally do not report a level of 
daytime sleepiness that would be expected for the degree 
of sleep loss.2‑80 They will usually have slightly elevated 
but still normal Epworth Sleepiness Scale scores.2‑83 
Thus, hyperarousal might be part of the pathophysiol-
ogy of RLS/WED.80 Profound sleepiness should prompt 
evaluation for another cause, such as sleep apnoea, 
narcolepsy, or a drug effect.84

Current diagnostic criteria
The first diagnostic definition of RLS/WED based on 
expert consensus and developed in 2003 following a 
workshop at the National Institutes of Health enabled a 
rapid development of research and treatments for RLS/
WED over the subsequent decades.33 Clinical experience 
accumulated since then has led to a recent update of 
these diagnostic criteria,14 which state that RLS/WED is 
diagnosed by ascertaining symptom patterns that meet 
the five essential criteria in box 1, using clinical specifiers 
where appropriate. These five essential criteria have to be 
met for a positive diagnosis.

Supporting features
RLS/WED has both a motor symptom—periodic leg move-
ments (PLMs)—and several common clinical patterns that 
can support a diagnosis, particularly when diagnostic 
certainty is lacking.

Periodic leg movements
PLMs are repetitive, stereotyped, flexor withdrawal-like 
movements of the legs that occur during sleep and are 
thus called periodic limb movements of sleep (PLMS) (fig 
1). PLMs can also occur during wakefulness. PLMS occur 

Box 1 | Diagnostic criteria for restless legs syndrome (RLS)/Willis-Ekbom disease (WED)
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
Sometimes the urge to move the legs is present without the uncomfortable sensations. 
The arms or other parts of the body may also be involved in addition to the legs.23‑41 Often 
the urge to move and the accompanying sensory symptoms are intermingled together and 
difficult to separate symptomatically or temporally. The sensations are described as painful 
in up to 30-50% of RLS/WED patients.37‑39

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
When examined by means of objective tests, such as the suggested immobilisation test,42 
patients with RLS/WED report pronounced sensory symptoms in the legs and the presence 
of periodic leg movements while both resting and awake, and these increase with the 
duration of rest.
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
RLS/WED patients generally feel at least some symptomatic relief almost immediately with 
the start of activity or very soon thereafter. Usually, the simple act of moving or walking 
suffices. Symptoms should generally not return or worsen with continued activity. When 
symptoms are very severe, relief through activity may not be noticeable but must have been 
previously present.35 43

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 day33

Clinicians should ask about symptoms both at rest in the morning and during the evening 
and at night. The critical clinical question for this criterion involves ascertaining circadian 
differences in response of symptoms to rest. Patients with RLS/WED should report fewer 
symptoms when resting in the morning than in the evening or night. Patients with very 
severe RLS/WED, however, may have relentless symptoms persisting throughout the day 
and night without any noticeable circadian variation. In these cases, patients should be 
able to report that this circadian/evening-night-time increase in symptoms was previously 
present in the earlier course of the disease.
5. The occurrence of the above features is not solely accounted for by symptoms primary 
to another medical or behavioural condition (eg, neuropathy, myalgia, venous stasis, leg 
oedema, arthritis, leg cramps, positional discomfort, or habitual foot tapping)
These conditions, often referred to as “RLS/WED mimics,” have been commonly confused 
with RLS/WED, particularly in epidemiological surveys, because they produce symptoms 
that meet, or at least come very close to meeting, all of the above criteria.
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reported in twin studies.76 77 Genome-wide linkage analy-
ses have identified at least eight major susceptibility loci 
for RLS/WED: RLS1 on chromosome 12q12-q21, RLS2 on 
14q13-21, RLS3 on 9p24-p22, RLS4 on 2q33, RLS5 on 
20p13, RLS6 on 19p13, RLS7 on 16p12.1, and RLS8 on 
2p14.88‑95 Recent genome-wide association studies (GWAS) 
of RLS/WED, in populations of primarily European ances-
try, identified six additional loci associated with RLS/WED, 
which are represented by single nucleotide polymorphisms 
on chromosomes 2p14 (MEIS1 and an intergenic region 
1.3 Mb downstream of MEIS1), 6p21.2 (BTBD9), 15q23 
(MAP2K5/SKOR1), 9p24.1-p23 (PTPRD), and 16q12.1 
(TOX3/BC034767).74‑97

Despite these advances, further GWAS still need to be 
developed in RLS/WED. The published studies have rather 
small sizes (<6000 cases) compared with those for other 
complex disorders,98 which is reflected in the number of 
risk loci identified. Moreover, variants across the entire fre-
quency spectrum are expected to contribute to disease sus-
ceptibility, including also rare and low frequency variants,99 
which have not so far been assessed by GWAS of RLS/WED.

However, the question is what percentage of total RLS/
WED heritability can be explained by these six associated 
loci, or by the currently known associated markers and 
risk alleles? Six risk markers that have been evaluated in 
two cohorts from Canada and the US,95 100 in both case-
control groups and extended family based associations, 
account for less than 10% of the total heritability. Until 
the precise variants responsible for the association are 
identified, these measurements should be regarded as 
only approximations; they presumably will have higher 
penetrance and odds ratios.100

Dopaminergic dysfunction
The most compelling argument in favour of a dopaminer-
gic dysfunction is the striking improvement in symptoms 
with dopaminergic drugs.31 However, the mechanism of 
this improvement has never been fully elucidated. Brain 
imaging of the nigrostriatal system has yielded conflict-
ing results,101 and the substantia nigra does not show 
cell loss at autopsy.102 Most studies using single photon 
emission computed tomography scanning to assess dopa-
mine transporter density have shown normal results, but a 
positron emission tomography study showed a decreased 
number of dopamine transporters,103 possibly reflecting a 
decreased number of membrane bound dopamine trans-
porters. Alternatively, this could also be a reflection of 
increased extracellular dopamine.

The number of D2/D3 receptors may be decreased in 
the mesolimbic areas, as shown by raclopride binding.104 
Also, lesioning of the A11 area that gives rise to a dopa-
minergic pathway projecting to the spinal cord results in 
overactivity in mice.105 However, an autopsy study did not 
show a dramatic cell loss in the A11 hypothalamic region 
of patients with RLS/WED.106

Neurophysiological studies have shown altered spinal 
excitability with decreased inhibition.107

Iron deficiency
Iron deficiency has also repeatedly been shown to be 
associated with RLS/WED.108 In idiopathic RLS/WED, 

Comorbid conditions
Previous classifications of RLS into primary and secondary 
types are being increasingly questioned, as these might 
suggest an inappropriate causal relation.85 Although in 
certain conditions (eg, iron deficiency), treatment of the 
underlying disease may reduce or eliminate symptoms of 
RLS/WED, the term comorbid RLS/WED seems to be more 
appropriate for most other associations. RLS/WED might 
be seen as a continuous spectrum with a major genetic 
contribution at one end and a major environmental or 
comorbid disease contribution at the other.85

Conditions most consistently associated with RLS/
WED in cross sectional epidemiological studies are preg-
nancy, iron deficiency, chronic kidney failure, major 
depressive disorder, generalised anxiety disorder, panic 
disorder, and attention-deficit/hyperactivity disorder. In 
addition, some studies have found positive associations 
with cardiovascular disease, including coronary heart 
disease and stroke.56‑86 Limited mortality data suggest 
an increased risk of death in women with RLS/WED and 
possibly increased mortality in RLS/WED patients with 
chronic kidney failure. However, causal inference has 
yet to be elucidated with all of these associations, and a 
recent review of RLS/WED associated with comorbidities 
identified an increased prevalence of RLS/WED only in 
iron deficiency and kidney disease.85

Clinical course
A history of remission and relapse in symptoms should 
be noted as a possible indicator of the subsequent course 
of the condition. The typical pattern of an insidious onset 
with gradual progression over a period of years to a clini-
cally significant disease occurs more frequently with 
early age of onset.24 25 However, in some cases, relatively 
rapid symptom development over months to a few years 
is reported with a variable degree of symptom progression 
after onset.87

What do we know about the cause of RLS/WED?
Genetics
RLS/WED is a highly familial trait but genetically complex, 
with estimates of concordance between 54% and 69% 

Fig 1 |  Periodic leg movements (PLMs) during sleep. The presence of repetitive PLMs causes 
arousals seen on electroencephalography, which contribute to sleep fragmentation. In addition, 
repetitive sympathetic arousals are caused, which might lead in the long term to systemic 
hypertension and increased cardiovascular risk
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Urinary evaluation
In addition to urinalysis, a 12 or 24 hour urine collection 
for creatinine clearance should be done to determine the 
glomerular filtration rate in patients at risk of kidney dis-
ease. Alternatively, kidney function can be determined 
by using measures of serum creatinine. Declining renal 
function is associated with increasing prevalence of RLS/
WED.126

Electromyography and nerve conduction studies
RLS/WED is not uncommon in several neurological 
conditions such as spinal cord dysfunction (Charcot-
Marie-Tooth type 2, spinocerebellar ataxias).127 128 Elec-
tromyography and nerve conduction studies should be 
used primarily when peripheral neuropathy is suspected 
on clinical grounds.129

Other investigations
In certain cases, extensive complementary tests (MRI, 
special cerebrospinal fluid and serum determination, 
venous ultrasonography of the legs) should be carried 
out to confirm the existence of other factors and condi-
tions that may contribute to so called “comorbid RLS/
WED,” such as lumbosacral radiculopathy, Lyme disease, 
monoclonal gammopathy of undetermined significance, 
myelopathy, or myelitis, or to make a differential diagno-
sis from others diseases, such as deep venous thrombosis 
or chronic venous insufficiency.

