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ABSTRACT 

Purpose of review. The purpose of this review article is to summarize and discuss the recent 

advances in the treatment of restless legs syndrome (RLS), as well as REM sleep behavior disorder 

(RBD) and periodic leg movement disorder (PLMD). and other sleep-related movement disorders. 

Recent findings. Traditionally, dopaminergic therapy has been considered the sole option for 

first-line treatment of RLS due to their impressive acute efficacy. Dopamine agonists such as oral 

pramipexole and ropinirole, as well as transdermal rotigotine are all effective treatment options. 

However, augmentation of the RLS symptoms is a major limitation of oral dopaminergic therapy. 

Recently, gabapentinoid agents such as gabapentin enacarbil and pregabalin have shown 

comparable short term efficacy to dopaminergics with lower risk of augmentation of the RLS 

symptoms. Recent evidence on the efficacy of oxycodone-naloxone in treatment-resistant RLS 

provides an additional therapeutic avenue. The increasing understanding of the role of iron in RLS 

pathophysiology has led to new options in iron supplementation therapy in RLS, including 

treatment with ferric carboxymaltose. 

Summary. With emerging evidence of augmentation being a side effect specific to 

dopaminergic treatment, gabapentinoids are considered a safer option as initial treatment. In severe 

refractory RLS, oxycodone-naloxone can be used. If iron stores are low, IV iron formulations 

should be the initial treatment choice. New treatment options are needed to address issues with 

current therapies. 
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INTRODUCTION 

Restless legs syndrome (RLS) is the most common sleep-related movement disorder. It 

typically manifests as an urge to move together with uncomfortable feeling in the calves and thighs. 

The feeling is precipitated by evening- and nighttime inactivity and relieved by movement of the 

legs, preventing rest and sleep. The diagnosis is based on a physician diagnostic interview 

addressing these core symptoms [1]. Clinically significant RLS, requiring daily treatment, has a 

prevalence of 2.7 % in European and North American populations [2], while being much less 

frequent in Africa and Asia[3, 4]. The pathological mechanism of RLS is largely unknown, but 

different hypotheses suggest the involvement of the embryonal development of the basal ganglia 

[5], brain iron intake [6] or spinal circuitry [7]. 

RLS is a highly hereditary disorder, associated with several genetic loci in genome-wide 

association studies [8]. In addition the disease appearance and phenotype is also heavily affected by 

changes in metabolism and the internal environment, such as renal failure or pregnancy [9]. The 

susceptibility of an individual to RLS is therefore dependent on both environmental and genetic 

influences, in a way where early onset familial cases have a high genetic but lower environmental 

burden. RLS in patients with multiple comorbidities, on the other hand, have a low genetic burden 

but require higher environmental burden to trigger the disease [9]. 

Patients suffering from RLS may experience severe discomfort, decreased sleep quality and 

quality of life as well as psychiatric symptoms including anxiety and depression [10]. In addition, 

inadequate treatment of RLS contributes a large financial burden to the society [11]. Therefore the 

development of new, effective therapy for RLS is of great importance. In this review, we 

summarize the existing evidence for different therapeutic approaches in the treatment of RLS. 

 

METHODS 
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We conducted a comprehensive search of literature on PubMed from 1982 to June 2018 with 

the following search terms: [“restless legs syndrome” AND treatment], [(“REM sleep behavior 

disorder” OR “Rapid eye movement sleep behavior disorder”) AND treatment]”and [“periodic leg 

movement disorder” AND treatment]. Reports discussing therapeutic interventions on any of these 

disorders, including case reports for emerging therapies, were included in the review process. Only 

English language reports were included in the review. 

 

RLS: PHARMACOLOGICAL TREATMENT 

The main pharmacological treatment options for RLS are summarized in Table 1. 

Dopaminergic treatment 

Historically, levodopa was the first effective treatment to be discovered for RLS [12], 

establishing the efficiency of dopaminergic agents in RLS. While the discovery of levodopa was of 

great importance, leading the way in RLS research, the use of levodopa/carbidopa formulations has 

reduced over time. Currently, levodopa is only recommended to be used intermittently in the 

treatment of RLS [13]. Instead, longer-acting dopaminergic agents are used. After levodopa, both 

ergot and non-ergot-derived dopamine agonists were studied in the context of RLS. Due to the 

serious cardiac risks associated with the ergot-derived substances pergolide and cabergoline [14], 

only non-ergot dopamine agonists are currently recommended. Therefore, pramipexole, ropinirole 

and rotigotine are currently the most commonly used dopamine agonists for the treatment of RLS. 

