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s u m m a r y

Restless legs syndrome (RLS) is defined as an irresistible urge to move the legs, which is usually
accompanied by paresthesias or dysesthesias at least twice weekly, and affects 2%e4% of adults in Europe
and North America. This systematic review assesses the current complementary and alternative options
for RLS and the potential benefits of those treatments on sleep quality, mood disorder, and quality of life.
A systematic search of the PubMed, Embase, Cochrane, and Web of Science databases was conducted.
Eighteen studies met the inclusion criterion, which included the use of the international RLS study group
criteria. Complementary and alternative therapies have been found to be effective in both primary and
secondary RLS. The severity of primary RLS symptoms can be significantly ameliorated by exercise
training, transcutaneous spinal direct current stimulation, pneumatic compression devices, light therapy,
repetitive transcranial magnetic stimulation, and acupuncture. Pneumatic compression devices and yoga
also improve RLS-related disorders. Exercise training is highly efficacious in the reduction of symptom
severity in uremic RLS and related effects such as poor quality of life. Endovenous laser ablation may be a
good choice for patients with concurrent RLS and superficial venous insufficiency.

© 2017 Elsevier Ltd. All rights reserved.
Introduction

Restless legs syndrome (RLS) is defined as an irresistible urge to
move the legs. It is usually accompanied by paresthesia and dys-
esthesia, and the symptoms can be partly or totally relieved by
physical activity [1e7]. Patients with RLS describe the sensory
discomfort using terms such as pain, tingling, creeping, burning,
bugs, electricity, or nervousness [8]. It varies in symptom frequency,
severity, and duration. The effects of RLS on the ability to function
range from minor annoyance to negative effects on work, social
activities, and emotional well-being [9]. However, sleep disruption
induced by RLS and daytime fatigue are the most common reasons
for seeking medical advice [10].

Bothersome RLS affects 2%e4% of adults in Europe and North
America at least twice weekly and is more common among
women [11,12]. RLS is associated with female gender, pregnancy,
the First Affiliated Hospital of
uzhong District, Chongqing,
elderly age, poor health, lower socioeconomic status, and positive
family history [13e18]. It can occur in an idiopathic form or
secondary to other conditions such as renal failure, iron defi-
ciency, pregnancy, or particular medications [19]. The patho-
physiology of RLS is still unclear, although it is believed to result
from iron deficiency and dopamine imbalance in the central
nervous system [20].

Therapies for RLS can be divided into pharmacological and non-
pharmacological treatments. Three dopamine agonists (ropinirole,
pramipexole, and rotigotine) and one calcium channel alpha-2delta
receptor ligand (gabapentin enacarbil) are currently approved by
the Food and Drug Administration for pharmacological treatment
of moderate to severe RLS [9]. Various clinical trials [1e7] that have
examined the efficacy of physiotherapy in the non-pharmacological
treatment of RLS have demonstrated that it can alleviate the clinical
symptoms. However, no systematic review has been published
addressing the effectiveness and safety of non-pharmacological
treatment for the relief of RLS symptoms. Hence, this systematic
review was conducted to evaluate the efficacy and safety of com-
plementary and alternative therapies for RLS, based on scientific
evidence.
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Abbreviations

EECP enhanced external counter pulsation
ELA endovenous laser ablation
HD hemodialysis
IRLS International restless legs syndrome rating scale
PCDs pneumatic compression devices
PLM periodic limb movements
PLMI periodic leg movements index
PLMS periodic limb movements in sleep
PLMW periodic limb movements in wake
PSQI Pittsburgh sleep quality index
QoL quality of life
RCT randomized controlled trial
RLS restless legs syndrome
rTMS repetitive transcranial magnetic stimulation
SVI superficial venous insufficiency
tDCS transcranial direct current stimulation
tsDCS transcutaneous spinal direct current stimulation
VAS visual analogue scale
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Methods

Data sources and search strategy

A systematic search of the PubMed, Embase, Cochrane, andWeb
of Science databases using the search terms ‘restless leg*’or ‘RLS’
was conducted in August 2016 to identify available data sources for
complementary and alternative therapies for RLS. Only papers in
English were included in the review. Further relevant trials were
obtained by manually searching the conference abstracts and
reference lists of all identified related publications to avoid omit-
ting relevant randomized controlled trials (RCTs).

Selection criteria

Studies were identified based on the following criteria. i) RCTs
involving individuals with a diagnosis of RLS defined by the inter-
national restless legs syndrome study group [1]. If no such criteria
were specified, the study had to present explicitly predefined
diagnostic criteria for the selection of participants. ii) RCTs evalu-
ating all complementary and alternative therapies for the treat-
ment of primary or secondary RLS. iii) RCTs comparing
complementary and alternative therapies with placebo or phar-
macological treatments; we also included trials that compared a
combined non-pharmacological plus pharmacological treatment
with the same pharmacological treatment alone. iv) The study re-
ported validated RLS symptom or quality of life (QoL) scale scores,
visual analogue scale (VAS) scores, clinician and patient global
impact scale scores, and measures of mood or sleep quality.

The exclusion criteria were as follows: i) reviews, animal trials,
and duplicate secondary analyses; ii) case studies, dissertations,
and studies that were unavailable in English; iii) unavailable or
incomplete outcome data.

Outcome measures

Primary outcomes included relief of restless legs symptoms
measured by the International restless legs syndrome rating scale
(IRLS) or other scales such as the VAS. Secondary outcomes
included the relief of periodic leg movements index (PLMI), sleep
disturbance, depression, and QoL scales.
Data extraction

Two reviewers independently reviewed whether trials fulfilled
the inclusion criteria by assessing the titles and abstracts of each
paper. Potential studies were then retrieved in full and verified for
eligibility. Data extracted from the RCTs included the study designs,
participants' characteristics, and outcomes. Disagreements and
discrepancies were resolved via discussion or following arbitration
by a third reviewer if necessary.

Results

The initial database search identified 1849 papers. Of these, only
18 studies met our inclusion criteria and were included in this
systematic review. Twelve trials focused on primary RLS and the
other six on secondary RLS.
Complementary and alternative therapies for primary RLS
involved aerobic exercise training (n ¼ 1), electrical stimulation
(n ¼ 3), vibratory stimulation (n ¼ 1), enhanced external counter
pulsation (EECP) (n ¼ 1), pneumatic compression devices (PCDs)
(n ¼ 1), light therapy (n ¼ 2), repetitive transcranial magnetic
stimulation (rTMS) (n ¼ 1), acupuncture (n ¼ 1), and yoga (n ¼ 1).
The most common form of physiotherapy tested in uremic RLS was
exercise training (n ¼ 5), basically consisting of continuous low to
medium aerobic exercise on a cycle ergometer. Only endovenous
laser ablation (ELA) has been evaluated for venous-related RLS.
Among the 18 trials included in our study, 16 discussed the severity
of illness, four discussed motor symptoms, eight discussed sleep
quality, three discussed mood disorders, and four discussed QoL.