Update on management
Treatment for RLS/WED should be started when the 
symptoms impair the patient’s quality of life, daytime 
functioning, social functioning, or sleep. Consideration 
should be given to fully replenishing iron stores and 
maximising non-drug treatments before starting treat-
ment, although patients who are diagnosed as having 
RLS/WED will have already tried and tested many non-
drug options by the time they seek medical assistance 
(eg, activities that keep them concentrated, avoidance of 
caffeine and alcohol, hot baths). Use of drugs that are 
known to exacerbate RLS/WED symptoms should also be 
reconsidered—these include antihistamines, dopamine 
antagonists, anti-nausea drugs, antidepressants, seroton-
ergic reuptake inhibitors, neuroleptics, β blockers, some 
anticonvulsants, and lithium.130 Furthermore, measures 
(including oral iron supplements and, in some cases, 
intravenous iron administration) should taken to ensure 
that ferritin concentrations are raised above 50 ng/mL.

Several drugs have been evaluated over the short term, 
under controlled conditions for RLS/WED. However, as 
RLS/WED is often a lifelong disease, only those drugs that 
have been studied over periods longer than six months 
and have been approved in the EU, the US, and Japan 
are mentioned here (with the exception of oxycodone 
extended release, which is not approved in Japan).31

Dopaminergic agents
Pramipexole
Pramipexole has been shown to be effective for the treat-
ment of RLS/WED for up to six months on the basis of the 
results of a class I, 26 week, double blind, randomised, 

central nervous system iron storage may be impaired, 
whereas the systemic iron may be normal. Brain MRI 
studies of patients with RLS/WED have shown decreased 
iron in the midbrain, and a correlation between 
decreased brain iron and RLS/WED severity has been 
reported.109 An autopsy study found that H-ferritin was 
markedly reduced, whereas L-ferritin was present but 
had a different morphology.102 Another autopsy study 
found that iron regulatory protein (IRP) 1 concentrations 
were decreased in the brains of patients with RLS/WED, 
whereas IRP2 was upregulated.110

The mechanism by which iron deficiency leads to 
dopaminergic dysfunction is unclear. Iron has a com-
plex effect on dopaminergic function. It is a cofactor 
for tyrosine hydroxylase and is integral to D2 receptor 
function.102 111

Role of opiates and other neurotransmitters
Other systems, such as the opiate, glutamate, adenosine, 
and hypocretin systems,112‑114 might also be involved and 
might thus be future targets of drug action.

Diagnosis of RLS/WED
Update on recent diagnostic criteria
The diagnosis of RLS/WED is based on the presence 
of all five diagnostic criteria described in box 1,14 and 
supportive criteria should be assessed as well. Clinical 
diagnosis may yield 16% false positives and 15-20% 
false negatives.115‑117 Even when structured interviews 
are used, the positive predictive value of the diagnostic 
criteria does not exceed 86%.118 Thus, additional objec-
tive testing might be necessary in one in seven patients. 
This might include polysomnography,119 SIT,35 and/or 
actigraphy.120

Additional medical evaluation
Several relatively simple procedures may help to exclude 
secondary causes of RLS/WED, particularly iron defi-
ciency and peripheral neuropathy.121

Basic laboratory evaluation
Laboratory parameters include complete blood cell count, 
markers of kidney and liver function, iron metabolism, 
inflammation, endocrine function (glucose, thyroid hor-
mones), and vitamins (B12, D, and folic acid). Basic bio-
chemistry is also needed, with determination of plasma 
concentrations of glucose, creatinine, urea, potassium, 
calcium, and sodium.

For iron metabolism, two variables are of special inter-
est:
•   Serum ferritin—low concentrations of serum ferritin 

may precede a decrease in serum iron concentration. 
Serum ferritin concentrations below 50 ng/mL (<50 
μg/L) have been associated with RLS/WED, even in 
the absence of decreased haemoglobin or serum iron 
concentrations 122 123

•   The concentration of the soluble transferrin 
receptor (sTR) reflects the total body mass of cellular 
transferrin receptor.124 A high sTR concentration is 
considered to be the initial response to declining 
body iron supply.125
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day) improved IRLS score at 24 weeks by 15.5 and that 
relapse was less common in the active treatment arm 
compared with placebo (9% v 23%; P=0.02).138

Pregabalin—At a dose of 150-450 mg/day, pregabalin is 
considered effective for the treatment of RLS/WED for one 
year on the basis of class I evidence from one randomised, 
double blind study that evaluated the efficacy of pregaba-
lin and the incidence of augmentation over 52 weeks in 
719 patients. Pregabalin significantly reduced the IRLS 
score compared with pramipexole at 52 weeks (−3.8 and 
−3.1, respectively; P<0.001). The rate of augmentation 
over a period of 40 or 52 weeks was significantly lower 
with pregabalin than with pramipexole at a dose of 0.5 
mg (2.1% v 7.7%; P=0.001) but not at a dose of 0.25 mg 
(2.1% v 5.3%; P=0.08).144

Opiates
Oxycodone extended release
Oxycodone is considered effective in treatment resist-
ant RLS/WED on the basis of one class II study that 
consisted of a high quality 12 week, randomised, double 
blind, placebo controlled phase (n=304) followed by a 
40 week open label extension (n=197). Prolonged release 
oxycodone-naloxone (5.0 mg/2.5 mg twice daily up-
titrated to a maximum dose of 40 mg/20 mg twice daily) 
was shown to be effective in RLS/WED refractory to other 
treatments.145 Improvement in IRLS score at 12 weeks was 
significantly greater for prolonged release oxycodone-
naloxone (−16.6) than for placebo (−9.5) (P<0.001), and 
this beneficial effect continued throughout the extension 
phase, (IRLS −5.7 at week 40 compared with baseline).

Methadone
Two low quality studies have shown sustained thera-
peutic benefit of methadone over two to 10 years in RLS/
WED patients refractory to other treatments.31 146153A ret-
rospective, 10 year, longitudinal assessment of dopamine 
agonists and methadone for the treatment of RLS found 
that patients taking methadone did not discontinue treat-
ment or develop augmentation during this time.147 A case 
series reported that at least 75% of patients (n=29) being 
treated with methadone (mean 15.5 mg/day) experienced 
a reduction in RLS symptoms.148

Which treatment works best?
Two types of drugs have been extensively investigated 
for the treatment of RLS/WED: dopamine agonists and 
α2δ ligands. Both have been shown to be clinically effec-
tive in treating sensory symptoms.149 Dopamine agonists 
are more effective in treating PLMs, whereas α2δ ligands 
are effective in consolidating sleep.149 In fact, electroen-
cephalographic arousals associated with PLMs respond 
equally well to both types of drugs.150 However, several 
large retrospective cohort studies have examined aug-
mentation rates during long term treatment (5-10 years) 
with dopaminergic agonists, showing rates of dopamin-
ergic augmentation and no improvement in more than 
40% of patients.147‑152

Because of the link between dopaminergic treatment 
and a progressive loss of response, the most recent 
international guidelines recommend that whenever 

placebo controlled study of pramipexole (0.125-0.75 
mg) versus placebo in 331 RLS patients. It reported an 
improvement in International Restless Legs Scale (IRLS) 
score of 13.8 (SE 0.8) for pramipexole compared with 
11.1 (SE 0.8) for placebo, as well as improvements in the 
Clinical Global Impression scale in 68.5% versus 50% of 
patients (P=0.001) and in the Patient Global Impression 
scale in 62.3% versus 44.0% (P=0.001).131 Pramipexole 
is probably effective for one year on the basis of class 
II evidence (no placebo in long term phase) from a 52 
week, double blind, randomised controlled study in 719 
patients (0.25 and 0.5 mg/day), which reported a change 
in IRLS score compared with placebo of −0.6 (pramipex-
ole 0.25) and −3.2 (pramipexole 0.5) (both P<0.05).132 
The most frequently reported adverse events associated 
with the use of pramipexole include sleepiness, nausea, 
and insomnia.31

Ropinirole
Ropinirole has been shown to be effective for the treat-
ment of RLS/WED for six months on the basis of the 
results of a class I evidence from a randomised, double 
blind, placebo controlled study of 404 patients with 
severe idiopathic RLS/WED (median dose 1.8 mg/day). 
The adjusted mean treatment difference in IRLS score was 
−2.5 (P<0.05) at 26 weeks, and change from baseline was 
−20.4 at week 67 for remaining patients (P<0.05). It is 
probably effective for one year on the basis of the results 
from two open label prospective studies (median ropin-
irole doses of 1.6 or 2.0 mg/day).133 134 In the first study, 
the IRLS total score improved by 12 versus baseline at 
week 52.133 The second study found that mean IRLS base-
line scores improved at the end of the double blind phase 
by 15.9 (SE 0.76) for ropinirole and by 13.4 (0.77) for pla-
cebo (P<0.05), with an improvement by 20.4 (0.55) dur-
ing the open label phase.134 The most frequently reported 
adverse events include nausea, headache, fatigue, dizzi-
ness, and vomiting.31

Rotigotine
Rotigotine is considered effective for the treatment of 
RLS/WED for six months on the basis of class I evidence 
from two double blind, randomised studies that showed 
that doses of 2 mg and 3 mg were superior to placebo 
in patients with moderate to severe idiopathic RLS/
WED.135 136 The improvements in IRLS total score com-
pared with placebo were 11.1 for 0.5 mg (P=0.068), 11.2 
for 1 mg (P=0.054), 13.5 for 2 mg (P<0.001), and 14.2 for 
3 mg (P<0.001). The most frequently reported adverse 
events are application site reactions, nausea, headache, 
and fatigue.31

Non-dopaminergic agents
α2δ ligands
Gabapentin enacarbil—Although seven double blind stud-
ies have evaluated the efficacy of gabapentin enacarbil 
in treating RLS/WED, all of which showed an average 
improvement in symptom severity at doses between 600 
and 1200 mg per day,137‑143 only one of these class I stud-
ies met our minimum six month study duration criterion. 
This study reported that gabapentin enacarbil (1200 mg/
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completely but to ensure that they do not interfere with 
quality of life.153 If symptoms become bothersome, the 
dose can be increased cautiously, but this will increase 
the risk of development of augmentation.153 A non-dopa-
minergic agent can be added if concerns about the dose 
of the dopaminergic drug occur.153

Intermittent (non-daily) treatment of RLS/WED to prevent 
augmentation
Starting daily treatment of RLS/WED should be deferred 
as long as possible until symptoms occur almost daily. 
The goal of intermittent dosing should be pursued, 
especially if symptoms are infrequent (<1-2/week), or 
as preventive therapy before predictable conditions of 
immobility (eg, long car or plane trips, medical proce-
dures).