Pramipexole is a D3 receptor preferential dopamine agonist whose efficacy in the treatment of 

RLS has been established in numerous trials [15–17]. Like most dopamine agonists in low doses, 

pramipexole is well tolerated, the most common adverse effects reported in clinical trials being 

headache, nausea and fatigue [16]. The efficacy of pramipexole in RLS has been demonstrated by 

large randomized clinical trials, showing the superiority of pramipexole at doses ranging from 0.125 

mg/day to 0.75 mg/day over placebo for up to 12 weeks [18, 19]. In addition to the subjective RLS 
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symptoms, pramipexole also effectively suppresses PLM [20], often associated with RLS, but may 

not improve the fragmentation of sleep [21]. Pramipexole may also be beneficial when targeting the 

quality of life of the patients [19], or the comorbid psychiatric symptoms such as depression or 

anxiety[22] although scarce data exists. 

The receptor profile of ropinirole is very similar to that of pramipexole with slightly lower 

affinity to the D3 receptor, but higher binding affinity to the 5-HT1A receptor. The efficacy of 

ropinirole in the treatment of RLS and its side effect profile are therefore also comparable to those 

of pramipexole [23], although no direct comparative trials have been performed. In clinical trials, 

ropinirole at doses of 0.25-4.0 mg/day have been demonstrated to be effective in suppressing RLS 

symptoms in both North American and European populations [24]. Similar to pramipexole, 

ropinirole is effective when targeting the quality of life of the RLS patients [25] and suppressed 

PLM [26]. In addition, ropinirole has been shown to improve sleep parameters in polysomnographic 

studies [27]. 

Rotigotine is another dopamine agonist with demonstrated efficacy in the treatment of RLS 

[28, 29]. The receptor profile of rotigotine is wider than those of pramipexole and ropinirole, with a 

higher affinity to D1 and D5 dopamine receptors, in addition to the D2 and D3 receptors [30]. 

Rotigotine is delivered by transdermal patches, which provides a more stable release of the 

substance over time. Due to the delivery method, skin reactions on the site of application are a 

common reason for discontinuation of therapy [29]. In a six-month double-blind randomized trial, 

rotigotine was shown to be effective in treating moderate to severe RLS at doses 1-3 mg/day [31]. 

Rotigotine was also shown to restore the quality-of-life of the RLS patients in the same trial. 

Another 6-month trial only showed efficacy superior to placebo at doses of 2-3 mg/day [29]. In an 

open label follow-up study, the efficacy of rotigotine was shown to persist for up to five years, 

providing the longest-term evidence of RLS treatment to date [32]. 
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The major limitation of dopaminergic therapy in RLS is a specific, iatrogenic side effect 

called augmentation. Augmentation can be identified during dopaminergic treatment by the 

reappearance of the subjective RLS symptoms, manifesting with more intensity, appearing earlier 

during the day or spreading to further body parts as compared to the symptoms before starting the 

treatment [33]. The highest risk is seen during treatment with levodopa, where an estimate of 27.1% 

of patients develops augmentation [34]. With oral dopamine agonists, the rate is lower but still 

significant, 6% [34]. During treatment with rotigotine, the augmentation rate seems to be slightly 

lower (4%) than with oral dopamine agonists [32], but the lack of prospective studies with equally 

long follow-up period on pramipexole and ropinirole make direct comparisons difficult. Due to the 

risk of augmentation, special monitoring is advised when prescribing dopamine agonists and 

levodopa for RLS [35]. To prevent the development of augmentation, other first line treatment 

options, such as alpha-2-delta ligands may be considered at the start of treatment in countries where 

they are approved for the treatment of RLS (see Table 1). 