Efficacy of complementary and alternative therapies on RLS
symptom severity

Primary RLS
Our literature search for RCTs of complementary and alternative

therapies for primary RLS symptom severity yielded 11 references
covering eight treatment options that met our inclusion criteria
(Table 1).

Exercise. RLS symptoms typically occur during periods of inactivity
and are generally alleviated, at least temporarily, by movement



Table 1
The outcomes of complementary and alternative therapies for primary RLS.

Study Study design Intervention Duration Treatment groups Intervention vs.
placebo(n)

Primary outcomes Secondary outcomes adverse effects

Altunrende 2014 [32] Randomized, double-
blind, sham-controlled
trial

rTMS Four weeks rTMS vs. sham
stimulation

11 vs. 8 Parallel:58%
improvement in IRLS
score
Crossover:78%
improvement in IRLS
score

NR No side effects

Aukerman 2006 [2] Randomized controlled
trial

Aerobic and resistance
exercise/three times
per week

12 wk Exercise vs. control 11 vs. 17 39% improvement in
IRLS score

NR Knee pain (9%)

Heid 2014 [23] Double-blind, placebo-
controlled study

tsDCS 15 min Anodal vs. cathodal vs.
Sham

20 vs. 20 vs. 20 t1: anodal:42%
improvement in VAS
score
cathodal:26%
improvement in VAS
score
t2: anodal:32%
improvement in VAS
score
cathodal: no significant
effects

NR No side effects

Innes 2012 [51] Randomized, controlled
study

Yoga Eight weeks Yoga vs. educational
film

8 vs. 10 NR 59 %improvement in
PSQI; 75% reductions in
prevalence of
insomnia; 78%
reductions in
depression

Mild, temporary muscle
soreness (38%)

Koo 2015 [24] Double-blind,
randomized, sham-
controlled trial

tDCS Two week Cathode vs. anodal vs.
Sham

10 vs. 10 vs. 11 No significant
difference among the
groups

No significant
difference in PSQI and
BDI-II among the
groups

Itching sensation (22%),
pain (13%), fatigue (9%),
tingling sensation (6%),
burning sensation (6%),
headache (6%)

Lettieri 2009 [3] Randomized, double-
blind, sham-controlled
trial

PCDs Four weeks PCDs vs. sham PCDs 21 vs. 14 59% improvement in
IRLS score and 48%
improvement in JHRLSS
score

26% improvement in
RLS-QLI; 42%
improvement in ESS;
47% improvement in
fatigue

NR

Mitchell 2011 [30] Randomized controlled
trial

Near-infrared light Four weeks Near-infrared light vs.
sham treatment

17 vs. 17 52% improvement in
IRLS score

NR NR

Mitchell 2011 [31] Randomized controlled
trial

Two near-infrared light Four weeks Anodyne vs. health
light

11 vs. 13 44% vs. 52%
improvement in IRLS
score

NR NR

Montagna 1984 [27] Randomized,
controlled, crossover
trial

Vibratory stimulation One week Vibratory stimulation
vs. placebo

6 vs. 6 No significant
improvement in
severity of RLS

No significant effect in
leg jerking and leg
dysaesthesia

NR

Pan 2015 [35] Randomized, single-
blind sham-controlled
study

Acupuncture Six weeks Standard acupuncture
vs. randomized
acupuncture

15 vs. 16 25% vs. 6%
improvement in IRLS
score

25% improvement in
nocturnal activity; 22%
improvement in early
sleep activity; 16%
improvement in ESS

No side effects

Rajaram 2006 [29] Randomized, double-
blind placebo-
controlled study

EECP Seven weeks EECP vs. placebo EECP 4 vs. 2 No significant
improvement in IRLSS
score between the
groups

No significant
improvement in sleep
efficiency and PLMI
between the groups

NR
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[21]. Somewebsites advocate light tomoderate exercise to alleviate
RLS symptoms, although there is only Class III evidence to support
this recommendation in the clinical guidelines [2,22]. To date, only
one study has examined the effectiveness of aerobic and resistance
exercise on the symptoms of primary RLS [2]. The interventionwith
exercise lasted for 12 wk and resulted in a 39% improvement in RLS
severity assessed by the IRLS. The improvement in RLS symptoms
appeared to show a ceiling effect at six weeks, with no further
significant improvement thereafter. However, as these conclusions
were based on only one study, future studies are necessary to
further address the effects of exercise on the symptoms of RLS.

Electrical stimulation. Heide et al. were the first to use trans-
cutaneous spinal direct current stimulation (tsDCS) to reduce
pathologically enhanced spinal excitability to ameliorate the clin-
ical symptoms of RLS [23]. In this study, 20 patients with idiopathic
RLS received one session of cathodal, anodal, or sham stimulation
of the thoracic spinal cord for 15 min (2.5 mA) in a randomized
order. The application of anodal and cathodal stimulation led to a
short-lasting improvement in VAS scores for restless legs symp-
toms compared with sham stimulation, and no side effects were
reported except for a slight sensation beneath the electrodes.

Based on the pathophysiology of a hyperexcitable somatosen-
sory cortex in people with RLS, a two-week, double-blind, ran-
domized, sham-controlled trial was carried out in 2015 [24].
However, transcranial direct current stimulation (tDCS) with elec-
trodes on the sensorimotor areas showed no significant effect in
people with drug-naïve RLS, and an itching sensation was the most
common adverse effect. Notably, the negative results might have
been caused by the strong placebo effect of tDCS stimulation, which
is known to activate both dopamine and endogenous opioid pep-
tides, which are related to the treatment of RLS, in the nucleus
accumbens [25].

A randomized crossover study measured the effect of external
sensory stimulation on RLS severity [26]. By coincidence, Rozeman
et al. were not able to show a significant improvement in RLS
symptoms on VAS scores after the appliance of an external tactile
and/or proprioceptive electrical stimulus. However, they did find a
small trend toward lower VAS scores in conditions with external
sensory stimulus and recommended further investigation.

Vibratory stimulation. In a 1984 study [27], patients applied a small
electrically driven battery-operated mechanical vibrator (4.5 V,
120 Hz) to one sural region for at least 15 min each night before
going to sleep. The vibratory stimulation of the lower limbs, which
mainly activates muscle spindle afferent discharges, failed to exert
a pronounced and significant effect. However, we should stress that
the stimulation was only applied for one week, and thus its long-
term efficacy remains to be assessed.

Enhanced external counter pulsation. EECP is an adjunctive means
of improving coronary blood flow by increasing the venous return
to the heart during diastole, and was reported to improve RLS
symptoms significantly in an open-label study [28]. However, a
subsequent small short-term RCT (n ¼ 6) conducted by Rajaram
et al. found that EECP treatment did not show a short- or long-term
improvement in RLS symptoms compared with placebo [29].

