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SYNOPSIS
Restless Legs Syndrome (RLS) and Periodic Limb Movement Disorder (PLMD) are sleep disorders
that are commonly seen in clinical practice. The standard treatment recommendations for these
disorders are pharmacologic; most recently both conditions are most typically managed with
pramipexole or ropinerole, which are FDA approved for the treatment of RLS. A mix of behavioral
suggestions is included in treatment algorithms for providers as well as in patient education materials.
While these suggestions have considerable merit, they are typically not delivered as an intervention,
but instead provided as a series of helpful tips. There is emerging evidence for providing such
suggestions as a more active and comprehensive intervention as part of a cognitive-behavioral
package as well as for exercise therapy and cognitive behavioral therapy for insomnia to be delivered
as active treatments for RLS and/or PLMD.
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Restless Legs Syndrome (RLS) and Periodic Limb Movement Disorder (PLMD) are sleep
disorders that are commonly seen in clinical practice, both by primary care providers and by
sleep specialists. Unlike the vast majority of movement disorders, these conditions do not
improve with sleep. The standard treatment recommendations for these disorders are
pharmacologic, although behavioral interventions for these conditions are increasingly
recognized, albeit under-utilized.

Restless Legs Syndrome and its Pharmacologic Management
Although the first descriptions of RLS were recorded as early as 1672, Stephen Eckbolm is
largely credited with the first modern report of the condition, identifying 8 patients with the
condition in 1945 [1–2]. Since these earliest accounts, diagnostic criteria for the condition have
been established and refined [3–4]. In the most recent version of the International
Classification of Sleep Disorders, RLS is grouped with other sleep related movement disorders.
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Although this syndrome does not necessarily involve stereotyped movement, RLS is included
among the movement disorders of sleep because of its close association with PLMD and
PLMW (periodic leg movements of wake). RLS has 4 features [5], which include 1) a strong,
“nearly irresistible”, urge to move the legs; 2) the sensations are worsened with inactivity; 3)
the sensations are improved or relieved with movement; and 4) the symptoms are exacerbated
at night.

In clinical practice, not all of these features are necessary to make a diagnosis of RLS; there is
also some variability in how frequently symptoms occur. In children under 12 years of age,
the condition can include probable or definite RLS, and diagnostic criteria are slightly different
[4–5].

This utilitarian description, however, in some ways minimizes the degree of sleep disruption
that many of these patients experience. In some cases, the discomfort is so disruptive that
afflicted patients wander nightly, sometimes for hours, until they finally collapse with
exhaustion. The sensation has been described variably, and some descriptors of the sensation
include “tingling”, “stinging”, or a “creepy-crawly” feeling. In up to 50% of cases, symptoms
are severe enough to involve the upper extremities in addition to (or in rarer circumstances,
instead of) the lower extremities [6].

It is estimated that RLS has an incidence of about 5–15% in the general population, and most
studies suggest it is up to twice as common in women [7–8]. RLS is commonly idiopathic, but
many secondary causes of this condition have been identified. These secondary causes include,
but are not limited to, neuropathy, diabetes, renal dysfunction, spinal stenosis, pregnancy, side
effects from drugs/medications (such as antipsychotics or antiemetics), and iron or vitamin
deficiency. A discussion of the secondary causes of RLS is beyond the scope of this article,
however, a recent online review of RLS includes an extensive discussion [9]. Other, less
common, causes of RLS have also been described. For instance, in a recent case series, 5
patients with Chiari-I malformation were found to have RLS [10]. Some familial cases of RLS
have also been identified, suggesting a genetic component. Indeed, a handful of genetic loci
and polymorphisms of susceptible genes (including the BTBD9 gene) associated with RLS
have been discovered [11–12]. Depending on the cause, symptoms may fluctuate. Pregnancy
is a common example, with many women describing symptoms only during the term of
pregnancy, but never before or after.

There has been some evidence that “idiopathic” Restless Legs Syndrome may actually be a
harbinger of neurodegenerative conditions such as Parkinson’s Disease [13]. Confirmatory
evidence of a definitive relationship between these conditions is lacking. A recent
epidemiologic study also links between RLS and vascular disease [14]. Causality and
directionality in this association has not been firmly established.