Gabapentinoids 

The gabapentinoid drugs are ligands of the alpha-2-delta subunit of a subset of voltage-gated 

calcium channels. They are primarily anticonvulsants, also frequently used in the treatment of 

neuropathic pain. Gabapentin was the first alpha-2-delta ligand to be studied in clinical trials for 

treatment of RLS, and the efficacy has been demonstrated in multiple reports since then. In a small 

double-blind RCT, it was shown to be efficacious for up to six weeks with a mean effective dose of 

1,855 mg/day [36]. However, due to the limited and unpredictable bioavailability of gabapentin, 

especially at higher doses, a prodrug gabapentin enacarbil was developed and research focus shifted 

to the new formulation. In controlled trials, gabapentin enacarbil has proven to be efficacious in the 

treatment of RLS in both North American and Japanese populations for up to 12 weeks at doses of 

600-1200 mg/day [37, 38]. 
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Pregabalin, another gabapentinoid drug, is also used off-label to treat RLS. In one of the only 

comparative trials conducted in RLS, a 300 mg daily dose of pregabalin was compared to 0.25mg 

and 0.5 mg daily doses of pramipexole, as well as to placebo [16]. Pregabalin was shown to be 

superior to placebo and comparable to both doses of pramipexole in efficacy at 12 weeks of 

treatment. A 52-week follow-up demonstrated a significantly lower rate of augmentation compared 

to pramipexole 0.5mg (2.1% vs. 7.7%, p=0.001). In addition, pregabalin has showed superior 

improvement of sleep quality, measured as wakefulness after sleep onset, compared to pramipexole 

[39]. Small dose-finding trials suggest that pregabalin may be beneficial for RLS already at lower 

doses [40, 41]. The most common adverse events with pregabalin were dizziness, somnolence and 

fatigue, the total occurrence of adverse events being comparable to pramipexole [16].  

Due to the similar efficacy and lower risk of augmentation, recent treatment guidelines 

recommend gabapentinoids as first-line treatment as an option to dopamine agonists [13]. However, 

although the augmentation rates have been demonstrated to be lower than those of dopamine 

agonists for one year after treatment [16], the lack of longer-term prospective studies with both oral 

dopamine agonists and gabapentinoids limits our ability to draw final conclusions yet. In addition, 

the off label status of gabapentinoids in the treatment of RLS in most countries (see Table 1) limits 

their usage as first line therapy. 

Opioids 

The only opioid formulation studied in a large-scale trial for RLS is oxycodone-naloxone. A 

randomized, double-blind, controlled trial of 12 weeks with a 40-week open label extension was 

performed across several European countries [42]. At doses ranging from 5.0mg/2.5mg to 

40mg/20mg (oxycodone/naloxone) twice a day, the formulation was shown to reduce IRLS severity 

significantly better than placebo. The trial included patients with severe RLS, inadequately treated 

with previous treatment. Due to the risks of addiction and abuse, oxycodone-naloxone is only 
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recommended as a therapeutical option in patients with severe RLS whose treatment with dopamine 

agonists and gabapentinoids has already failed. 

The evidence for other opioids is more limited. Oxycodone has been studied in a small 

controlled trial, with promising results [43]. In addition, two open label studies using methadone to 

treat RLS [44, 45] have been published. A retrospective analysis of the medical records of three 

large hospitals identified 113 patients who had received opioid therapy either alone or in 

combination with another formulation [46]. Six different opioids were observed, including 

oxycodone, codeine, propoxyphene and methadone. Opioids were observed to have a long-term 

efficacy in treating RLS, but monitoring was warranted for the development of sleep apnea, based 

on polysomnographic findings. 

Iron preparations 

Iron is an essential element of a healthy diet, an integral part of a number of biological 

processes, including dopamine synthesis. The prevalence of RLS in patients suffering from iron 

deficiency anemia is high, up to 23.9% of the patients [47], leading to the hypothesis that iron plays 

a major role in the pathophysiology of RLS [6]. Indeed the transport of iron from the blood 

circulation, through the blood brain barrier into the central nervous system could be impaired in 

RLS, leading to low iron levels in the substrantia nigra [48]. This is hypothesized to generate the 

RLS symptoms through activation of hypoxic response pathways in the central nervous system. 