Pneumatic compression devices. In addition to EECP, PCDs for
enhancing venous and lymphatic drainage have also been assessed
in the treatment of RLS. Lettieri and colleagues [3] enrolled 21
treatment subjects and 14 sham subjects in their study of thera-
peutic PCDs applied for four weeks. Therapeutic subjects reported a
significant reduction of 58.62% in RLS severity and one third re-
ported complete relief, compared with none of the subjects using



X.-M. Xu et al. / Sleep Medicine Reviews 38 (2018) 158e167162
sham devices. Potential explanations for the effect were that
vascular compression from PCDs stimulates the release of endo-
thelial mediators, or improves local perfusion to relieve subclinical
ischemia. Regardless, it seems that PCDs are a promising thera-
peutic option for RLS that deserves further research.

Light therapy. Near-infrared light treatment to the lower legs
significantly improved RLS symptoms in an RCT conducted in 2006
[30]. Four weeks of treatment resulted in a mean decrease of 12.7
(±7.7) in IRLS scores in the treatment group compared with a
decline of 4.4 (±3.6) in the control group. There was also a steady
improvement in RLS symptoms. The purported mechanism for this
response could be the vasodilatory effect of nitric oxide. Subse-
quently, Lettieri et al. initiated a clinical study to assess whether
different wavelengths and frequencies influenced the effectiveness
of the treatment [31]. It is interesting that the wavelengths and
frequencies had no effect on the outcome, and the two near-
infrared light devices both produced a considerable improvement
in RLS symptoms after four weeks of treatment, confirming the
previous findings by Rajaram et al.

Repetitive transcranial magnetic stimulation. RTMS is a non-
invasive technique that is used to alter brain functions by
improving cortical plasticity, and can be used in various neuro-
logical disorders [32,33]. A randomized double-blinded study
evaluated the effect of high-frequency (5 Hz) rTMS over the sup-
plementary motor area on RLS symptoms in idiopathic RLS pa-
tients [32]. This small trial reported a statistically significant
improvement in IRLS scores in the real stimulation group (n ¼ 11)
but not the sham stimulation group (n¼ 8) after the fifth and tenth
sessions. In addition, the IRLS scores of five patients who received
both sham and real stimulation did not change with the sham
stimulation, whereas a significant improvement was seenwith the
real stimulation. This study is still ongoing and there are plans to
include a larger sample size and extend the time between sessions
to determine the best interval for rTMS administration. We look
forward to the results.

Acupuncture. Acupuncture is an ancient healing art that has been
an integral part of traditional Chinese medicine for over 2000 y
[34,35]. In recent years, acupuncture has been shown to be a
remarkably effective and well-tolerated agent for the treatment of
serious neurological and psychiatric diseases [34,36e40]. The effi-
cacy of acupuncture on primary RLS symptoms was investigated in
a prospective single-blind sham-controlled trial [35]. The results
were very promising, as standard acupuncture significantly
improved IRLS scores (�5.5 vs.�1.4) in RLS patient without any side
effects. The acupoints used in patients of the standard group were
Shenshu, Mingmen, Xuehai, Chenshan, Taichun, Zusanli, Sanyinjiao,
and Taixi.

Uremic RLS
The prevalence of RLS in hemodialysis (HD) patients is almost

30%, which is significantly higher than in the general population
[41]. Despite the high prevalence and the great impact of the syn-
drome on HD patients, limited data are available regarding phys-
iotherapy treatment options to reduce RLS symptoms. The
literature to date only includes studies that used exercise training
as an intervention. The silver lining is that the effect of exercise
training in HD patients has been studied more thoroughly than in
idiopathic patients, and has been found to be a safe and effective
approach for uremic RLS (Table 2).

Exercise. The first study to investigate the influence of exercise
training on RLS in HD patients was conducted by Sakkas et al., in
2008 [4]. The exercise training regime consisted of 45 min of
continuous cycling using a bedside cycle ergometer at 45e50 rpm
during the HD session. The exercise resistance was set between
65% and 75% of the patient's maximum power capacity (watts).
The results showed that 16 wk of aerobic exercise training was
safe and efficacious in reducing uremic RLS symptoms, and IRLS
scores improved by up to 42%. A similar RCT was subsequently
conducted [5], and the 16-wk exercise training in uremic RLS
patients again reduced the RLS symptom severity by 28%, con-
firming the previous findings.

As exercise training has been shown to improve RLS symptoms
in uremic RLS patients, Giannaki and colleagues conducted a trial to
investigate whether the improvement is due to the expected
adaptation to systemic exercise or to the relief that leg movements
confer while exercising on a cycle ergometer [6]. Their data showed
that RLS symptom severity declined by 58% in the progressive
aerobic exercise training group, while 17% in the control group
performed the exercise with no added resistance. This result in-
dicates that chronic exercise-induced adaptations ameliorate the
symptoms rather than the acute relief conferred by leg movements.
Hence, to achieve substantial improvements in RLS symptoms with
exercise training, uremic patients should preferably exercise with a
certain amount of resistance applied.

Another study compared the effectiveness of exercise training
with dopamine agonist treatment for reducing the severity of
uremic RLS [7]. A six-month exercise training regime (46%
improvement) was as effective as a six-month low dose dopamine
agonist treatment (54% improvement) in reducing RLS symptoms,
whereas there was no significant change in IRLS scores in the pla-
cebo group (6% improvement).

RLS with superficial venous insufficiency

Endovenous laser ablation. As venous disease has been proposed as
a cause of RLS [42], Hayes et al. [43] conducted a randomized,
unblinded, controlled trial to examine the effect of ELA in patients
with concurrent RLS and duplex-proven superficial venous insuf-
ficiency (SVI). Their results showed that ELA of the refluxing su-
perficial axial veins and sclerotherapy of the associated varicosities
alleviated or eliminated RLS symptoms in patients with moderate
to very severe RLS and SVI, which suggests that venous disease
plays some role in RLS. Therefore, all RLS patients should be eval-
uated for venous insufficiency and those that are diagnosed with
SVI should be referred for ELA before initiation or continuation of
drug therapy.

Effects of complementary and alternative therapies on aspects of
motor symptoms

Between 80% and 90% of RLS patients also present with
increased stereotypic repetitive movements called periodic limb
movements (PLM) [1,44,45]. These movements may occur during
waking (PLMW) or sleeping (PLMS), and have been used for
assessing the severity of RLS [46]. In addition, PLMS is reported
to be an independent predictor of mortality in hemodialysis
patients [47].

Primary RLS
The first study that used the periodic limb movement index

(PLMI) as a measure of severity in the physiotherapy treatment of
RLS was published in 2006 [29]. In this study, EECP treatment
failed to show a marked effect upon PLMS and its associated
arousals in RLS patients. Subsequently, the next few articles were
also attention to use the PLMI or activity levels to assess the
severity of RLS.
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In a randomized crossover study that evaluated the effect of
external sensory stimulation on RLS [26], patients who suffered
from PLMWunderwent three consecutive immobilization tests in a
random order: no electrical stimulation, tactile and provocative
sensory stimulation, and tactile sensory stimulation only. However,
the PLMI did not detect any significant differences between the
different immobilization tests.