The typical workup for RLS includes a diligent clinical encounter with close attention paid to
sleep and past medical history. The physical examination should include a neurologic
examination, particularly of the lower extremities. A comprehensive laboratory workup is of
variable utility. Serum ferritin levels are often drawn, and some practitioners advocate for
supplementing iron if the level is below 50 ug/ml, although currently there are no clinical trials
or even guidelines to support this practice. Although CSF iron studies appear more sensitive
for RLS, a lumbar puncture for such an evaluation is not recommended [15]. Neuroimaging
of the lumbosacral spine and EMG/nerve conduction studies are not indicated in every patient.
Polysomnography is not routinely required in most cases of RLS, and an estimated 10–20%
of patients with RLS will have a polysomnogram free of any remarkable surface EMG finding
[16]. This said, information from a nocturnal PSG can be useful in questionable cases of RLS,
or to identify the degree of sleep disruption from associated nighttime movements. The
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Suggested Immobilization Test (SIT) is a procedure where a patient rates their level of leg
discomfort while surface EMG tracings of leg movements are recorded [17]. This test is used
infrequently in clinical practice.

If a specific cause of RLS is identified, treating the underlying condition can be helpful in
alleviating symptoms. Some examples include addressing any reversible causes of renal
dysfunction, or delivery, when pregnancy is the proximal cause [18]. The relationship between
glucose control and RLS is just beginning to be explored [19].

Treatment for the idiopathic from of RLS is most commonly pharmacologic. Standards of
practice and algorithms for pharmacologic treatment have been developed, but the treatment
landscape has changed since 2004 when these guidelines were published [20–21]. Specifically,
dopamine D2 agonists have become first line treatment for this condition [22]. According to
the American Academy of Sleep Medicine (AASM) 2004 Practice Parameters, levodopa/
carbidopa and pergolide are considered “standards” for treatment [20]. Since that time,
pramipexole and ropinerole have become FDA approved for treating RLS, and many
practitioners use these agents first to treat RLS. Evening administration at doses that are
generally significantly less than what would be required for treatment of Parkinson’s Disease
are usually effective. The most common side effects of these dopamine agonists include nausea
and sleepiness. Dopamine dysregulation syndrome is uncommon, but should be considered
when using dopamine agonists. Other agents that show significant efficacy include, but are not
limited to, gabapentin and clonazepam [23–24]. Side effects to gabapentin include non-specific
drowsiness, nausea, and dizziness, among others. Clonazepam has a longer half-life than many
benzodiazepines, and therefore seems to carry a lower risk of abuse, however, clonazepam
abuse does occur and this possibility remains at least a possible concern.(25) Opiates can also
be quite effective; it is also worth noting that some (although not all) opiates are among the
few RLS agents that are considered to be pregnancy risk category B. Dependency is an
consideration with the use of any opiate. Supplemental iron (oral or intravenous) is sometimes
effective in cases of iron deficiency (ferritin <50 mcg/l), but the evidence for this approach to
date is based on case series, and controlled clinical trials are forthcoming [26–27]. Finally,
magnesium may be a useful treatment in some cases [28–29]. There are few, if any, head to
head clinical trials comparing these agents. A complete discussion on the specific therapeutic
management of RLS is beyond the scope of this review, but considerations of comorbidities,
tolerance, and augmentation, among others, will dictate which agents to use and when.

Periodic Limb Movement Disorder and its Pharmacologic Management
This condition, initially referred to as nocturnal myoclonus, is characterized by nighttime limb
movements during sleep. Sydmonds first described the condition in 1953 [30]. Unlike RLS,
no discomfort in the limbs is necessary for the diagnosis of PLMD. Patients might be
completely unaware of the presence of these movements, were it not for a bed partners’
complaints. Of course, many patients with limb discomfort (of any kind) may also have co-
morbid PLMD. These patients may or may not meet diagnostic criteria for RLS. Most patients
with RLS also have PLMD [16]. PLMD is closely related to Periodic Limb Movements of
Sleep with one significant difference: patients with PLMD have a sleep complaint, such as
insomnia or daytime sleepiness.