The correlation between iron parameters and RLS symptoms lead to testing oral iron 

supplements as RLS treatment. In a double-blind controlled study, however, no significant 

amelioration of RLS symptoms was observed after treatment with 325mg oral ferrous sulfate for 12 

weeks [49]. Although previous anecdotal findings suggested opposing results [50], it is likely that 

oral iron does not provide sufficient benefit in RLS, at least in patients that are already iron-

sufficient. This could be due to the very low absorption of iron in the healthy, iron-sufficient gut. 
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Due to this issue, intravenous iron supplements have emerged as an alternative way of iron 

delivery. Intravenous iron sucrose has been studied in two different trials. One randomized, double-

blind study in idiopathic RLS was interrupted due to inadequate power and lack of clinically 

significant treatment effect [51]. Another study was finished and showed a positive treatment effect 

in the acute phase as well as in long-term follow-up [52]. This study was performed in patients with 

low ferritin, indicating iron deficiency. This may indicate that iron sucrose could be beneficial in 

RLS patients with low iron stores, but not in those that have sufficient levels of peripheral iron. 

However, more evidence is required to confirm this. In addition, high molecular weight iron dextran 

has been studied as treatment for RLS, but due to a considerable incidence of anaphylactic shock, it 

is not considered safe enough to justify the risk. 

An alternative iron formulation, ferric carboxymaltose (FCM), designed to deliver iron in a 

more controlled manner without releasing extensive ionic iron into the serum, has been the most 

recent development in iron therapy for RLS. In controlled trials, FCM (1000mg or 2x500mg 

infusions) was shown to reduce RLS severity for up to six weeks after the infusion [53, 54]. 

However, a recent trial with a similar dose in patients with non-anemic iron deficiency suggested 

that the efficacy of FCM may take up to 12 weeks to be detectable in clinical trials [55]. A lower 

dosage of 500mg, on the other hand, showed a lack of efficacy [56], suggesting that lowering the 

dose from 1000mg is not possible. 

 

RLS: NON-PHARMACOLOGICAL TREATMENT 

Although not studied as thoroughly as pharmacological therapy, some evidence exists for the 

efficacy of non-pharmacological treatment of RLS. A double-blind randomized trial was able to 

demonstrate the superiority of pneumatic compression devices against sham devices in treating RLS 

[57]. However, this being a small single trial, the evidence should not be considered sufficient to 
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conclude on the efficacy of the devices. In addition to compression, near-infrared light therapy[58], 

acupuncture [59] and vibration [60] pads have been studied in smaller trials. 

Another potential non-pharmacological treatment strategy for RLS is exercise. Although the 

mechanism of exercise in RLS is not known, it has been studied as a treatment option in idiopathic 

RLS as well as RLS patients on hemodialysis. In idiopathic RLS patients, exercise was shown to 

significantly improve RLS symptoms in a small study [61]. However, the severity of the symptoms 

was lower than most treatment trials, and some of the patients were on concomitant medication. In 

hemodialysis patients, exercise may be beneficial both as the only therapy [62] and together with a 

small dose of a dopamine agonist [63]. In this subgroup of patients, often displaying severe 

symptoms, exercise is one of the only treatment strategies studied extensively, and should be always 

considered as a potential therapy. 

 

RLS: EMERGING TREATMENT 

The potential of adenosine-targeting agents has arisen from the recent findings that the 

adenosinergic system in the brain may play a major role in the pathogenesis of RLS [64]. Indeed, in 

a small open label study, dipyridamole improved the IRLS severity in moderate to severe RLS 

patients by 12.7 units at a dose of 100-400 mg [65]. In addition, dipyridamole was effective in 

suppressing PLM and was well tolerated. Despite the promising results, further double-blind trials 

are needed to determine if the adenosinergic system can be targeted effectively and safely in the 

treatment of RLS. 

In a recent genome wide association meta-analysis, an association was discovered between 

RLS and a genetic locus near the gene CRBN [8]. CRBN encodes the protein cereblon, part of a 

ubiquitin ligase complex also binding to MEIS2, another candidate gene for RLS. Thalidomide, an 

old drug previously indicated for sleeplessness among other conditions, and used nowadays as an 
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anti-cancer drug, targets cereblon. Therefore, thalidomide may be considered another potentially 

emerging treatment option for RLS. 