Using longer acting dopamine agonists
Longer acting dopaminergic agonists may cause less aug-
mentation than shorter acting dopamine agonists (fig 2). 
Nevertheless, whether this is because long acting dopa-
mine agonists may be actually masking the development 
of augmentation (by treating the typical first symptom of 
earlier onset of symptoms) remains controversial, mak-
ing it difficult to know whether they actually cause less 
frequent augmentation problems.

Fluctuating RLS/WED symptoms
Longitudinal studies show that the intensity of RLS/WED 
symptoms fluctuates and that some patients seem to go 
into spontaneous remission.22 27 Therefore, in patients 
with a history of notable fluctuating RLS/WED symptoms, 
intermittently attempting to reduce the dose or even dis-
continue the drug may be appropriate to ensure that they 
are being treated with the lowest effective dose.153

Switching to an alternative dopaminergic agent
Switching from one dopamine agonist to another is gener-
ally not considered useful for preventing (or treating) aug-
mentation, except for switching from levodopa to a longer 
acting formulation of a licensed dopamine agonist.157

Augmentation
Augmentation, the main complication of treatment, was 
first described and defined in 1996 when it was reported 
in 73% of RLS/WED patients treated with carbidopa/
levodopa. In this report, the main feature of augmenta-
tion was identified as a worsening of symptom sever-
ity manifested by an earlier onset of symptoms in the 
afternoon or evening compared with before the start of 
treatment, which was severe enough to require modi-
fication treatment in 50% of patients.158 Since then, a 
substantial effort has been made to further refine crite-
ria that identify and evaluate augmentation. A consen-
sus conference sponsored by the National Institutes of 
Health in 2003 developed an operational definition of 
augmentation based on clinical experience,33 and this 
was followed by the Max Planck Institute’s operational 
criteria in 2006 (box 2).159 More recently, a task force 
established by the IRLSSG in conjunction with the Euro-
pean Restless Legs Syndrome Study Group (EURLSSG) 

possible the initial treatment of choice should be an 
α2δ ligand.153 154 The most effective preventive strategy 
involves not using dopaminergic agents unless absolutely 
necessary. Should a dopaminergic treatment be needed to 
manage the symptoms effectively, the dopaminergic load 
should be reduced by using the lowest effective dose for 
the shortest possible period of time. In addition, a long 
acting dopamine agonist might be preferable owing to 
its likely lower risk of augmentation. The only α2δ ligand 
approved for RLS/WED is gabapentin enacarbil, and it is 
not yet available in Europe.

Furthermore, recent studies have reported on the 
efficacy of opioids for the treatment of RLS/WED, when 
resistant to dopamine agonists.155 Recent guidelines have 
taken these new data into account and highlight that a 
low dose of an opioid (prolonged release oxycodone145 
or methadone147) may be considered in patients with very 
severe augmentation.153 156

Long term treatment of RLS/WED
During long term treatment of RLS/WED, plasma ferritin 
concentrations should be kept over 50-75 μg/mL, by using 
oral iron if necessary. Drugs that are known to exacerbate 
RLS/WED, such as antidepressants, antihistamines, or 
dopamine blockers, should obviously be avoided unless 
strictly necessary. Patients should be encouraged to have 
good sleep hygiene with regular bedtimes.

If a patient is already being treated with a dopamin-
ergic agent, the lowest possible cumulative daily dose 
should be used to control the most bothersome RLS/
WED symptoms, and the total daily dose should never 
exceed maximum recommended levels (pramipexole 
0.5 mg, ropinirole 4 mg, rotigotine 3 mg).153 However, 
even low dose dopaminergic treatments carry a risk of 
augmentation.144 Physicians should explain to patients 
that the goal of treatment is not to eradicate symptoms 

Fig 2 |  Therapeutic response during treatment with dopamine agonists. At the beginning of 
treatment with dopamine agonist, pre-existing fluctuations in symptom severity cease and 
initial therapeutic benefit is obtained. However, with longer duration of treatment these 
fluctuations will eventually re-emerge until the severity matches or even exceeds that before 
any treatment had been started. This process is called dopaminergic augmentation and can take 
a variable amount of time to occur. There is general agreement that treatment with long acting 
dopamine agonists delays the process somewhat. Certainly, the use of low doses delays the 
process further, prolonging therapeutic response
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1. Do RLS/WED symptoms appear earlier than when 
the drug was first started?

2. Are higher doses of the drug now needed, or do you 
need to take the medicine earlier, to control the RLS/WED 
symptoms compared with the original effective dose?

3. Has the intensity of symptoms worsened since you 
started the treatment?

4. Have symptoms spread to other parts of the body (eg, 
arms) since you started the treatment?153

However, initial symptoms of augmentation deserve 
special attention by clinicians, particularly because pre-
ventive measures can still be taken at this stage. Classic 
features of initial augmentation are breakthrough crises 
during the daytime, increase in symptom frequency or 
symptom intensity, shorter duration of treatment effects, 
symptoms in previously unaffected body parts, worsening 
of sleep efficacy or sleep quality, increased PLMs during 
sleep or wakefulness, need for additional treatment, or 
overall decrease in therapeutic efficacy.161 162

Implications for initial treatment and prevention and 
treatment of augmentation
As augmentation is probably exclusively related to the 
specific action of the dopaminergic system, and this risk 
is strongly correlated with the dose and duration of treat-
ment,144‑163 the most effective strategy to prevent augmen-
tation would be not to use dopaminergic treatment or at 
least to keep the dopaminergic load as low as possible.153 
Other factors that have been reported to contribute to an 
increased risk of augmentation include low iron stores, 
greater severity of RLS/WED symptoms before starting 
treatment, and a family history of RLS/WED or lack of 
neuropathy.123‑165Figure 3 shows the augmentation treat-
ment algorithm as established in the international guide-
lines of the IRLSSG.153

Ensuring response over the long term
The consensus is that the most effective strategy that 
should be taken to avoid development of augmentation in 
RLS/WED patients is not to use dopaminergic agents. How-
ever, should these agents be the preferred treatment choice 
for other reasons, the dopaminergic load should be kept as 
low as possible by using the minimum effective dose for the 
shortest required period of time.153 Furthermore, should 
daily treatment be needed, then starting with a long acting 
dopamine agonist could be considered, as these types of 
drugs probably carry a lower risk of augmentation.

If a patient develops augmentation while taking dopa-
minergic treatment, the ultimate goal should be to elimi-
nate this dopaminergic treatment, or at the very least 
to ensure the lowest possible dopamine dose so as to 
minimise the risk of further augmentation. If this proves 
too difficult, recent guidelines recommend combination 
treatment with a low dose dopamine agonist and an α2δ 
ligand.153

Tolerance, impulse control disorders, somnolence, 
weight gain
In addition to augmentation, long term clinical experi-
ence has also shown the significance of other problems 
encountered when treating RLS/WED patients; these 

and the RLS Foundation (RLSF) developed evidence 
based and consensus based recommendations for the 
prevention and long term treatment of dopaminergic 
induced augmentation in RLS/WED.

Augmentation manifests as a frequently fluctuating 
but slowly progressive increase in symptom severity 
and is difficult to differentiate from the symptoms of 
RLS/WED itself.153 Its progressive nature means that it 
does not become evident immediately after the start of 
treatment. However, its likelihood increases with the 
duration and dose of treatment, as has been shown in 
a study that compared two doses of pramipexole.144 All 
this makes augmentation hard to prevent. Furthermore, 
a recent study suggests that the risk of impulse control 
disorder is greatly increased in patients during augmen-
tation.160

The worsening of RLS/WED that occurs during aug-
mentation probably reduces the response rate to future 
non-dopaminergic agents such as α2δ ligands, although 
insufficient data are available to establish this.