PLMD is a relatively uncommon disorder. One study estimated that 3.9% of the adult
population has PLMD, but these cases were identified by self report, and were not confirmed
with polysomnography [31]. PLMD can also occur in children. A 2004 case series suggested
that 23% of prepubertal children presenting to a sleep disorders clinic had periodic limb
movements on polysomnography [32]. As with sleep disordered breathing, the consequence
of nighttime sleep disruption in a pediatric patient may not result in sleepiness, but rather in
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behavioral concerns. Specifically, ADHD symptoms appear to be common in pediatric patients
with nocturnal sleep disruption from PLMD [33].

PLMD is diagnosed through a combination of history along with polysomnographic data.
Again, it is most often a bed partner’s observation that a patient moves during the night.
Particularly astute bed partners may notice that the movements are more likely to occur in the
first half of the night. Non-REM sleep, when leg movements are far more common than in
REM sleep, predominates in the first half of the night. There is variability in the timing of these
movements, however, and many patients’ movements may continue throughout the entire sleep
period.

On polysomnography, surface EMG activity from limb leads is recorded during the night.
Using criteria recently established by the AASM, a limb movement can be scored if it has a
duration 0.5–10 seconds, and has at least an 8 microvolt increase over the baseline resting EMG
amplitude [34]. If four of these movements occur within 5 to 90 seconds, the movements can
be scored as a periodic leg movement series (PLMS). An PLMS index of greater than 15
movements per hour in adults, and greater than 5 in children should arouse suspicion for PLMD
[35]. By strict criteria, movements that are precipitated by respiratory disturbances (such as
apnea) should not be scored, and movements in this setting should not be considered periodic
leg movement disorder. There is ongoing and considerable debate about whether disease
severity, as assessed by PLMS index, has any correlation to patient complaints.

Correlative movements to this EMG activity can sometimes be witnessed using video
monitoring. Classic clinical reports have characterized these movements as a partial or
complete “triple flexion” response, with extension of the great toe, dorsiflexion of the ankle,
and occasional flexion of the knee and hip [36]. The movements, however, can often be more
vigorous, causing significant disruption to a bed partner’s sleep.

Much has been written about clinical significance criteria for PLMD and how many if not most
of these cases do not rise to this level and do not require treatment. [37] Clinical judgment is
often a guide in these cases. If these limb movements are uncovered on polysomnography that
is otherwise devoid of other obvious causes for daytime sleepiness, then they should certainly
be addressed. Many times, however, limb movements on PSG are simply incidental and do
not require treatment.

Because it can be difficult to determine if the limb movements noted on polysomnography are
incidental to sleep complaints, or if they are germane, treatment for PLMD can be more
complicated than for RLS. If there is an identified cause of the PLMD (i.e. arthritis, RLS), then
treatment of the primary condition is recommended. The 2004 AASM guidelines consider
treatment for restless legs syndrome and periodic limb movement of sleep to be one and the
same [20]. The recommendations discuss a host of treatments, but ropinerole and pramipexole
have since become leading agents in treatment of PLMD. Occasionally, several agents might
be tried before an effective one is identified. In the absence of limb discomfort, judging
treatment efficacy can be somewhat challenging. Again, a bed partners’ reports are important
to judge efficacy, as are patient reports of any improvements in sleep continuity and/or daytime
sleepiness or fatigue.

Behavioral Sleep Medicine Interventions for RLS and PLMD
Behavioral sleep medicine (BSM) approaches to RLS and PLMD do exist, but the level of
empirical support for their use is less complete than the body of evidence that exists for the
use of BSM interventions in chronic insomnia, pediatric sleep disorders, and even CPAP
adherence. Nonetheless, some BSM principles are already embedded in the existing treatment
guidelines for RLS and PLMD. As conditions that tend to be chronic, RLS and PLMD are also
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appropriate targets for chronic disease management interventions with which practitioners in
general behavioral medicine will be familiar. There are also some data that support the direct
and targeted treatment of RLS/PLMD with cognitive and behavioral interventions; some being
specific to BSM and others, again, coming from general behavioral medicine.