Fortunately, in a 2015 study by Pan et al. [35], standard
acupuncture significantly improved patients' scores on the IRLS and
significantly decreased their scores for nocturnal activity (31.34 vs.
10.18) and early sleep activity (36.07 vs. 8.57) compared with ran-
domized acupuncture. It seems that acupuncture could serve as an
effective approach in the treatment of RLS movement symptoms;
however, the mechanism of its effect on RLS symptoms remains
unknown.

Uremic RLS
The only study to date that has examined the potential benefi-

cial effects of complementary and alternative therapies on the
motor symptoms of uremic patients with RLS focused on aerobic
exercise [48]. A single bout of either light or heavy exercise was
shown to be equally effective in significantly reducing PLM/hHD in
hemodialysis patients with RLS, by 34% and 29%, respectively, and
was well tolerated. This was the first study to show that acute
intradialytic aerobic exercise, independent of intensity, could
effectively reduce the motor symptoms during hemodialysis in
patients with uremic RLS.

Effects of complementary and alternative therapies on aspects of
sleep quality

According to the literature, sleep loss is the most common
presenting complaint of patients seeking medical care for RLS
[49,50], and is considered the greatest contributor to the negative
effects on patients' QoL [11]. Therefore, the effects of complemen-
tary and alternative therapies on sleep aspects of RLS are discussed
below.

Primary RLS
A trial investigating the efficacy of TDCS in people with drug-

naïve RLS reported a significant decrease in the Pittsburgh sleep
quality index (PSQI), but there was no significant difference be-
tween TDCS and sham stimulation [24]. Similarly, vibratory stim-
ulation, another physical approach, also failed to show a significant
effect on the subjective quality of sleep in a randomized trial
published in 1984 [27]. The first study to use polysomnography to
assess the quality of sleep unfortunately reported that EECP did not
improve RLS patients' rapid eye movement sleep and slow wave
sleep compared with a placebo [29]. These negative results seem to
argue against the role of physiotherapy treatments in RLS-related
sleep disorders, but it should be noted that the sample size of
these studies were too small to draw a firm conclusion and further
studies should be encouraged.

Fortunately, two complementary and alternative approaches
did show a positive effect on the quality of sleep in RLS patients.
PCDs are convenient devices for patients to operate, and a trial
performed by Lettieri et al. [3] showed that they improved sleep
quality more than sham devices (16% versus 8%, respectively) with
no adverse reactions. Yoga, a popular ancient mind-body disci-
pline, has also been shown to be effective in improving RLS-
related sleep disorders [51]. It was proposed as a particularly
promising non-pharmacological therapy for older women with
RLS based on the results of the trial with 20 postmenopausal
women randomized to receive either an eight-week yoga or
educational film program. The yoga group demonstrated
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significantly greater improvement than controls on several do-
mains of the PSQI (�5.14 vs. �1.25), a greater reduction in the
prevalence of insomnia (75% vs. 30%), and a greater increase in
average sleep duration (1.61 vs. �0.12 h). However, the mecha-
nisms underlying the improvements observed in this study
remain speculative, and larger controlled trials are needed to
confirm the benefits of yoga in this and other adult populations
with RLS and to evaluate the potential underlying mechanisms.

Uremic RLS
In the first trial that investigated the effect of exercise training

on uremic RLS [4], in line with the improvement in IRLS scores,
aerobic training for 16 wk also had a positive effect on the quality
of sleep, with a 50% decrease in sleep diary scores in the exercise
group. The outcomes of that study were confirmed by a more
recent study by Giannaki et al. [6], which showed that a six-month
intradialytic progressive aerobic exercise training regime was safe
and beneficial in improving sleep quality compared with a no-
resistance exercise (control) group (�1.8 vs. �1.3). Meanwhile,
the changes in sleep quality in the progressive exercise group
correlated strongly with the respective changes in Kt/V (dialysis
efficiency), indicating a possible association of HD adequacy with
sleep, possibly mediated by the known favorable systemic effects
of exercise. Whereas exercise training, also at an intensity of 60%e
65% of the patient's maximal exercise capacity, failed to improve
subjective sleep quality in the comparative study by Giannaki
et al., in 2013 [7].

Effects of complementary and alternative therapies on aspects of
mood disorders

Apart from damaged sleep quality, RLS has been linked to sub-
stantial impairment in mood and health and is associated with
significant societal and economic burdens [52e54]. Mood disorders
are also considered an important contributor to the poor QoL of
patients with RLS [52].

Primary RLS
In an eight-week RCT published in 2012 [51], a yoga program

was proposed as a safe and effective intervention for improving
depression (decrease 78%) and anxiety (decrease 85%) in post-
menopausal women with RLS. The mechanisms underlying the
improvements with yoga remain speculative, and it may improve
mood by reducing the activity of the sympathetic nervous system
and hypothalamicepituitaryeadrenal axis, or by increasing the
inhibitory neurotransmitter GABA. In another trial performed by
Koo et al. [24], tDCS with electrodes on the sensorimotor areas
failed to show a significant effect on depression because of the
strong placebo effect.

Uremic RLS
Three articles investigated the effect of exercise training on

aspects of mood disorders in patients with uremic RLS. In all of
these trials, patients' depression levels were assessed using the
self-report scale developed by Zung. The first study conducted by
Sakkas et al. showed that aerobic training for 16 wk failed to
improve the depression symptoms of uremic RLS patients [4]. In
the following studies, exercise training showed a positive role in
mood disorders related to uremic RLS. In one six-month trial [6],
an intradialytic progressive aerobic exercise training regime
improved depression scores by 24% compared with 2% in the no-
resistance exercise training group. In another six-month trial [7],
an aerobic exercise training treatment was proven to be equal to a
low dosage dopamine agonist treatment in improving depression
scores in uremic patients (19.06% vs. 15.84%). In contrast, a sig-
nificant deterioration in depression symptoms was detected in the
placebo group, clearly showing the negative effect that RLS can
have if left untreated.

Effects of complementary and alternative therapies on QoL

Primary RLS
It is well known that moderate to severe RLS can greatly reduce

a patient's QoL and has a significant social cost, with a 20%e50%
loss of work productivity [55,56]. Meanwhile, considering that
augmentation, which has a considerable impact on patients, often
occurs during pharmacological treatment, complementary and
alternative therapy may be a good substitute for improving RLS
patients' QoL. However, only one RCT investigated the role of
complementary and alternative treatment on the QoL in individuals
with primary RLS. In that trial [3], PCDs produced greater im-
provements in all QoL domains and in the severity of illness than
sham devices. PCDs seem to be an effective adjunctive or alterna-
tive therapy for primary RLS that deserves further research. Un-
fortunately, no data exist regarding the effect of other
complementary and alternative treatments such as yoga on the QoL
of RLS patients.

Uremic RLS
It is known that the end-stage renal disease population is

characterized by a very low QoL and it is suggested that the
accompanying uremic RLS symptoms have an additional detri-
mental effect [57e59]. Suitable ways to alleviate their RLS symp-
toms and improve their QoL are urgently needed.