The recent IRLSSG/EURLSSG/RLSF guidelines seek to 
facilitate the identification of augmentation in clinical 
practice by recommending that physicians consider the 
presence of augmentation whenever a patient who has 
been on stable treatment for at least six months requests 
additional therapy.153 Four screening questions, which 
have yet to be validated, may be used for this purpose in 
patients treated with dopaminergic agents. An affirma-
tive answer to any of these four questions should lead 
the physician to suspect the presence of augmentation:

Box 2 | Max Planck Institute criteria for augmentation159

Augmentation is a worsening of RLS symptom severity 
experienced by patients undergoing treatment for RLS. 
The RLS symptoms in general are more severe than those 
experienced at baseline.
A. Basic features (all of which need to be met):
1. The increase in symptom severity was experienced on five 
out of seven days during the previous week
2. The increase in symptom severity is not accounted for by 
other factors such as a change in medical status, lifestyle, or 
the natural progression of the disorder
3. It is assumed that there has been a previous positive 
response to treatment
In addition, either B or C or both have to be met.
B. Persisting (although not immediate) paradoxical 
response to treatment:
RLS symptom severity increases some time after a dose 
increase and improves some time after a dose decrease.
OR
C. Earlier onset of symptoms:
1. An earlier onset by at least four hours.
OR
2. An earlier onset (between two and four hours) occurs with 
one of the following compared with symptom status before 
treatment:

a. Shorter latency to symptoms when at rest
b. Spreading of symptoms to other body parts
c. Intensity of symptoms is greater (or increase in periodic 

limb movements if measured by polysomnography or the 
suggested immobilisation test)

d. Duration of relief from treatment is shorter.
Augmentation requires criteria A+B, A+C, or A+B+C to be met
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Neurological Society (2012),170 and the International 
Restless Legs Study Group (2013, 2015, and 2016).31‑153

All recommend the use of drug strategies for moderate 
to severe RLS/WED. Guidelines published in the past five 
years not only include short term studies but also focus 
more on long term studies. As some of the complica-
tions, particularly augmentation, can be seen after pro-
longed use and become a crucial factor in deciding the 
first line treatment, more recent guidelines focus more 
on this aspect.31 153 The 2013 IRLSSG guidelines offer a 
detailed description of all long term studies published 
before then,31 but they did not include a long term study 
on oxycodone extended release,155 which was published 
after 2013. In 2016 augmentation guidelines included a 
change in the recommended first line treatment of RLS (to 
α2δ ligands),153 following the results of a long term com-
parison between a dopamine agonist and an α2δ ligand.144

Emerging treatments
Because of the risk of augmentation from all dopaminer-
gic drugs during long term treatment, most new trials are 
now focusing on non-dopaminergic treatment options. 

include weight gain, impulse control disorders (ICDs), 
mood disturbances, loss of efficacy, and somnolence. 
The IRLSSG treatment guidelines recommend that treat-
ment choices should take these potential problems into 
account (table).31

ICDs have been reported to develop in 6-17% of 
patients with RLS/WED who are being treated with 
dopamine agonists.166 ICDs are thought to occur more 
often with higher doses of dopaminergic agents and in 
women.31 Patients should be questioned about ICDs at 
each visit. If ICD that interferes with the patient’s daily 
activities is present, the drug should be discontinued or 
at least the dose should be decreased to a level at which 
ICDs cease. Other non-dopaminergic drugs should be 
substituted or added.

Guidelines
Guidelines for the management of RLS/WED include 
those from the American Academy of Neurology 
(2016),167 the Movement Disorders Society (2008),168 
the American Academy of Sleep Medicine (2012),169 the 
European Federation of Neurological Societies/European 

δ

δ

α δ

δ

Fig 3 |  Augmentation treatment algorithm153
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Future studies will include intravenous iron treatments 
and substances that act on adenosine and on gluta-
mate.171

Conclusion
RLS/WED was once a neglected condition, but intense 
research efforts over the past few decades have increased 
clinicians’ awareness and understanding of the disease. 
Major research efforts over the past decades have yielded 
important advances in our knowledge of the genetics 
and pathophysiology. From a therapeutic perspective, 
although initial treatment with dopaminergic drugs was 
promising, the rates of long term treatment failure are 
high. α2δ ligands and opiates might be helpful in filling 
the gap, but a need still exists for the development of new 
drugs that act on other neurotransmitter systems central 
to the pathophysiology of RLS/WED.

FUTURE RESEARCH QUESTIONS
•	A need exists for prospective cohort studies to assess RLS/

WED in addition to other conditions, to collect:
–– Family information
–– Images
–– Biomaterials
–– Medical histories
–– Risk factors

•	Diagnostic investigations repeated over time are needed 
to analyse:

–– Genetic susceptibility
–– Potential biological pathways
–– Functional and structural brain changes
–– Comorbidity patterns
–– Patient reported outcomes in a broad variety of 
phenotypes

•	Such approaches would have great potential to elucidate 
causative factors for RLS/WED and advance knowledge 
from the current status of associated risk factors to specific 
causes

Clinical consensus on benefits and risks of each drug treatment for restless legs syndrome/Willis-
Ekbom disease31

Effect Levodopa
Non-ergot DA Ergot 

based DA
α2δ 
ligand Opioid ClonazepamShort acting Long acting

Potential to cause adverse events
Augmentation +++ ++ + ++ 0 NK 0
Loss of efficacy +++ ++ NK ++ + + NK
Impulse control 
disorders

0 + 0/+ NK 0 0 0

Excessive daytime 
sleepiness

DK ++ + ++ +++ + ++

Negative mood 0 0 0 0 + + ++
Weight gain 0 0 0 0 ++ 0 0
General toxicity + + ++ +++ + ++ +
Potential to have positive effect
Subjective night-time 
sleep

0 + + + ++ ++ ++

Classic night-time 
RLS/WED symptoms

+ ++ ++ ++ ++ ++ 0

Quality of life NK ++ ++ ++ ++ NK NK
Pain reduction + + + + ++ +++ 0
DA=dopamine receptor agonist; NK=not known; RLS/WED=restless legs syndrome/Willis-Ekbom disease.
0= has no effect on this parameter; +=slightly likely to affect this parameter; ++=somewhat likely to affect this parameter; 
+++=very likely to affect this parameter.



S TAT E  O F  T H E  A R T  R E V I E W

For personal use only 	 11 of 14

44	 Montplaisir J, Boucher S, Nicolas A, et al. Immobilization tests and periodic 
leg movements in sleep for the diagnosis of restless leg syndrome. Mov 
Disord 1998;13:324-9. doi:10.1002/mds.870130220 pmid:9539348.

45	 Montplaisir J, Boucher S, Poirier G, Lavigne G, Lapierre O, Lespérance P. 
Clinical, polysomnographic, and genetic characteristics of 
restless legs syndrome: a study of 133 patients diagnosed with 
new standard criteria. Mov Disord 1997;12:61-5. doi:10.1002/
mds.870120111 pmid:8990055.

46	 Ferri R, Fulda S, Allen RP, et al. International and European Restless Legs 
Syndrome Study Groups (IRLSSG and EURLSSG). World Association of 
Sleep Medicine (WASM) 2016 standards for recording and scoring leg 
movements in polysomnograms developed by a joint task force from the 
International and the European Restless Legs Syndrome Study Groups 
(IRLSSG and EURLSSG). Sleep Med 2016;26:86-95. doi:10.1016/j.
sleep.2016.10.010 pmid:27890390.

47	 Sforza E, Juony C, Ibanez V. Time-dependent variation in cerebral and 
autonomic activity during periodic leg movements in sleep: implications for 
arousal mechanisms. Clin Neurophysiol 2002;113:883-91. doi:10.1016/
S1388-2457(02)00066-4 pmid:12048047.

48	 Sforza E, Jouny C, Ibanez V. Time course of arousal response during periodic 
leg movements in patients with periodic leg movements and restless legs 
syndrome. Clin Neurophysiol 2003;114:1116-24. doi:10.1016/S1388-
2457(03)00077-4 pmid:12804680.

49	 Fantini ML, Michaud M, Gosselin N, Lavigne G, Montplaisir J. Periodic 
leg movements in REM sleep behavior disorder and related autonomic 
and EEG activation. Neurology 2002;59:1889-94. doi:10.1212/01.
WNL.0000038348.94399.F6 pmid:12499479.

50	 Ferri R, Zucconi M, Rundo F, Spruyt K, Manconi M, Ferini-Strambi L. Heart 
rate and spectral EEG changes accompanying periodic and non-periodic 
leg movements during sleep. Clin Neurophysiol 2007;118:438-48. 
doi:10.1016/j.clinph.2006.10.007 pmid:17140849.

51	 Sforza E, Pichot V, Cervena K, Barthélémy JC, Roche F. Cardiac variability 
and heart-rate increment as a marker of sleep fragmentation in 
patients with a sleep disorder: a preliminary study. Sleep 2007;30:43-
51.pmid:17310864.

52	 Winkelman JW. The evoked heart rate response to periodic leg movements 
of sleep. Sleep 1999;22:575-80.pmid:10450592.

53	 Pennestri MH, Montplaisir J, Colombo R, Lavigne G, Lanfranchi PA. 
Nocturnal blood pressure changes in patients with restless legs 
syndrome. Neurology 2007;68:1213-8. doi:10.1212/01.
wnl.0000259036.89411.52 pmid:17420405.

54	 Giannaki CD, Zigoulis P, Karatzaferi C, et al. Periodic limb movements in 
sleep contribute to further cardiac structure abnormalities in hemodialysis 
patients with restless legs syndrome. J Clin Sleep Med 2013;9:147-
53.pmid:23372468.

55	 Siddiqui F, Strus J, Ming X, Lee IA, Chokroverty S, Walters AS. Rise 
of blood pressure with periodic limb movements in sleep and 
wakefulness. Clin Neurophysiol 2007;118:1923-30. doi:10.1016/j.
clinph.2007.05.006 pmid:17588809.

56	 Walters AS, Rye DB. Evidence continues to mount on the relationship of 
restless legs syndrome/ periodic limb movements in sleep to hypertension, 
cardiovascular disease, and stroke. Sleep 2010;33:287.pmid:20337185.

57	 Koo BB, Blackwell T, Ancoli-
Israel S, Stone KL, Stefanick ML, Redline S. Osteoporotic Fractures in Men 
(MrOS) Study Group. Association of incident cardiovascular disease with 
periodic limb movements during sleep in older men: outcomes of sleep 
disorders in older men (MrOS) study. Circulation 2011;124:1223-31. 
doi:10.1161/CIRCULATIONAHA.111.038968 pmid:21859975.

58	 Winkelman JW, Shahar E, Sharief I, Gottlieb DJ. Association of restless legs 
syndrome and cardiovascular disease in the Sleep Heart Health Study. 
Neurology 2008;70:35-42. doi:10.1212/01.wnl.0000287072.93277.
c9 pmid:18166705.