While pharmacologic management is the standard of care for both RLS and PLMD, treatment
guidelines and algorithms as well as patient information pamphlets highlight a number of non-
pharmacologic suggestions. These are most well-developed for RLS, but most of the
suggestions apply to PLMD as well. The list of such approaches/suggestions can be quite
extensive and detailed [21]. They include eliminating medications that may cause or exacerbate
RLS symptoms especially dopamine blocking agents (e.g. neuroleptics), but also antiemetics
and antihistamines (found in many over-the-counter allergy and sleep aids), as well as avoiding
antidepressants that may cause or exacerbate PLMs, especially the selective serotonin reuptake
inhibitors (SSRIs). Other suggestions include maintaining a healthy weight and diet, getting
moderate exercise, using support groups, and taking a hot bath, cold shower and/or brief walk
before bedtime. With the exception of exercise (reviewed below), none of these suggested is
based on anything other than anecdotal reports. The suggestions also usually mention some
version of employing good sleep hygiene.

In terms of sleep hygiene for RLS/PLMD, there are a two main points that bear highlighting.
First, the avoidance of alcohol, caffeine and nicotine may be underscored because of their
potential contribution to RLS symptoms and/or PLMs. Second, other sleep hygiene practices
may or may not have any utility for patients with RLS/PTSD. Particularly when sleep hygiene
is provided to patients as a handout or pamphlet, there is no indication that this helps promote
sleep in any patient group. In this regard it is important for providers not familiar delivering
BSM interventions that sleep hygiene has little to no demonstrated efficacy as a monotherapy
for insomnia. Moreover, even when it is delivered as part of a multi-pronged intervention, sleep
hygiene as a psycho-educational therapy, is an active process with patient-provider interaction,
goal-setting, between-session homework assignments and follow-up. In addition, it is equally
important to note that some sleep hygiene or “tips for good sleep” include in them a suggestion
that is not considered a sleep hygiene instruction, but a stimulus control instruction. In
particular the suggestion to “use the bedroom only for sleep and sex” is a stimulus control
instruction (without providing rationale for and complete instructions for stimulus control) and
is in direct conflict with the suggestion “to maintain a regular bed and wake time” that is often
an item on the same list. This is confusing to patients who may consistently go to bed at a
regular time to abide by the latter instruction, regardless of whether they are sleepy, and get
up at the same time each morning, despite waking much earlier than their rise time. In such
cases, following good sleep hygiene may actually contribute to the development or
maintenance of insomnia. A thorough BSM approach to sleep scheduling for patients with
RLS/PLMD would be a much preferred approach than the standard sleep suggestions provide.

The treatment of co-morbid insomnia or insomnia-like presentations in RLS/PLMD can be
directly targeted with the cognitive-behavioral therapies for insomnia (CBT-I) that are the focus
elsewhere in this issue. As with many medical and psychiatric conditions, RLS/PLMD may
directly precipitate insomnia or directly exacerbate pre-existing insomnia. One manner by
which this may occur is that when nocturnal RLS symptoms and/or PLMs lead to repeated full
awakenings, one or more such awakenings may lead to lengthy wake times and difficulty
reinitiating sleep. As is the case with going to bed before being sleepy and remaining in bed
for more than 15–20 minutes following final awakening in the morning, these can set the stage
for excessive time in bed relative to total sleep time, and potentially to conditioned arousal as
seen in psychophysiologic insomnia. In one study, PLMD patients did not differ from primary
insomnia patients in terms of sleep hygiene factors (reading in bed), stimulus control behaviors
(lying awake in bed), cognitive arousal, and physical arousal, while both groups differed
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significantly from normal sleepers on each of these domains [36]. Thus, at least for patients
with PLMD there can be an insomnia-like presentation. In such cases, or when co-morbid
insomnia is diagnosed in RLS or PLMD, CBT-I should be considered.