In a study published in 2008 [4], a 16-wk aerobic exercise
training regimen significantly improved the QoL of patients with
RLS undergoing dialysis using the SF-36 QOL questionnaire.
Furthermore, the data showed a 25% improvement in patients' QoL,
which mainly because of their poor quality of sleep and inadequate
rest. Similarly, the study performed by Giannaki et al. showed a
statistically significant improvement in the physical component of
QoL, while the changes in the mental component did not reach
statistically significant levels [7]. However, a 16-wk RCT that
enrolled 26 hemodialysis patients did not find a significant effect of
aerobic exercise on the QoL of RLS patients compared with those in
control group [5].

In general, aerobic exercise training is suggested as an effective
intervention for improving the QoL of patients with end-stage renal
disease and future studies with more patients are recommended to
confirm this conclusion. Meanwhile, as both the symptom severity
and the effects of RLS on various health and QoL parameters are
significantly worse in the uremic form than the idiopathic form of
the syndrome [60,61], studies investigating other physiotherapy
approaches are also needed.

Discussion and conclusion

The results of this systematic review revealed that the severity
of primary RLS symptoms can be significantly ameliorated by
complementary and alternative options such as exercise training,
tsDCS, PCDs, light therapy, rTMS, and acupuncture. With regard to
secondary RLS, the application of intradialytic exercise training has
consistently been shown to be highly efficacious in the reduction of
uremic RLS symptom severity, and ELA has been proven to alleviate
or relieve RLS symptoms in patients with RLS and SVI. As for the
motor symptoms of RLS, ancient acupuncture was observed to
significantly decrease nocturnal activity and early sleep activity
in primary RLS patients; and aerobic exercise, independent of



Practice points

1) Significant reductions in primary RLS symptom severity

were observed in studies using exercise training, trans-

cutaneous spinal direct current stimulation (tsDCS),

pneumatic compression devices (PCDs), light therapy,

repetitive transcranial magnetic stimulation (rTMS), and

acupuncture.

2) PCDs and yoga were found to improve RLS-related

disorders.

3) Intradialytic exercise training has been shown to be

highly efficacious in the reduction of uremic RLS symp-

tom severity and RLS-related disorders such as poor

QoL.

4) Endovenous laser ablation (ELA) may alleviate or relieve

RLS symptoms in patients with RLS and superficial

venous insufficiency (SVI).

Research agenda

1) Large, long-term complementary and alternative studies

are encouraged to further confirm the effects on RLS

symptoms.

2) The effects of each complementary and alternative

approach on various QoL related parameters such as

depression and sleep should be investigated.

3) Other complementary and alternative approaches used

for the treatment of primary RLS should be investigated

in uremic RLS patients because the condition is signifi-

cantly worse in these patients than in idiopathic RLS

patients, and the preliminary data on complementary

and alternative therapies for primary RLS are very

promising.

4) RCTs comparing complementary and alternative treat-

ments with pharmacological treatments, and comparing

non-pharmacological therapy plus pharmacological

treatment with the same pharmacological treatment

alone are also needed to help instruct the clinical choice

suitable treatment plan.

* The most important references are denoted by an asterisk.
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intensity, was suggested to effectively reduce the PLM/hHD in ure-
mic RLS patients.

We also reviewed the complementary and alternative treat-
ment options for improving aspects of sleep quality, mood dis-
order, and QoL. Interestingly, the application of PCDs and yoga
were suggested to improve the sleep quality of primary RLS. Yoga
was also proposed as an effective intervention for improving
mood in postmenopausal women with RLS, and PCDs seemed to
improve all QoL domains. Unfortunately, as no further data exist
regarding the effect of other complementary and alternative
treatments on the QoL of RLS patients, it was not possible to
provide a comprehensive review of this important domain, which
is closely related to RLS.

Notably, apart from the effect of exercise training on symptom
severity, it is well known that this type of non-pharmacological
approach can also confer many beneficial effects on RLS-related
PLM, poor sleep, depression, and low QoL, underlining the po-
tential value of this type of intervention on uremic patients' overall
mental and physical health. The mechanism(s) by which exercise
training could ameliorate RLS symptomatology is still unclear. A
possible explanation might lie in the recognized effect of exercise
on the b-endorphin system [62]. b-endorphins are opioids that
promote a sense of well-being and pain relief. The pathophysi-
ology of RLS is related to a defective opioid system in the brain in
this type of patient [63], while treatment with opioids resulted in a
successful improvement of RLS symptom severity [64]. Interest-
ingly, in a recent study, b-endorphin levels were found to
be reduced in the thalamus of patients with idiopathic RLS
[65], supporting the hypothesis of endogenous opioid system
involvement in the pathogenesis of the syndrome. In addi-
tion, independently from the transmitter system involved, the
benefits of RLS symptom severity observed with aerobic exercise
may arise through improvements in brain blood flow [66] and
HD efficiency [7].

Medicines, especially dopamine agonists, are the most
commonly used treatment for RLS [67e69]. However, long-term
therapy with a constantly increasing dosage of drugs is associ-
ated with the “augmentation phenomenon” and often requires
interruption of the therapy [67,70]. On the contrary, no augmen-
tation phenomena or serious adverse effects were observed with
complementary and alternative treatment in either idiopathic or
secondary RLS patients based on the previous data. It is plausible
to incorporate physical therapy such as exercise into current
practice in addition to pharmacological treatment as a mono-
therapy or a complementary measure in the management of RLS
disorders.

Based on the currently available evidence, we would recom-
mend exercise training, tsDCS, PCDs, light therapy, rTMS, or
acupuncture in the treatment of primary RLS, exercise training in
uremic RLS, and ELA in RLS with SVI. Yoga and PCDs should be
considered as options to improve the quality of sleep in primary
RLS patients with insomnia. For postmenopausal women with
RLS, yoga may be a good choice as it is reported to significantly
reduce both sleep and mood disturbance without adverse
effects. Moreover, as PCDs are convenient and seem to be effec-
tive in improving RLS symptom severity and all QoL do-
mains, they represent a very promising adjunctive or alternative
therapy for RLS.

It should be noted that insufficient research has been conducted
on many of the complementary and alternative approaches
reviewed here to verify their treatment effects on RLS, and hence
the level of evidence is weak. The preliminary data on comple-
mentary and alternative medicines are very promising, but larger
and longer-term therapy studies are necessary before these ap-
proaches are routinely prescribed for RLS.
Conflicts of interest

The authors have no conflicts of interest to disclose.
Acknowledgments

This workwas supported by the National Key Clinical Specialties
Construction Program of China for Neurology [The First Affiliated
Hospital of Chongqing Medical University; grant no. (2014)27], as
well as natural science foundation project of Chongqing science and
technology commission (ID: cstc 2016jcy jA0423)
References

[1] Allen RP, Picchietti D, Hening WA, Trenkwalder C, Walters AS, Montplaisi J,
et al. Restless legs syndrome: diagnostic criteria, special considerations, and
epidemiology. A report from the restless legs syndrome diagnosis and

http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1


X.-M. Xu et al. / Sleep Medicine Reviews 38 (2018) 158e167166
epidemiology workshop at the National Institutes of Health. Sleep Med
2003;4:101e19.