59	 Giannaki CD, Zigoulis P, Karatzaferi C, et al. Periodic limb movements in 
sleep contribute to further cardiac structure abnormalities in hemodialysis 
patients with restless legs syndrome. J Clin Sleep Med 2013;9:147-
53.pmid:23372468.

60	 Cosentino FI, Aricò D, Lanuzza B, et al. Absence of cardiovascular disease 
risk factors in restless legs syndrome. Acta Neurol Scand 2012;125:319-
25. doi:10.1111/j.1600-0404.2011.01563.x pmid:21718253.

61	 Bombois S, Derambure P, Pasquier F, Monaca C. Sleep disorders in aging 
and dementia. J Nutr Health Aging 2010;14:212-7. doi:10.1007/s12603-
010-0052-7 pmid:20191256.

62	 Dauvilliers Y, Rompré S, Gagnon JF, Vendette M, Petit D, Montplaisir J. REM 
sleep characteristics in narcolepsy and REM sleep behavior disorder. Sleep 
2007;30:844-9.pmid:17682654.

63	 Pedroso JL, Braga-Neto P, Felício AC, et al. Sleep disorders in cerebellar 
ataxias. Arq Neuropsiquiatr 2011;69(2A):253-7. doi:10.1590/S0004-
282X2011000200021 pmid:21537570.

64	 Fulda S, Rusakova I, Ferri R, et al. P6. Leg movements during sleep in 
patients with obstructive sleep apnea. Clin Neurophysiol 2012;123:e104d
oi:10.1016/j.clinph.2012.03.056.

65	 Winkelman J. High rates of periodic leg movements of sleep in REM-sleep 
behavior disorder raise more questions about the relationship between 
sleep-related movement disorders. Article reviewed: M.L. Fantini, M. 
Michaud, N. Gosselin, G. Lavigne, J. Montplaisir, Periodic leg movements 
in REM sleep behavior disorder and related autonomic and EEG 
activation, Neurology, 59 (2002) 1889-1894. Sleep Med 2003;4:261-
2doi:10.1016/S1389-9457(03)00066-2.

22	 Szentkiralyi A, Fendrich K, Hoffmann W, Happe S, Berger K. 
Incidence of restless legs syndrome in two population-based cohort 
studies in Germany. Sleep Med 2011;12:815-20. doi:10.1016/j.
sleep.2011.06.016 pmid:22063473.

23	 Buchfuhrer MJ. Restless legs syndrome (RLS) with expansion of 
symptoms to the face. Sleep Med 2008;9:188-90. doi:10.1016/j.
sleep.2007.02.013 pmid:17638589.

24	 Allen RP, Earley CJ. Defining the phenotype of the restless legs 
syndrome (RLS) using age-of-symptom-onset. Sleep Med 2000;1:11-9. 
doi:10.1016/S1389-9457(99)00012-X pmid:10733616.

25	 Ondo W, Jankovic J. Restless legs syndrome: clinicoetiologic 
correlates. Neurology 1996;47:1435-41. doi:10.1212/
WNL.47.6.1435 pmid:8960723.

26	 Budhiraja P, Budhiraja R, Goodwin JL, et al. Incidence of restless 
legs syndrome and its correlates. J Clin Sleep Med 2012;8:119-
24.pmid:22505854.

27	 Kagimura T, Nomura T, Kusumi M, Nakashima K, Inoue Y. Prospective 
survey on the natural course of restless legs syndrome over two 
years in a closed cohort. Sleep Med 2011;12:821-6. doi:10.1016/j.
sleep.2011.04.012 pmid:22001218.

28	 Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS,  
Montplaisir J. Restless Legs Syndrome Diagnosis and Epidemiology 
workshop at the National Institutes of Health International Restless Legs 
Syndrome Study Group. Restless legs syndrome: diagnostic criteria, 
special considerations, and epidemiology. A report from the restless 
legs syndrome diagnosis and epidemiology workshop at the National 
Institutes of Health. Sleep Med 2003;4:101-19. doi:10.1016/S1389-
9457(03)00010-8 pmid:14592341.

29	 Cho YW, Shin WC, Yun CH, et al. Epidemiology of restless legs syndrome 
in Korean adults. Sleep 2008;31:219-23.pmid:18274269.

30	 Szentkirályi A, Völzke H, Hoffmann W, Happe S, Berger K. A time 
sequence analysis of the relationship between cardiovascular 
risk factors, vascular diseases and restless legs syndrome in the 
general population. J Sleep Res 2013;22:434-42. doi:10.1111/
jsr.12040 pmid:23374090.

31	 Garcia-Borreguero D, Kohnen R, Silber MH, et al. The long-term 
treatment of restless legs syndrome/Willis-Ekbom disease: 
evidence-based guidelines and clinical consensus best practice 
guidance: a report from the International Restless Legs Syndrome 
Study Group. Sleep Med 2013;14:675-84. doi:10.1016/j.
sleep.2013.05.016 pmid:23859128.

32	 Walters AS, Frauscher B, Allen R, et al. MDS Committee on Rating Scales. 
Review of diagnostic instruments for the restless legs syndrome/Willis-
Ekbom Disease (RLS/WED): critique and recommendations. J Clin Sleep 
Med 2014;10:1343-9.pmid:25348242.

33	 Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS,  
Montplaisi J. Restless Legs Syndrome Diagnosis and Epidemiology 
workshop at the National Institutes of Health International Restless Legs 
Syndrome Study Group. Restless legs syndrome: diagnostic criteria, 
special considerations, and epidemiology. A report from the restless 
legs syndrome diagnosis and epidemiology workshop at the National 
Institutes of Health. Sleep Med 2003;4:101-19. doi:10.1016/S1389-
9457(03)00010-8 pmid:14592341.

34	 Winkelman JW, Gagnon A, Clair AG. Sensory symptoms in restless 
legs syndrome: the enigma of pain. Sleep Med 2013;14:934-42. 
doi:10.1016/j.sleep.2013.05.017 pmid:23948222.

35	 Garcia-Borreguero D, Kohnen R, Boothby L, Tzonova D, Larrosa O, Dunkl E. 
Validation of the multiple suggested immobilization test: a test for the 
assessment of severity of restless legs syndrome (Willis-Ekbom disease). 
Sleep 2013;36:1101-9.pmid:23814348.

36	 Hening WA, Walters AS, Wagner M, et al. Circadian rhythm of motor 
restlessness and sensory symptoms in the idiopathic restless legs 
syndrome. Sleep 1999;22:901-12.pmid:10566908.

37	 Winkelmann J, Wetter TC, Collado-Seidel V, et al. Clinical characteristics 
and frequency of the hereditary restless legs syndrome in a population of 
300 patients. Sleep 2000;23:597-602.pmid:10947027.

38	 Bassetti CL, Mauerhofer D, Gugger M, Mathis J, Hess CW. Restless legs 
syndrome: a clinical study of 55 patients. Eur Neurol 2001;45:67-74. 
doi:10.1159/000052098 pmid:11244268.

39	 Holmes R, Tluk S, Metta V, et al. Nature and variants of idiopathic 
restless legs syndrome: observations from 152 patients referred to 
secondary care in the UK. J Neural Transm (Vienna) 2007;114:929-34. 
doi:10.1007/s00702-006-0614-3 pmid:17238008.

40	 Michaud M, Chabli A, Lavigne G, Montplaisir J. Arm restlessness in 
patients with restless legs syndrome. Mov Disord 2000;15:289-
93. doi:10.1002/1531-8257(200003)15:2<289::AID-
MDS1012>3.0.CO;2-E pmid:10752578.

41	 Karroum EG, Leu-Semenescu S, Arnulf I. Topography of the sensations 
in primary restless legs syndrome. J Neurol Sci 2012;320:26-31. 
doi:10.1016/j.jns.2012.05.051 pmid:22704032.

42	 Michaud M, Lavigne G, Desautels A, Poirier G, Montplaisir J. Effects of 
immobility on sensory and motor symptoms of restless legs syndrome. 
Mov Disord 2002;17:112-5. doi:10.1002/mds.10004 pmid:11835447.

43	 Picchietti DL, Hensley JG, Bainbridge JL, et al. International Restless Legs 
Syndrome Study Group (IRLSSG). Consensus clinical practice guidelines 
for the diagnosis and treatment of restless legs syndrome/Willis-Ekbom 
disease during pregnancy and lactation. Sleep Med Rev 2015;22:64-
77. doi:10.1016/j.smrv.2014.10.009 pmid:25553600.



S TAT E  O F  T H E  A R T  R E V I E W

For personal use only 	 12 of 14

91	 Levchenko A, Provost S, Montplaisir JY, et al. A novel autosomal 
dominant restless legs syndrome locus maps to chromosome 20p13. 
Neurology 2006;67:900-1. doi:10.1212/01.wnl.0000233991.20410.
b6 pmid:16966564.

92	 Pichler I, Marroni F, Volpato CB, et al. Linkage analysis identifies a 
novel locus for restless legs syndrome on chromosome 2q in a South 
Tyrolean population isolate. Am J Hum Genet 2006;79:716-23. 
doi:10.1086/507875 pmid:16960808.

93	 Kemlink D, Plazzi G, Vetrugno R, et al. Suggestive evidence for linkage 
for restless legs syndrome on chromosome 19p13. Neurogenetics 
2008;9:75-82. doi:10.1007/s10048-007-0113-1 pmid:18193462.

94	 Levchenko A, Montplaisir JY, Asselin G, et al. Autosomal-dominant 
locus for Restless Legs Syndrome in French-Canadians on 
chromosome 16p12.1. Mov Disord 2009;24:40-50. doi:10.1002/
mds.22263 pmid:18946881.

95	 Winkelmann J, Czamara D, Schormair B, et al. Genome-wide association 
study identifies novel restless legs syndrome susceptibility loci on 2p14 
and 16q12.1. PLoS Genet 2011;7:e1002171. doi:10.1371/journal.
pgen.1002171 pmid:21779176.