To date, there remains only one controlled trail of CBT-I in RLS/PLMD. In this study by
Edinger and colleagues [37], 16 patients with PLMD were randomly assigned to receive 4
weekly sessions of CBT-I or 4 weeks of clonazepam at 0.5 to 1.0 mg. Both groups had
significant improvements in self-reported sleep variables with no between group-differences,
except that the CBT-I group had significantly more reductions in daytime napping and the
clonazepam group had significantly more reductions in PLM arousals. One consideration,
when delivering CBT-I, is the possibility that sleep deprivation can worsen RLS. If this is a
concern, than the sleep restriction component of CBT-I may be modified to limit this possibility
by replacing it with sleep compression [38]. On the other hand, in the seminal study of sleep
restriction therapy for insomnia [39], two study participants who had both RLS and PLMD
demonstrated significant improvements in sleep with no reports of increased RLS symptoms.
Overall, CBT-I, with some potential modifications on a patient-specific basis, can be
considered a potentially promising approach to both RLS and PLMD with further empirical
work clearly needed.

The role of exercise remains a somewhat confusing topic with respect to RSL/PLMD. As noted
above, ‘moderate’ exercise is often suggested for RLS. This is based on several factors. First,
RLS symptoms tend to increase with prolonged inactivity and to be alleviated with physical
activity. On the other hand, some individuals report exacerbation of symptoms with exercise.
Specific findings on the topic have been mixed with one study showing an increased risk for
RLS associated with physical activity prior to bedtime [40] and another showing an increased
risk for RLS associated with lack of exercise [41]. The discussion is aided by the existence of
two randomized controlled trials of exercise therapy. The first such study was a crossover trial
conducted in 13 patients with PLMD subsequent to spinal cord injury in which participants
received 200 mg L-DOPA and 50mg benserazide for 30 days or exercise on an ergometer 3
times a week for 45 days [42]. Despite the limitations of this design and the small sample size,
both treatments resulted in significant reductions in PLM index from 35.1 to 19.9 for L-DOPA
and from 35.1–18.5 for the exercise program. Such studies bear replication in other RLS/PLMD
populations.

The second exercise study was conducted in 23 patients with RLS who were randomized to
receive a 12 week trial of exercise therapy or a control condition [43]. Both groups received
basic instructions in lifestyle management that included cigarette and alcohol cessation,
avoidance of excessive caffeine, and proper sleep hygiene, with no specific goals being set or
follow-up on these suggestions. The exercise intervention consisted of lower body resistance
training exercises and 30 minutes of treadmill walking, which took place 3 times per week for
12 weeks at a local community center (participants were free to do more or less than instructed).
Compared to the control group, the exercise group achieved significant reductions in RLS
symptom severity at a 6 week assessment, which was maintained at the 12 weeks. Notably, the
control group had no improvements from baseline at either time point, an indirect test of the
utility of lifestyle instructions for RLS. While these are small trials, they begin to clear up some
confusion with respect to exercise and suggest that an exercise program (as opposed to a
suggestion to exercise), may be a promising approach to managing RLS/PLMD.

Although spontaneous, episodic, or treatment specific remission of RLS/PLMD does occur,
for many patients these are chronic conditions. Comprehensive non-pharmacologic approaches
to other chronic diseases, either independent from or in concert with pharmacologic
interventions, share some similarities with treatments for RLS/PLMD. For instance, one such
approach, albeit untested in any controlled fashion, exists for RLS in the form of a patient guide
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that greatly expands the standard suggestions for RLS [44]. In addition, Hornyak and
colleagues have recently published results of an uncontrolled trial of CBT for RLS [45]. In this
preliminary study, 25 participants with RLS (15 medicated and 10 unmedicated) took part in
a weekly 90 minute group therapy sessions for 8 weeks. The intervention included modules
on psychoeducation about RLS symptoms and treatments, mindfulness-based breathing
relaxation, cognitive therapy for sleep disturbances, stress-reduction and coping strategies,
cognitive therapy for depression, and identifying and managing individual triggers for RLS.
Overall, participants reported significant improvements on subjective scales of RLS severity
and quality of life (including satisfaction with sleep) at post-treatment and these gains were
maintained at a 3 month follow up assessment. While further work is needed in this are, this
study provides the first evidence that a comprehensive behavioral medicine approach can be
implemented with positive outcomes for RLS patients.