[2] Aukerman MM, Aukerman D, Bayard M, Tudiver F, Thorp L, Bailey B. Exercise
and restless legs syndrome: a randomized controlled trial. J Am Board Fam
Med JABFM 2006;19:487e93.

*[3] Lettieri CJ, Eliasson AH. Pneumatic compression devices are an effective
therapy for restless legs syndrome: a prospective, randomized, double-
blinded, sham-controlled trial. Chest 2009;135:74e80.

[4] Sakkas GK, Hadjigeorgiou GM, Karatzaferi C, Maridaki MD, Giannaki CD,
Mertens PR, et al. Intradialytic aerobic exercise training ameliorates symp-
toms of restless legs syndrome and improves functional capacity in patients
on hemodialysis: a pilot study. ASAIO J Am Soc Artif Intern Organs 1992
2008;54:185e90.

[5] Mortazavi M, Vahdatpour B, Ghasempour A, Taheri D, Shahidi S,
Moeinzadeh F, et al. Aerobic exercise improves signs of restless leg syndrome
in end stage renal disease patients suffering chronic hemodialysis. Scientific
World J 2013;2013:628142.

*[6] Giannaki CD, Hadjigeorgiou GM, Karatzaferi C, Maridaki MD, Koutedakis Y,
Founta P, et al. A single-blind randomized controlled trial to evaluate the
effect of 6 months of progressive aerobic exercise training in patients with
uraemic restless legs syndrome. Nephrol Dial Transplant Off Publ Eur Dial
Transpl Assoc e Eur Ren Assoc 2013;28:2834e40.

*[7] Giannaki CD, Sakkas GK, Karatzaferi C, Hadjigeorgiou GM, Lavdas E,
Kyriakides T, et al. Effect of exercise training and dopamine agonists in pa-
tients with uremic restless legs syndrome: a six-month randomized, partially
double-blind, placebo-controlled comparative study. BMC Nephrol 2013;14:
194.

[8] Becker PM. Diagnosis of restless leg syndrome (Willis-Ekbom disease). Sleep
Med Clin 2015;10:235e40. xii.

*[9] Wilt TJ, MacDonald R, Ouellette J, Khawaja IS, Rutks I, Butler M, et al. Phar-
macologic therapy for primary restless legs syndrome: a systematic review
and meta-analysis. JAMA Intern Med 2013;173:496e505.

[10] Trenkwalder C, Paulus W. Restless legs syndrome: pathophysiology, clinical
presentation and management. Nat Rev Neurol 2010;6:337e46.

[11] Allen RP, Stillman P, Myers AJ. Physician-diagnosed restless legs syndrome in
a large sample of primary medical care patients in western Europe: preva-
lence and characteristics. Sleep Med 2010;11:31e7.

[12] Allen RP, Walters AS, Montplaisir J, Hening W, Myers A, Bell TJ, et al. Restless
legs syndrome prevalence and impact: REST general population study. Arch
Intern Med 2005;165:1286e92.

[13] Phillips B, Young T, Finn L, Asher K, Hening WA, Purvis C. Epidemiology of
restless legs symptoms in adults. Arch Intern Med 2000;160:2137e41.

[14] Barriere G, Cazalets JR, Bioulac B, Tison F, Ghorayeb I. The restless legs syn-
drome. Prog Neurobiol 2005;77:139e65.

[15] Ohayon MM, O'Hara R, Vitiello MV. Epidemiology of restless legs syndrome: a
synthesis of the literature. Sleep Med Rev 2012;16:283e95.

[16] Yeh P, Walters AS, Tsuang JW. Restless legs syndrome: a comprehensive
overview on its epidemiology, risk factors, and treatment. Sleep Breath ¼
Schlaf Atmung 2012;16:987e1007.

[17] Becker PM, Novak M. Diagnosis, comorbidities, and management of restless
legs syndrome. Curr Med Res Opin 2014;30:1441e60.

[18] Askenasy N, Askenasy JJ. Restless leg syndrome in neurologic and medical
disorders. Sleep Med Clin 2015;10:343e50. xv.

[19] de Oliveira MM, Conti CF, Valbuza JS, de Carvalho LB, do Prado GF. The
pharmacological treatment for uremic restless legs syndrome: evidence-
based review. Mov Disord Off J Mov Disord Soc 2010;25:1335e42.

[20] Einollahi B, Izadianmehr N. Restless leg syndrome: a neglected diagnosis.
Nephro-urol Mon 2014;6:e22009.

[21] Restless legs syndrome: detection and management in primary care. National
heart, lung, and blood institute working group on restless legs syndrome. Am
Fam Physician 2000;62:108e14.

[22] Garcia-Borreguero D, Ferini-Strambi L, Kohnen R, O'Keeffe S, Trenkwalder C,
Hogl B, et al. European guidelines on management of restless legs syndrome:
report of a joint task force by the European federation of neurological soci-
eties, the European neurological society and the European sleep research
society. Eur J Neurol 2012;19:1385e96.

*[23] Heide AC, Winkler T, Helms HJ, Nitsche MA, Trenkwalder C, Paulus W, et al.
Effects of transcutaneous spinal direct current stimulation in idiopathic
restless legs patients. Brain Stimul 2014;7:636e42.

[24] Koo YS, Kim SM, Lee C, Lee BU, Moon YJ, Cho YW, et al. Transcranial direct
current stimulation on primary sensorimotor area has no effect in patients
with drug-naive restless legs syndrome: a proof-of-concept clinical trial.
Sleep Med 2015;16:280e7.

[25] Enck P, Benedetti F, Schedlowski M. New insights into the placebo and
nocebo responses. Neuron 2008;59:195e206.

[26] Rozeman AD, Ottolini T, Grootendorst DC, Vogels OJ, Rijsman RM. Effect of
sensory stimuli on restless legs syndrome: a randomized crossover study.
J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med 2014;10:893e6.

[27] Montagna P, Sassoli de Bianchi L, Zucconi M, Cirignotta F, Lugaresi E. Clo-
nazepam and vibration in restless legs syndrome. Acta Neurol Scand
1984;69:428e30.

[28] Rajaram SS, Shanahan J, Ash C, Walters AS, Weisfogel G. Enhanced external
counter pulsation (EECP) as a novel treatment for restless legs syndrome
(RLS): a preliminary test of the vascular neurologic hypothesis for RLS. Sleep
Med 2005;6:101e6.
[29] Rajaram SS, Rudzinskiy P, Walters AS. Enhanced external counter pulsation
(EECP) for restless legs syndrome (RLS): preliminary negative results in a
parallel double-blind study. Sleep Med 2006;7:390e1.

*[30] Mitchell UH, Myrer JW, Johnson AW, Hilton SC. Restless legs syndrome and
near-infrared light: an alternative treatment option. Physiother Theory Pract
2011;27:345e51.

[31] Mitchell UH, Johnson AW, Myrer B. Comparison of two infrared devices in
their effectiveness in reducing symptoms associated with RLS. Physiother
Theory Pract 2011;27:352e9.