96	 Winkelmann J, Schormair B, Lichtner P, et al. Genome-wide association 
study of restless legs syndrome identifies common variants in 
three genomic regions. Nat Genet 2007;39:1000-6. doi:10.1038/
ng2099 pmid:17637780.

97	 Schormair B, Kemlink D, Roeske D, et al. PTPRD (protein tyrosine 
phosphatase receptor type delta) is associated with restless 
legs syndrome. Nat Genet 2008;40:946-8. doi:10.1038/
ng.190 pmid:18660810.

98	  Schizophrenia Working Group of the Psychiatric Genomics Consortium. 
Biological insights from 108 schizophrenia-associated genetic loci. 
Nature 2014;511:421-7. doi:10.1038/nature13595 pmid:25056061.

99	 Robinson MR, Wray NR, Visscher PM. Explaining additional genetic 
variation in complex traits. Trends Genet 2014;30:124-32. 
doi:10.1016/j.tig.2014.02.003 pmid:24629526.

100	 Winkelmann J, Schormair B, Lan X, Rye D, Rouleau G. The genetics of RLS. 
Sleep Med 2016; (forthcoming).

101	 Provini F, Chiaro G. Neuroimaging in Restless Legs Syndrome[xi.]. 
Sleep Med Clin 2015;10:215-26, xi. doi:10.1016/j.
jsmc.2015.05.006 pmid:26329431.

102	 Connor JR, Boyer PJ, Menzies SL, et al. Neuropathological 
examination suggests impaired brain iron acquisition in restless 
legs syndrome. Neurology 2003;61:304-9. doi:10.1212/01.
WNL.0000078887.16593.12 pmid:12913188.

103	 Earley CJ, Kuwabara H, Wong DF, et al. The dopamine transporter is 
decreased in the striatum of subjects with restless legs syndrome. Sleep 
2011;34:341-7.pmid:21358851.

104	 Oboshi Y, Ouchi Y, Yagi S, et al. In vivo mesolimbic D2/3 receptor binding 
predicts posttherapeutic clinical responses in restless legs syndrome: 
a positron emission tomography study. J Cereb Blood Flow Metab 
2012;32:654-62. doi:10.1038/jcbfm.2011.201 pmid:22234337.

105	 Zhao H, Zhu W, Pan T, et al. Spinal cord dopamine receptor expression 
and function in mice with 6-OHDA lesion of the A11 nucleus and dietary 
iron deprivation. J Neurosci Res 2007;85:1065-76. doi:10.1002/
jnr.21207 pmid:17342757.

106	 Earley CJ, Allen RP, Connor JR, Ferrucci L, Troncoso J. The 
dopaminergic neurons of the A11 system in RLS autopsy brains 
appear normal. Sleep Med 2009;10:1155-7. doi:10.1016/j.
sleep.2009.01.006 pmid:19307154.

107	 Stiasny-Kolster K, Magerl W, Oertel WH, Möller JC, Treede RD. Static 
mechanical hyperalgesia without dynamic tactile allodynia in patients 
with restless legs syndrome. Brain 2004;127:773-82. doi:10.1093/
brain/awh079 pmid:14985260.

108	 Daubian-Nosé P, Frank MK, Esteves AM. Sleep disorders: A review of the 
interface between restless legs syndrome and iron metabolism. Sleep Sci 
2014;7:234-7. doi:10.1016/j.slsci.2014.10.002 pmid:26483934.

109	 Allen RP, Barker PB, Wehrl FW, Song HK, Earley CJ. MRI measurement 
of brain iron in patients with restless legs syndrome. Neurology 
2001;56:263-5. doi:10.1212/WNL.56.2.263 pmid:11160969.

110	 Connor JR, Wang XS, Patton SM, et al. Decreased transferrin receptor 
expression by neuromelanin cells in restless legs syndrome. Neurology 
2004;62:1563-7. doi:10.1212/01.WNL.0000123251.60485.
AC pmid:15136682.

111	 Allen RP, Earley CJ. Restless legs syndrome: a review of clinical and 
pathophysiologic features. J Clin Neurophysiol 2001;18:128-47. 
doi:10.1097/00004691-200103000-00004 pmid:11435804.

112	 Trenkwalder C, Zieglgänsberger W, Ahmedzai SH, Högl B. Pain, opioids, 
and sleep: implications for restless legs syndrome treatment. Sleep Med 
2016;pii:S1389-9457(16)30238-6.pmid:27964861.

113	 Ferré S, Earley C, Gulyani S, Garcia-Borreguero D. In search of alternatives 
to dopaminergic ligands for the treatment of restless legs syndrome: iron, 
glutamate, and adenosine. Sleep Med 2016;pii:S1389-9457(16)30214-
3.pmid:27899234.

114	 Allen RP, Mignot E, Ripley B, Nishino S, Earley CJ. Increased CSF 
hypocretin-1 (orexin-A) in restless legs syndrome. Neurology 
2002;59:639-41. doi:10.1212/WNL.59.4.639 pmid:12196669.

115	 Hening WA, Allen RP, Washburn M, Lesage SR, Earley CJ. The four 
diagnostic criteria for Restless Legs Syndrome are unable to exclude 
confounding conditions (“mimics”). Sleep Med 2009;10:976-81. 
doi:10.1016/j.sleep.2008.09.015 pmid:19185537.

66	 Hoque R, Chesson AL Jr. Pharmacologically induced/exacerbated restless 
legs syndrome, periodic limb movements of sleep, and REM behavior 
disorder/REM sleep without atonia: literature review, qualitative scoring, and 
comparative analysis. J Clin Sleep Med 2010;6:79-83.pmid:20191944.

67	 Yang C, White DP, Winkelman JW. Antidepressants and periodic leg 
movements of sleep. Biol Psychiatry 2005;58:510-4. doi:10.1016/j.
biopsych.2005.04.022 pmid:16005440.

68	 Hornyak M, Feige B, Voderholzer U, Philipsen A, Riemann D. 
Polysomnography findings in patients with restless legs syndrome and in 
healthy controls: a comparative observational study. Sleep 2007;30:861-
5.pmid:17682656.

69	 Pennestri MH, Whittom S, Adam B, Petit D, Carrier J, Montplaisir J. PLMS 
and PLMW in healthy subjects as a function of age: prevalence and interval 
distribution. Sleep 2006;29:1183-7.pmid:17040005.

70	 Claman DM, Redline S, Blackwell T, et al. Study of Osteoporotic Fratures 
Research Group. Prevalence and correlates of periodic limb movements in 
older women. J Clin Sleep Med 2006;2:438-45.pmid:17557474.

71	 Michaud M, Paquet J, Lavigne G, Desautels A, Montplaisir J. Sleep laboratory 
diagnosis of restless legs syndrome. Eur Neurol 2002;48:108-13. 
doi:10.1159/000062996 pmid:12187001.

72	 Fulda S, Wetter TC. Where dopamine meets opioids: a meta-analysis of 
the placebo effect in restless legs syndrome treatment studies. Brain 
2008;131:902-17. doi:10.1093/brain/awm244 pmid:17932100.

73	 Xiong L, Montplaisir J, Desautels A, et al. Family study of restless 
legs syndrome in Quebec, Canada: clinical characterization of 
671 familial cases. Arch Neurol 2010;67:617-22. doi:10.1001/
archneurol.2010.67 pmid:20457962.

74	 Stefansson H, Rye DB, Hicks A, et al. A genetic risk factor for periodic limb 
movements in sleep. N Engl J Med 2007;357:639-47. doi:10.1056/
NEJMoa072743 pmid:17634447.

75	 Allen RP, La Buda MC, Becker P, Earley CJ. Family history study of the restless 
legs syndrome. Sleep Med 2002;3(Suppl):S3-7. doi:10.1016/S1389-
9457(02)00140-5 pmid:14592159.

76	 Xiong L, Jang K, Montplaisir J, et al. Canadian restless legs syndrome 
twin study. Neurology 2007;68:1631-3. doi:10.1212/01.
wnl.0000261016.90374.fd pmid:17485653.

77	 Desai AV, Cherkas LF, Spector TD, Williams AJ. Genetic influences 
in self-reported symptoms of obstructive sleep apnoea 
and restless legs: a twin study. Twin Res 2004;7:589-95. 
doi:10.1375/1369052042663841 pmid:15607009.

78	 Ondo WG, Vuong KD, Wang Q. Restless legs syndrome in monozygotic 
twins: clinical correlates. Neurology 2000;55:1404-6. doi:10.1212/
WNL.55.9.1404 pmid:11087794.

79	 Allen RP, Barker PB, Horská A, Earley CJ. Thalamic glutamate/
glutamine in restless legs syndrome: increased and related to 
disturbed sleep. Neurology 2013;80:2028-34. doi:10.1212/
WNL.0b013e318294b3f6 pmid:23624560.

80	 Gamaldo C, Benbrook AR, Allen RP, Oguntimein O, Earley CJ. Evaluating 
daytime alertness in individuals with Restless Legs Syndrome (RLS) 
compared to sleep restricted controls. Sleep Med 2009;10:134-8. 
doi:10.1016/j.sleep.2007.11.024 pmid:18226948.

81	 Winkelman JW, Finn L, Young T. Prevalence and correlates of restless 
legs syndrome symptoms in the Wisconsin Sleep Cohort. Sleep Med 
2006;7:545-52. doi:10.1016/j.sleep.2006.01.004 pmid:16740407.

82	 Benediktsdottir B, Janson C, Lindberg E, et al. Prevalence of restless legs 
syndrome among adults in Iceland and Sweden: Lung function, comorbidity, 
ferritin, biomarkers and quality of life. Sleep Med 2010;11:1043-8. 
doi:10.1016/j.sleep.2010.08.006 pmid:20961808.