Summary
RLS and PLMD are most often treated pharmacologically as is suggested by standards of
practice. While treatment algorithms and patient materials do highlight the use of non-
pharmacologic approaches, these are seldom delivered in any systematic or rigorous manner.
Nonetheless, several behavioral sleep medicine approaches are available to assist in the
management of RLS/PLMD. The first, and perhaps the most obvious use of a BSM approach
in these conditions, is in the case of diagnosed co-morbid insomnia or the presence of several
insomnia-like symptoms, where CBT-I would be indicated. Due caution is noted in utilizing
the all-too-pervasive lists of sleep hygiene and sleep tips as “hand-out” therapies. Except when
such services are not available, there is little rationale for providing sleep hygiene instructions
alone apart from multi-component CBT-I. Second, the recent evidence supporting exercise
therapy for PLMD and RLS and comprehensive CBT for RLS highlight their potential utility.
Third, BSM and general behavioral medicine strategies can target lifestyle factors contributing
to pathophysiology. Fourth, similar behavioral medicine approaches can be undertaken to help
patients cope with their conditions using a model of chronic disease management. In addition,
any or all BSM approaches may be useful for patients experiencing augmentation or tolerance
to medications, and accordingly during a “drug holiday”.

The use of BSM approaches in RLS and PLMD represent not only an under-utilized set of
strategies that can be delivered to patients, but also an area with a number of empirical questions
to be addressed. Most, if not all, of the BSM interventions reviewed require additional support
before being considered evidence based treatments. Exercise therapy and comprehensive CBT
in particular, deserve some further assessment in randomized, controlled trial designs. There
is also ample opportunity to assess various combinations of therapies including modifying
CBT-I to include exercise therapy and/or components of CBT for RLS. Similarly, research
designs that could evaluate these BSM approaches as adjuvants to standard medication
management would be informative.

In sum, it is incumbent upon the sleep medicine field to more fully include BSM approaches
in the management of RLS and PLMD. The emerging findings suggest that patients may benefit
from a more multi-disciplinary approach than is typically the norm, while underscoring the
importance of conducting additional clinical research in this area.

Acknowledgments
Acknowledgement of Funding Support (for WRP): NIH NR010408; Rochester Center for Mind-Body Research (NIH
AG023956); VA Center of Excellence at Canandaigua, Canandaigua, NY; Sanofi-Aventis.

Pigeon and Yurcheshen Page 7

Sleep Med Clin. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Willis T. De anima brutorum quæ hominis vitalis ac sensitiva est, excertitationes duæ; prior

physiologica ejusdem naturam, partes, potentias et affectiones tradit; altera pathologica morbos qui
ipsam, et sedem ejus primarium, nempe ceerebrum et nervosum genus atticiunt, explicat, eorumque
therapeias instituit. London, R. Davis, 1672. English translation by Samuel Pordage, London, 1683:
Two Discourses concerning The Soul of Brutes, Which is that of the Vital and Sensitive of Man.

2. Ekbom KA. Restless legs: a clinical study. Acta Med Scand 1945;158(suppl):1–122.
3. Allen R, Earley C. Restless legs syndrome: a review of clinical and pathophysioogic features. J Clin

Neurophyiol 2001;18:128–147.
4. Allen R, Piccietti D, Hening W, et al. Restless legs syndrome: diagnostic criteria, special considerations,

and epidemiology. A report from the restless legs syndrome diagnosis and epidemiology workshop at
the National Institutes of Health. Sleep Med 2003;4:101–119. [PubMed: 14592341]

5. The International Classification of Sleep Disorders. 2. Westchester IL: American Academy of Sleep
Medicine; 2005. Sleep Related Movement Disorders-Restless Legs Syndrome; p. 178-181.