[32] Altunrende B, Yildiz S, Cevik A, Yildiz N. Repetitive transcranial magnetic
stimulation in restless legs syndrome: preliminary results. Neurol Sci Off J
Italian Neurol Soc Italian Soc Clin Neurophysiol 2014;35:1083e8.

[33] Strafella AP, Ko JH, Monchi O. Therapeutic application of transcranial mag-
netic stimulation in Parkinson's disease: the contribution of expectation.
NeuroImage 2006;31:1666e72.

[34] Chen L, Houghton M, Seefeld L, Malarick C, Mao J. A survey of selected
physician views on acupuncture in pain management. Pain Med 2010;11:
530e4.

*[35] PanW, Wang M, Li M, Wang Q, Kwak S, Jiang W, et al. Actigraph evaluation of
acupuncture for treating restless legs syndrome. Evidence-based Comple-
ment Altern Med eCAM 2015;2015:343201.

[36] Chen YF, Liu JH, Xu NG, Liang ZH, Xu ZH, Xu SJ, et al. Effects of acupuncture
treatment on depression insomnia: a study protocol of a multicenter ran-
domized controlled trial. Trials 2013;14:2.

[37] Macpherson H, Elliot B, Hopton A, Lansdown H, Richmond S. Acupuncture for
depression: patterns of diagnosis and treatment within a randomised
controlled trial. Evidence-based Complement Altern Med eCAM 2013;2013:
286048.

[38] MacPherson H, Richmond S, Bland M, Brealey S, Gabe R, Hopton A, et al.
Acupuncture and counselling for depression in primary care: a randomised
controlled trial. PLoS Med 2013;10:e1001518.

[39] Sniezek DP, Siddiqui IJ. Acupuncture for treating anxiety and depression in
women: a clinical systematic review. Med Acupunct 2013;25:164e72.

[40] Gao L, ZhangM, Gong H, Bai L, Dai XJ, Min Y, et al. Differential activation patterns
of FMRI in sleep-deprived brain: restoring effects of acupuncture. Evidence-
based complementary and alternative medicine. eCAM 2014;2014:465760.

[41] Murtagh FE, Addington-Hall J, Higginson IJ. The prevalence of symptoms in
end-stage renal disease: a systematic review. Adv Chronic Kidney Dis
2007;14:82e99.

[42] Ekbom KA. Asthenia crurum paraesthetica («Irritable legs«). J Intern Med
1944;118:197e209.

[43] Hayes CA, Kingsley JR, Hamby KR, Carlow J. The effect of endovenous laser
ablation on restless legs syndrome. Phlebology/Venous Forum R Soc Med
2008;23:112e7.

[44] de Weerd AW, Rijsman RM, Brinkley A. Activity patterns of leg muscles in pe-
riodic limb movement disorder. J Neurol Neurosurg Psychiatry 2004;75:317e9.

[45] Zucconi M, Ferri R, Allen R, Baier PC, Bruni O, Chokroverty S, et al. The official
World Association of Sleep Medicine (WASM) standards for recording and
scoring periodic leg movements in sleep (PLMS) and wakefulness (PLMW)
developed in collaboration with a task force from the International Restless
Legs Syndrome Study Group (IRLSSG). Sleep Med 2006;7:175e83.

[46] Hening WA. Subjective and objective criteria in the diagnosis of the restless
legs syndrome. Sleep Med 2004;5:285e92.

[47] Benz RL, Pressman MR, Hovick ET, Peterson DD. Potential novel predictors of
mortality in end-stage renal disease patients with sleep disorders. Am J
kidney Dis Off J Natl Kidney Found 2000;35:1052e60.

[48] Giannaki CD, Sakkas GK, Hadjigeorgiou GM, Karatzaferi C, Patramani G,
Lavdas E, et al. Non-pharmacological management of periodic limb move-
ments during hemodialysis session in patients with uremic restless legs
syndrome. ASAIO J Am Soc Artif Intern Organs 1992 2010;56:538e42.

[49] Hornyak M, Kopasz M, Berger M, Riemann D, Voderholzer U. Impact of sleep-
related complaints on depressive symptoms in patients with restless legs
syndrome. J Clin Psychiatry 2005;66:1139e45.

[50] Hening W, Walters AS, Allen RP, Montplaisir J, Myers A, Ferini-Strambi L.
Impact, diagnosis and treatment of restless legs syndrome (RLS) in a primary
care population: the REST (RLS epidemiology, symptoms, and treatment)
primary care study. Sleep Med 2004;5:237e46.

*[51] Innes KE, Selfe TK. The effects of a gentle yoga program on sleep, mood, and
blood pressure in older women with restless legs syndrome (RLS): a pre-
liminary randomized controlled trial. Evidence-based Complement Altern
Med eCAM 2012;2012:294058.

[52] Reese JP, Stiasny-Kolster K, Oertel WH, Dodel RC. Health-related quality of life
and economic burden in patients with restless legs syndrome. Expert Rev
Pharmacoecon Outcomes Res 2007;7:503e21.

[53] Reinhold T, Muller-Riemenschneider F, Willich SN, Bruggenjurgen B. Eco-
nomic and human costs of restless legs syndrome. PharmacoEconomics
2009;27:267e79.

[54] Earley CJ, Silber MH. Restless legs syndrome: understanding its consequences
and the need for better treatment. Sleep Med 2010;11:807e15.

[55] Allen RP, Bharmal M, Calloway M. Prevalence and disease burden of primary
restless legs syndrome: results of a general population survey in the United
States. Mov Disord Off J Mov Disord Soc 2011;26:114e20.

[56] Garcia-Borreguero D, Benitez A, Kohnen R, Allen R. Augmentation of restless
leg syndrome (Willis-Ekbom disease) during long-term dopaminergic
treatment. Postgrad Med 2015;127:716e25.