 

REM SLEEP BEHAVIOR DISORDER  

REM sleep behavior disorder (RBD), although classified as a parasomnia, another movement 

disorder affectingaffects sleep through abnormal movement behavior, and is therefore briefly 

commented on here., Ttypically RBD manifests as a lack of muscle atonia during REM sleep 

together with complex nocturnal motor behavior. The anomalous and sometimes violent behavior is 

often interpreted as dream enactment. The prevalence of RBD is higher in men and in elderly 

populations. RBD is diagnosed with a polysomnography (PSG) performed most often in a sleep 

laboratory. In most cases, the diagnosis of RBD precedes the later development of α-

synucleinopathies, neurogenerative diseases resulting from the noxious aggregation of alpha-

synuclein in neurons. These diseases include Parkinson’s disease and multiple system atrophy and 

dementia with Lewy bodies. 

The published research on the treatment of RBD has recently been reviewed in this journal 

[66]. In that review, it was determined that the two treatment options that have been studied in 

detail, melatonin and clonazepam, are equally effective in the treatment of RBD. Clonazepam, a 

benzodiazepine, appears a good candidate for the treatment of RBD since it reduces motor activity 

during sleep, but does not restore REM sleep atonia, in a disease mouse model. While it was indeed 

able to reduce potentially dangerous motor activity in an open-label study in human patients, further 

evidence is needed to determine its efficacy. Melatonin reduced the epochs of REM sleep without 

atonia by 39% in a randomized crossover study [67]. In a survey study, melatonin and clonazepam 

were equally effective in the treatment of RBD, although melatonin was better tolerated than 

clonazepam [68]. 
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Since the publication of the previous review, no new treatment trials in RBD have been 

published. 

 

PERIODIC LIMB MOVEMENT DISORDER 

Periodic leg movement disorder (PLMD) is a sleep disorder characterized by excessive PLM 

during sleep. The leg movements, often associated with both cortical and autonomic arousals [69], 

may reduce sleep quality by not allowing sufficient amounts of slow-wave sleep during the night. 

This can lead to daytime sleepiness and reduced work capacity. PLMD is diagnosed with a 

polysomnography, where EMG is recorded on one or both tibialis anterior muscles. Leg movements 

are then detected according to established guidelines [70] and an index of the number of leg 

movements per hour of sleep is calculated. The disorder should not be confused with RLS, which is 

characterized by subjective daytime symptoms. 

Because most RLS medication is also effective in suppressing PLM, the treatment of PLMD 

follows the treatment or RLS. Dopaminergic therapy has an impressive acute effect on PLM already 

after the first administration, both ropinirole and pramipexole suppressing most PLM [26]. In 

addition, pregabalin has been shown to reduce the elevated PLM arousal index in RLS patients with 

comparable effect to pramipexole [39]. 
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Table 1. Summary of the pharmaceutical therapeutical options for RLS. 

 

Substance Effective dose Application Approval for RLS 
Most common 
adverse effects Notes Cost 

Levodopa/benserazide 
100/25-200/50 
mg/day Oral 

Parts of EU (100-200 
mg/day) 

Headache, nausea, 
fatigue 

Only recommended for 
intermittent RLS Inexpensive 

Pramipexole 
0.25-0.75 
mg/day Oral 

EU, USA, Japan 
(0.25-0.75 mg/day) 

Headache, nausea, 
fatigue 

Requires monitoring for 
augmentation Inexpensive 

Ropinirole 0.5-4.0 mg/day Oral 
EU, USA, Japan (0.5-
4.0 mg/day) 

Headache, nausea, 
fatigue 

Requires monitoring for 
augmentation Inexpensive 

Rotigotine 1.0-3.0 mg/day Transdermal 
EU, USA, Japan (1.0-
3.0 mg/day) 

Skin reactions, nausea, 
headache 

Requires monitoring for 
augmentation Expensive 

Pregabalin 150-300 mg/day Oral Off-label 
Dizziness, somnolence, 
fatigue 

 
Expensive 

Gabapentin enacarbil 
600-1200 
mg/day Oral USA, Japan (600 mg) 

Dizziness, somnolence, 
headache 

 
Expensive 

Oxycodone-naloxone 2x5-2x20 mg/day Oral 
EU (2x5-2x10 
mg/day) 

Fatigue, constipation, 
nausea 

 
Expensive 

Ferric carboxymaltose 1000 mg IV Off-label 

Diarrhea, infections, 
decreased blood 
phosphorous 

Effective in iron-
insufficient RLS patients Expensive 

 