6. Michaud M, Chabli A, Lavigne G, et al. Arm restlessness in patients with restless legs syndrome. Mov
Disord 2000;15:289–293. [PubMed: 10752578]

7. Hening W, Walters AS, Allen RP, et al. 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;5:237–246. [PubMed: 15165529]

8. Winkelman JW, Finn L, Young T. Prevalence and correlates of restless legs syndrome symptoms in
the Wisconsin Sleep Cohort. Sleep Med 2006;7:545–552. [PubMed: 16740407]

9. Latorre, J.; Irr, WG. Restless Legs Syndrome. EMedicine. Retrieved January 26, 2008, from
http://emedicine.medscape.com/article/1188327-overview

10. Kaplan Y, Oksuz E. Association between restless legs syndrome and Chiari type 1 malformation.
Clinical Neurology & Neurosurgery 2008;110:408–10. [PubMed: 18281149]

11. Trotti LM, Bhadriraju S, Rye D. An update on the pathophysiology and genetics of restless legs
syndrome. Current Neurology & Neuroscience Reports 2008;8:281–7. [PubMed: 18590611]

12. Winkelmann J, Schormair B, Lichtner P, et al. Genome-wide association study of restless legs
syndrome identifies common variants in three genomic regions. Nat Genet 2007;39:1000–1006.
[PubMed: 17637780]

13. Iranzo A, Comella C, Santamaria J, et al. Restless legs syndrome in Parkinson’s disease and other
neurodegenerative diseases of the central nervous system. Mov Disord 2007;22(suppl):S424–S430.
[PubMed: 17534950]

14. Winkelman JW, Shahar E, Sharief I, et al. Association of restless legs syndrome and cardiovascular
disease in the Sleep Heart Health Study. Neurology 2008;70:35–42. [PubMed: 18166705]

15. Mizuno S, Mihara T, Miyaoka T, et al. CSF iron, ferritin and transferring levels in restless legs
syndrome. J of Sleep Res 2005;14:43–47. [PubMed: 15743333]

16. Montplaisir J, Boucher S, Poirier G, et al. Clinical, polysomnographic, and genetic characteristics of
restless legs syndrome: a study of 133 patients diagnosed with new standard criteria. Mov Disord
1997;12:61–65. [PubMed: 8990055]

17. Michaud M, Paquet J, Lavigne G, et al. Sleep laboratory diagnosis of restless legs syndrome. Eur
Neurol 2002;48:108–113. [PubMed: 12187001]

18. Manconi M, Govoni V, De Vito A, et al. Restless legs syndrome and pregnancy. Neurology
2004;63:1065–9. [PubMed: 15452299]

19. Cuellar NG, Ratcliffe SJ. A comparison of glycemic control, sleep, fatigue, and depression in type 2
diabetes with and without restless legs syndrome. J Clin Sleep Med 2008;4:50–56. [PubMed:
18350963]

20. Littner R, Kushida A, Anderson WM, et al. Practice parameters for the dopaminergic treatment of
restless legs syndrome and periodic limb movement disorder. Sleep 2004;27:557–559. [PubMed:
15164914]

21. Silber MH, Ehrenberg BL, Allen RP, et al. An algorithm for the management of restless legs syndrome.
Mayo Clin Proc 2004;79:916–922. [PubMed: 15244390]

Pigeon and Yurcheshen Page 8

Sleep Med Clin. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://emedicine.medscape.com/article/1188327-overview


22. Montplaisir J, Nicolas A, Denesle R, et al. Restless legs syndrome improved by pramiprexole: a
double-blind randomized trial. Neurology 1999;52:938–943. [PubMed: 10102409]

23. Garcia-Borreguero D, Larrosa D, de la Llave O, et al. Treatment of restless legs syndrome with
gabapentin: a double-blind, crossover study. Neurology 2002;59:1571–1579.

24. Matthews W. Treatment of restless legs syndrome with clonazepam [letter]. BMJ 1979;1:751.
[PubMed: 435767]

25. Roache JD, Meisch RA. Findings from self-administration research on the addition potential of
benzodiazepines. Psychiatric Annals 1995;25:153–157.