83	 Saletu B, Anderer P, Saletu M, Hauer C, Lindeck-Pozza L, Saletu-Zyhlarz G. 
EEG mapping, psychometric, and polysomnographic studies in restless 
legs syndrome (RLS) and periodic limb movement disorder (PLMD) patients 
as compared with normal controls. Sleep Med 2002;3(Suppl):S35-42. 
doi:10.1016/S1389-9457(02)00147-8 pmid:14592166.

84	 Plazzi G, Ferri R, Antelmi E, et al. Restless legs syndrome is frequent 
in narcolepsy with cataplexy patients. Sleep 2010;33:689-
94.pmid:20469811.

85	 Trenkwalder C, Allen R, Högl B, Paulus W, Winkelmann J. Restless 
legs syndrome associated with major diseases: A systematic review 
and new concept. Neurology 2016;86:1336-43. doi:10.1212/
WNL.0000000000002542 pmid:26944272.

86	 Chen NH, Chuang LP, Yang CT, et al. The prevalence of restless legs 
syndrome in Taiwanese adults. Psychiatry Clin Neurosci 2010;64:170-8. 
doi:10.1111/j.1440-1819.2010.02067.x pmid:20447013.

87	 Walters AS, Hickey K, Maltzman J, et al. A questionnaire study of 138 
patients with restless legs syndrome: the ‘Night-Walkers’ survey. Neurology 
1996;46:92-5. doi:10.1212/WNL.46.1.92 pmid:8559428.

88	 Desautels A, Turecki G, Montplaisir J, Sequeira A, Verner A, Rouleau GA. 
Identification of a major susceptibility locus for restless legs 
syndrome on chromosome 12q. Am J Hum Genet 2001;69:1266-70. 
doi:10.1086/324649 pmid:11704926.

89	 Bonati MT, Ferini-Strambi L, Aridon P, Oldani A, Zucconi M, Casari G. 
Autosomal dominant restless legs syndrome maps on chromosome 
14q. Brain 2003;126:1485-92. doi:10.1093/brain/
awg137 pmid:12764067.

90	 Chen S, Ondo WG, Rao S, Li L, Chen Q, Wang Q. Genomewide 
linkage scan identifies a novel susceptibility locus for restless legs 
syndrome on chromosome 9p. Am J Hum Genet 2004;74:876-85. 
doi:10.1086/420772 pmid:15077200.



S TAT E  O F  T H E  A R T  R E V I E W

For personal use only 	 13 of 14

138	 Bogan RK, Bornemann MA, Kushida CA, Trân PV, Barrett RW. XP060 Study 
Group. Long-term maintenance treatment of restless legs syndrome with 
gabapentin enacarbil: a randomized controlled study. Mayo Clin Proc 
2010;85:512-21. doi:10.4065/mcp.2009.0700 pmid:20511481.

139	 Lal R, Ellenbogen A, Chen D, et al. A randomized, double-blind, placebo-
controlled, dose-response study to assess the pharmacokinetics, 
efficacy, and safety of gabapentin enacarbil in subjects with restless 
legs syndrome. Clin Neuropharmacol 2012;35:165-73. doi:10.1097/
WNF.0b013e318259eac8 pmid:22664749.

140	 Lee DO, Ziman RB, Perkins AT, Poceta JS, Walters AS, Barrett RW. XP053 
Study Group. A randomized, double-blind, placebo-controlled study 
to assess the efficacy and tolerability of gabapentin enacarbil in 
subjects with restless legs syndrome. J Clin Sleep Med 2011;7:282-
92.pmid:21677899.

141	 Walters AS, Ondo WG, Kushida CA, et al. XP045 Study Group. 
Gabapentin enacarbil in restless legs syndrome: a phase 
2b, 2-week, randomized, double-blind, placebo-controlled 
trial. Clin Neuropharmacol 2009;32:311-20. doi:10.1097/
WNF.0b013e3181b3ab16 pmid:19667976.

142	 Kushida CA, Walters AS, Becker P, et al. XP021 Study Group. A 
randomized, double-blind, placebo-controlled, crossover study of 
XP13512/GSK1838262 in the treatment of patients with primary 
restless legs syndrome. Sleep 2009;32:159-68.pmid:19238802.

143	 Kushida CA, Becker PM, Ellenbogen AL, Canafax DM, Barrett RW. XP052 
Study Group. Randomized, double-blind, placebo-controlled study of 
XP13512/GSK1838262 in patients with RLS. Neurology 2009;72:439-
46. doi:10.1212/01.wnl.0000341770.91926.cc pmid:19188575.

144	 Allen RP, Chen C, Garcia-Borreguero D, et al. Comparison of 
pregabalin with pramipexole for restless legs syndrome. N Engl J Med 
2014;370:621-31. doi:10.1056/NEJMoa1303646 pmid:24521108.

145	 Trenkwalder C, Beneš H, Grote L, et al. RELOXYN Study Group. 
Prolonged release oxycodone-naloxone for treatment of severe restless 
legs syndrome after failure of previous treatment: a double-blind, 
randomised, placebo-controlled trial with an open-label extension. Lancet 
Neurol 2013;12:1141-50. doi:10.1016/S1474-4422(13)70239-
4 pmid:24140442.

146	 Silver N, Allen RP, Senerth J, Earley CJ. A 10-year, longitudinal 
assessment of dopamine agonists and methadone in the treatment of 
restless legs syndrome. Sleep Med 2011;12:440-4. doi:10.1016/j.
sleep.2010.11.002 pmid:21239226.

147	 Silver N, Allen RP, Senerth J, Earley CJ. A 10-year, longitudinal 
assessment of dopamine agonists and methadone in the treatment of 
restless legs syndrome. Sleep Med 2011;12:440-4. doi:10.1016/j.
sleep.2010.11.002 pmid:21239226.

148	 Ondo WG. Methadone for refractory restless legs syndrome. Mov Disord 
2005;20:345-8. doi:10.1002/mds.20359 pmid:15580610.

149	 Hornyak M, Scholz H, Kohnen R, Bengel J, Kassubek J, Trenkwalder C. 
What treatment works best for restless legs syndrome? Meta-analyses 
of dopaminergic and non-dopaminergic medications. Sleep Med Rev 
2014;18:153-64. doi:10.1016/j.smrv.2013.03.004 pmid:23746768.

150	 Garcia-Borreguero D, Patrick J, DuBrava S, et al. Pregabalin versus 
pramipexole: effects on sleep disturbance in restless legs syndrome. 
Sleep 2014;37:635-43.pmid:24899755.

151	 Mitterling T, Heidbreder A, Stefani A, et al. Natural course of restless 
legs syndrome/Willis-Ekbom disease: long-term observation of a 
large clinical cohort. Sleep Med 2015;16:1252-8. doi:10.1016/j.
sleep.2015.05.028 pmid:26429754.

152	 Lipford MC, Silber MH. Long-term use of pramipexole in the management 
of restless legs syndrome. Sleep Med 2012;13:1280-5. doi:10.1016/j.
sleep.2012.08.004 pmid:23036265.

153	 Garcia-Borreguero D, Silber MH, Winkelman JW, et al. Guidelines for the 
first-line treatment of restless legs syndrome/Willis-Ekbom disease, 
prevention and treatment of dopaminergic augmentation: a combined 
task force of the IRLSSG, EURLSSG, and the RLS-foundation. Sleep Med 
2016;21:1-11. doi:10.1016/j.sleep.2016.01.017 pmid:27448465.

154	 Wijemanne S, Jankovic J. Restless legs syndrome: clinical presentation 
diagnosis and treatment. Sleep Med 2015;16:678-90. doi:10.1016/j.
sleep.2015.03.002 pmid:25979181.

155	 Trenkwalder C, Chaudhuri KR, Martinez-Martin P, et al. PANDA study group. 
Prolonged-release oxycodone-naloxone for treatment of severe pain in 
patients with Parkinson’s disease (PANDA): a double-blind, randomised, 
placebo-controlled trial. Lancet Neurol 2015;14:1161-70. doi:10.1016/
S1474-4422(15)00243-4 pmid:26494524.

156	 Mackie S, Winkelman JW. Long-term treatment of restless legs syndrome 
(RLS): an approach to management of worsening symptoms, loss of 
efficacy, and augmentation. CNS Drugs 2015;29:351-7. doi:10.1007/
s40263-015-0250-2 pmid:26045290.

157	 Trenkwalder C, Canelo M, Lang M, et al. Management of augmentation 
of restless legs syndrome with rotigotine: a 1-year observational study. 
Sleep Med 2015;pii:S1389-9457(15)02018-3.pmid:26896370.

158	 Allen RP, Earley CJ. Augmentation of the restless legs syndrome with 
carbidopa/levodopa. Sleep 1996;19:205-13.pmid:8723377.

159	 García-Borreguero D, Allen RP, Kohnen R, et al. International Restless 
Legs Syndrome Study Group. Diagnostic standards for dopaminergic 
augmentation of restless legs syndrome: report from a World Association 
of Sleep Medicine-International Restless Legs Syndrome Study 
Group consensus conference at the Max Planck Institute. Sleep Med 
2007;8:520-30. doi:10.1016/j.sleep.2007.03.022 pmid:17544323.

116	 Hornyak M, Hundemer HP, Quail D, Riemann D, Voderholzer U,  
Trenkwalder C. Relationship of periodic leg movements and severity 
of restless legs syndrome: a study in unmedicated and medicated 
patients. Clin Neurophysiol 2007;118:1532-7. doi:10.1016/j.
clinph.2007.04.001 pmid:17531532.