http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref1
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref2
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref2
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref2
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref2
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref3
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref3
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref3
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref3
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref4
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref5
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref5
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref5
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref5
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref6
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref7
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref7
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref7
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref7
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref7
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref8
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref8
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref8
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref9
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref9
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref9
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref9
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref10
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref10
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref10
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref11
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref11
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref11
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref11
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref12
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref12
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref12
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref12
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref13
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref13
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref13
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref14
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref14
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref14
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref15
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref15
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref15
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref16
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref16
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref16
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref16
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref17
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref17
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref17
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref18
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref18
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref18
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref19
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref19
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref19
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref19
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref20
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref20
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref21
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref21
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref21
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref21
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref22
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref23
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref23
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref23
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref23
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref24
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref24
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref24
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref24
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref24
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref25
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref25
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref25
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref26
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref26
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref26
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref26
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref27
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref27
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref27
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref27
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref28
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref28
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref28
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref28
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref28
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref29
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref29
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref29
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref29
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref30
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref30
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref30
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref30
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref31
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref31
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref31
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref31
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref32
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref32
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref32
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref32
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref33
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref33
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref33
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref33
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref34
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref34
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref34
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref34
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref35
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref35
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref35
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref36
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref36
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref36
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref37
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref37
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref37
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref37
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref38
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref38
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref38
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref39
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref39
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref39
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref40
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref40
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref40
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref41
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref41
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref41
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref41
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref42
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref42
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref42
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref43
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref43
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref43
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref43
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref44
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref44
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref44
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref45
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref46
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref46
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref46
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref47
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref47
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref47
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref47
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref48
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref48
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref48
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref48
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref48
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref49
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref49
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref49
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref49
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref50
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref50
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref50
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref50
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref50
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref51
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref51
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref51
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref51
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref52
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref52
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref52
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref52
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref53
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref53
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref53
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref53
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref54
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref54
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref54
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref55
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref55
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref55
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref55
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref56
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref56
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref56
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref56


X.-M. Xu et al. / Sleep Medicine Reviews 38 (2018) 158e167 167
[57] Mucsi I, Molnar MZ, Ambrus C, Szeifert L, Kovacs AZ, Zoller R, et al. Restless
legs syndrome, insomnia and quality of life in patients on maintenance
dialysis. Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc e Eur Ren
Assoc 2005;20:571e7.

[58] Giannaki CD, Sakkas GK, Karatzaferi C, Hadjigeorgiou GM, Lavdas E,
Liakopoulos V, et al. Evidence of increased muscle atrophy and impaired
quality of life parameters in patients with uremic restless legs syndrome.
PLoS One 2011;6:e25180.

[59] Giannaki CD, Hadjigeorgiou GM, Karatzaferi C, Pantzaris MC, Stefanidis I,
Sakkas GK. Epidemiology, impact, and treatment options of restless legs
syndrome in end-stage renal disease patients: an evidence-based review.
Kidney Int 2014;85:1275e82.

[60] Gkizlis V, Giannaki CD, Karatzaferi C, Hadjigeorgiou GM, Mihas C,
Koutedakis Y, et al. Uremic versus idiopathic restless legs syndrome: impact
on aspects related to quality of life. ASAIO J Am Soc Artif Intern Organs 1992
2012;58:607e11.

*[61] Sakkas GK, Giannaki CD, Karatzaferi C, Maridaki M, Koutedakis Y,
Hadjigeorgiou GM, et al. Current trends in the management of uremic rest-
less legs syndrome: a systematic review on aspects related to quality of life,
cardiovascular mortality and survival. Sleep Med Rev 2015;21:39e49.

[62] Goldfarb AH, Jamurtas AZ. Beta-endorphin response to exercise. An update.
Sports Med 1997;24:8e16.

[63] von Spiczak S, Whone AL, Hammers A, Asselin MC, Turkheimer F, Tings T,
et al. The role of opioids in restless legs syndrome: an [11C]diprenorphine
PET study. Brain J Neurol 2005;128:906e17.
[64] Walters AS, Winkelmann J, Trenkwalder C, Fry JM, Kataria V, Wagner M, et al.
Long-term follow-up on restless legs syndrome patients treated with opi-
oids. Mov Disord Off J Mov Disord Soc 2001;16:1105e9.

[65] Walters AS, Ondo WG, Zhu W, Le W. Does the endogenous opiate system play
a role in the Restless Legs Syndrome? A pilot post-mortem study. J Neurol Sci
2009;279:62e5.

[66] Petzinger GM, Fisher BE, Van Leeuwen JE, Vukovic M, Akopian G, Meshul CK,
et al. Enhancing neuroplasticity in the basal ganglia: the role of exercise in
Parkinson's disease. Mov Disord off J Mov Disord Soc 2010;25(Suppl. 1):
S141e5.

[67] Vignatelli L, Billiard M, Clarenbach P, Garcia-Borreguero D, Kaynak D,
Liesiene V, et al. EFNS guidelines on management of restless legs syndrome
and periodic limb movement disorder in sleep. Eur J Neurol 2006;13:
1049e65.

[68] Garcia-Borreguero D, Grunstein R, Sridhar G, Dreykluft T, Montagna P, Dom R,
et al. A 52-week open-label study of the long-term safety of ropinirole in
patients with restless legs syndrome. Sleep Med 2007;8:742e52.

[69] Miranda M, Kagi M, Fabres L, Aguilera L, Alvo M, Elgueta L, et al. Pramipexole
for the treatment of uremic restless legs in patients undergoing hemodial-
ysis. Neurology 2004;62:831e2.

*[70] Garcia-Borreguero D, Allen RP, Benes H, Earley C, Happe S, Hogl B, et al.
Augmentation as a treatment complication of restless legs syndrome:
concept and management. Mov Disord Off J Mov Disord Soc 2007;22(Suppl.
18):S476e84.

http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref57
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref58
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref58
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref58
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref58
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref59
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref59
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref59
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref59
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref59
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref60
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref60
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref60
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref60
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref60
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref61
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref61
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref61
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref61
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref61
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref62
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref62
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref62
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref63
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref63
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref63
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref63
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref64
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref64
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref64
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref64
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref65
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref65
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref65
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref65
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref66
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref66
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref66
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref66
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref66
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref67
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref67
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref67
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref67
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref67
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref68
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref68
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref68
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref68
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref69
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref69
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref69
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref69
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref70
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref70
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref70
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref70
http://refhub.elsevier.com/S1087-0792(17)30075-8/sref70

	Complementary and alternative therapies for restless legs syndrome: An evidence-based systematic review
	Introduction
	Methods
	Data sources and search strategy
	Selection criteria
	Outcome measures
	Data extraction

	Results
	Efficacy of complementary and alternative therapies on RLS symptom severity
	Primary RLS
	Exercise
	Electrical stimulation
	Vibratory stimulation
	Enhanced external counter pulsation
	Pneumatic compression devices
	Light therapy
	Repetitive transcranial magnetic stimulation
	Acupuncture

	Uremic RLS
	Exercise

	RLS with superficial venous insufficiency
	Endovenous laser ablation


	Effects of complementary and alternative therapies on aspects of motor symptoms
	Primary RLS
	Uremic RLS

	Effects of complementary and alternative therapies on aspects of sleep quality
	Primary RLS
	Uremic RLS

	Effects of complementary and alternative therapies on aspects of mood disorders
	Primary RLS
	Uremic RLS

	Effects of complementary and alternative therapies on QoL
	Primary RLS
	Uremic RLS


	Discussion and conclusion
	Conflicts of interest
	Acknowledgments
	References