117	 Hornyak M, Kotterba S, Trendwalder C. Motor System and Sleep Working 
Group, German Sleep Society. Consensus statement from the German 
Sleep Society: indications for performing polysomnography in the 
diagnosis and treatment of restless leg syndrome. Sleep Med 2002;3:457-
8. doi:10.1016/S1389-9457(02)00080-1 pmid:14664245.

118	 Allen RP, Burchell BJ, MacDonald B, Hening WA, Earley CJ. 
Validation of the self-completed Cambridge-Hopkins questionnaire 
(CH-RLSq) for ascertainment of restless legs syndrome (RLS) in a 
population survey. Sleep Med 2009;10:1097-100. doi:10.1016/j.
sleep.2008.10.007 pmid:19195928.

119	 Ferri R, Manconi M, Rundo F, et al. A data-driven analysis of the rules 
defining bilateral leg movements during sleep. Sleep 2016;39:413-21. 
doi:10.5665/sleep.5454 pmid:26414897.

120	 Cippà MA, Baumann CR, Siccoli MM, Bassetti CL, Poryazova R, Werth E. 
Actigraphic assessment of periodic leg movements in patients with 
restless legs syndrome. J Sleep Res 2013;22:589-92. doi:10.1111/
jsr.12053 pmid:23530689.

121	 Chokroverty S. Differential diagnoses of restless legs syndrome/
Willis-Ekbom disease: mimics and comorbidities[xii.]. 
Sleep Med Clin 2015;10:249-62, xii. doi:10.1016/j.
jsmc.2015.05.021 pmid:26329435.

122	 Allen RP, Auerbach S, Bahrain H, Auerbach M, Earley CJ. The 
prevalence and impact of restless legs syndrome on patients with 
iron deficiency anemia. Am J Hematol 2013;88:261-4. doi:10.1002/
ajh.23397 pmid:23494945.

123	 Frauscher B, Gschliesser V, Brandauer E, et al. The severity range of 
restless legs syndrome (RLS) and augmentation in a prospective patient 
cohort: association with ferritin levels. Sleep Med 2009;10:611-5. 
doi:10.1016/j.sleep.2008.09.007 pmid:19200780.

124	 Cook JD. The measurement of serum transferrin receptor. Am J Med 
Sci 1999;318:269-76. doi:10.1016/S0002-9629(15)40630-
5 pmid:10522554.

125	 Högl B, Kiechl S, Willeit J, et al. Restless legs syndrome: a community-
based study of prevalence, severity, and risk factors. Neurology 
2005;64:1920-4. doi:10.1212/01.WNL.0000163996.64461.
A3 pmid:15955944.

126	 Molnar MZ, Novak M, Ambrus C, et al. Restless Legs Syndrome in 
patients after renal transplantation. Am J Kidney Dis 2005;45:388-96. 
doi:10.1053/j.ajkd.2004.10.007 pmid:15685518.

127	 Gemignani F, Marbini A, Di Giovanni G, Salih S, Terzano MG. Charcot-
Marie-Tooth disease type 2 with restless legs syndrome. Neurology 
1999;52:1064-6. doi:10.1212/WNL.52.5.1064 pmid:10102430.

128	 Iranzo A, Comella CL, Santamaria J, Oertel W. Restless legs syndrome in 
Parkinson’s disease and other neurodegenerative diseases of the central 
nervous system. Mov Disord 2007;22(Suppl 18):S424-30. doi:10.1002/
mds.21600 pmid:17534950.

129	 Iannaccone S, Zucconi M, Marchettini P, et al. Evidence of peripheral 
axonal neuropathy in primary restless legs syndrome. Mov Disord 
1995;10:2-9. doi:10.1002/mds.870100103 pmid:7885351.

130	 Winkelman JW. Considering the causes of RLS. Eur J Neurol 
2006;13(Suppl 3):8-14.pmid:16930377.

131	 Högl B, Garcia-Borreguero D, Trenkwalder C, et al. Efficacy and 
augmentation during 6 months of double-blind pramipexole for 
restless legs syndrome. Sleep Med 2011;12:351-60. doi:10.1016/j.
sleep.2010.12.007 pmid:21354368.

132	 Allen RP, Chen C, Winkelman J, et al. Long-term efficacy and augmenation 
assessment of an α2δ ligand (pregabalin) compared with a dopamine 
agonist (pramipexole) in restless legs syndrome: results of a randomized, 
double-blind, placebo-controlled trial. 16th International Congress of 
Parkinson's Disease and Movement Disorders, Dublin, Ireland, 2012.

133	 Garcia-Borreguero D, Grunstein R, Sridhar G, et al. A 52-week open-
label study of the long-term safety of ropinirole in patients with 
restless legs syndrome. Sleep Med 2007;8:742-52. doi:10.1016/j.
sleep.2006.09.009 pmid:17512789.

134	 García-Borreguero D, Högl B, Ferini-Strambi L, et al. Systematic evaluation 
of augmentation during treatment with ropinirole in restless legs 
syndrome (Willis-Ekbom disease): results from a prospective, multicenter 
study over 66 weeks. Mov Disord 2012;27:277-83. doi:10.1002/
mds.24889 pmid:22328464.

135	 Hening WA, Allen RP, Ondo WG, et al. SP792 Study Group. Rotigotine 
improves restless legs syndrome: a 6-month randomized, double-blind, 
placebo-controlled trial in the United States. Mov Disord 2010;25:1675-
83. doi:10.1002/mds.23157 pmid:20629075.

136	 Trenkwalder C, Benes H, Poewe W, et al. SP790 Study Group. Efficacy 
of rotigotine for treatment of moderate-to-severe restless legs 
syndrome: a randomised, double-blind, placebo-controlled trial. Lancet 
Neurol 2008;7:595-604. doi:10.1016/S1474-4422(08)70112-
1 pmid:18515185.

137	 Inoue Y, Hirata K, Uchimura N, Kuroda K, Hattori N, Takeuchi M. 
Gabapentin enacarbil in Japanese patients with restless legs 
syndrome: a 12-week, randomized, double-blind, placebo-
controlled, parallel-group study. Curr Med Res Opin 2013;29:13-21. 
doi:10.1185/03007995.2012.746217 pmid:23121149.



S TAT E  O F  T H E  A R T  R E V I E W

For personal use only 	 14 of 14

167	 Winkelman JW, Armstrong MJ, Allen RP, et al. Practice guideline summary: 
Treatment of restless legs syndrome in adults: Report of the Guideline 
Development, Dissemination, and Implementation Subcommittee of 
the American Academy of Neurology. Neurology 2016;87:2585-93. 
doi:10.1212/WNL.0000000000003388 pmid:27856776.

168	 Trenkwalder C, Hening WA, Montagna P, et al. Treatment of restless 
legs syndrome: an evidence-based review and implications for 
clinical practice. Mov Disord 2008;23:2267-302. doi:10.1002/
mds.22254 pmid:18925578.

169	 Aurora RN, Kristo DA, Bista SR, et al. American Academy of Sleep 
Medicine. The treatment of restless legs syndrome and periodic limb 
movement disorder in adults--an update for 2012: practice parameters 
with an evidence-based systematic review and meta-analyses: an 
American Academy of Sleep Medicine Clinical Practice Guideline. Sleep 
2012;35:1039-62.pmid:22851801.

170	 Garcia-Borreguero D, Ferini-Strambi L, Kohnen R, et al. European Federation 
of Neurological Societies European Neurological Society European Sleep 
Research Society. European guidelines on management of restless 
legs syndrome: report of a joint task force by the European Federation 
of Neurological Societies, the European Neurological Society and the 
European Sleep Research Society. Eur J Neurol 2012;19:1385-96. 
doi:10.1111/j.1468-1331.2012.03853.x pmid:22937989.

171	 Ferré S, Earley C, Gulyani S, Garcia-Borreguero D. In search of alternatives 
to dopaminergic ligands for the treatment of restless legs syndrome: iron, 
glutamate, and adenosine. Sleep Med 2016;pii:S1389-9457(16)30214-
3.pmid:27899234.

160	 Heim B, Djamshidian A, Heidbreder A, et al. Augmentation and 
impulsive behaviors in restless legs syndrome: Coexistence 
or association?Neurology 2016;87:36-40. doi:10.1212/
WNL.0000000000002803 pmid:27261093.

161	 García-Borreguero D. Dopaminergic augmentation in restless 
legs syndrome/Willis-Ekbom disease: identification and 
management[xiii.]. Sleep Med Clin 2015;10:287-92, xiii. doi:10.1016/j.
jsmc.2015.05.020 pmid:26329438.

162	 Mitterling T, Frauscher B, Falkenstetter T, et al. Is there a 
polysomnographic signature of augmentation in restless legs 
syndrome?Sleep Med 2014;15:1231-40. doi:10.1016/j.
sleep.2014.05.023 pmid:25129261.

163	 Allen RP, Ondo WG, Ball E, et al. Restless legs syndrome (RLS) 
augmentation associated with dopamine agonist and levodopa usage 
in a community sample. Sleep Med 2011;12:431-9. doi:10.1016/j.
sleep.2011.03.003 pmid:21493132.

164	 Trenkwalder C, Högl B, Benes H, Kohnen R. Augmentation in restless 
legs syndrome is associated with low ferritin. Sleep Med 2008;9:572-4. 
doi:10.1016/j.sleep.2007.07.020 pmid:17921065.

165	 Ondo W, Romanyshyn J, Vuong KD, Lai D. Long-term treatment of restless 
legs syndrome with dopamine agonists. Arch Neurol 2004;61:1393-7. 
doi:10.1001/archneur.61.9.1393 pmid:15364685.

166	 Cornelius JR, Tippmann-Peikert M, Slocumb NL, Frerichs CF, Silber MH. 
Impulse control disorders with the use of dopaminergic agents in 
restless legs syndrome: a case-control study. Sleep 2010;33:81-
7.pmid:20120624.