26. Earley CJ, Heckler D, Allen RP. Repeated IV doses of iron provides effective supplemental treatment
of restless legs syndrome. Sleep Med 2005;6:301–305. [PubMed: 15978514]

27. O’Keeffe ST, Gavin K, Lavan JN. Iron status and restless legs syndrome in the elderly. Age Ageing
1994;23:200–203. [PubMed: 8085504]

28. Hronyak M, Voderhozer U, Hohagen F, et al. Magnesium therapy for periodic leg movements-related
insomnia and restless legs syndrome: an open pilot study. Sleep 1998;21:501–505. [PubMed:
9703590]

29. Bartell S, Zallek S. Intravenous magnesium sulfate may relieve restless legs syndrome in pregnancy.
J Clin Sleep Med 2006;2:187–8. [PubMed: 17557494]

30. Symonds CP. Nocturnal myoclonus. J Neruosurg Psychiatry 1953;16:166–171.
31. Ohayon MM, Roth T. Prevalence of restless legs syndrome and periodic limb movement disorder in

the general population. Psychosom Res 2002;53:547–554.
32. Martinez S, Guilleminault C. Periodic leg movements in prepubertal children with sleep disturbance.

Develop Med Child Neurol 2004;46:765–770. [PubMed: 15540638]
33. Picchietti DL, Underwood DJ, Farris WA, et al. Further studies on periodic limb movement disorder

and restless legs syndrome in children with attention-deficit hyperactivity disorder. Mov Disord
1999;14:1000–7. [PubMed: 10584676]

34. Iber, C.; Ancoli-Israel, S.; Chesson, A.; Quan, S, VII. The AASM Manual for the Scoring of Sleep
and Associated Events. Westchester: American Academy of Sleep Medicine; 2007. Movement Rules;
p. 41

35. The International Classification of Sleep Disorders. 2. Westchester IL: American Academy of Sleep
Medicine; 2005. Sleep Related Movement Disorders-Periodic Limb Movement Disorder; p. 182-186.

36. Smith RC. Relationship of periodic limb movements in sleep (nocturnal myoclonus) and the
Babinski’s sign. Sleep 1985;8:239–43. [PubMed: 3876585]

37. Montplaisir J, Michaud M, Denesle R, Gosselin A. Periodic leg movements are not more prevalent
in insomnia or hypersomnia but are specifically associated with sleep disorders involving a
dopaminergic mechanism. Sleep Med 2000;1:163–167. [PubMed: 10767664]

38. Edinger, JD. Periodic limb movements: Assessment and management strategies. In: Perlis, M.;
Lichstein, KL., editors. Treating sleep disorders: Principles and practice of behavioral sleep medicine.
New York: John Wiley & Sons, Inc; 2003. p. 286-304.

37. Edinger JD, Fins AI, Sullivan RJ, et al. Comparison of cognitive-behavioral therapy and clonazepam
for treating periodic limb movement disorder. Sleep 1996;19(5):442–444. [PubMed: 8843536]

38. Lichstein KL, Riedel BW, Wilson NM, et al. Relaxation and sleep compression for late-life insomnia:
a placebo- controlled trial. J Consult Clin Psychol 2001;69(2):227–239. [PubMed: 11393600]

39. Spielman AJ, Saskin P, Thorpy MJ. Treatment of chronic insomnia by restriction of time in bed. Sleep
1987;10:45–56. [PubMed: 3563247]

40. Ohayon MM, Roth T. Prevalence of restless legs syndrome and periodic limb movement disorder in
the general population. J Psychosom Res 2002;53:547–54. [PubMed: 12127170]

41. Phillips B, Young T, Finn L, et al. Epidemiology of restless legs syndrome in adults. Arch Intern Med
2000;160:2137–41. [PubMed: 10904456]

42. deMello MT, Esteves AM, Tufik S. Comparison between dopaminergic agents and physical exercise
as treatment for periodic limb movements in patients with spinal cord injury. Spinal Cord 2004;42
(4):218–21. [PubMed: 15060518]

43. Aukerman MM, Aukerman D, Bayard M, et al. Exercise and restless legs syndrome: a randomized
controlled trial. J Am Board Fam Med 2006;19(5):487–93. [PubMed: 16951298]

Pigeon and Yurcheshen Page 9

Sleep Med Clin. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



44. Gunzel, J. Restless Legs Syndrome: The RLS Rebel’s Survival Guide. Tucson, AZ: Wheatmark, Inc;
2006.

45. Hornyak M, Grossmann C, Kohnen R, et al. Cognitive behavioural group therapy to improve patients’
strategies for coping with restless legs syndrome: a proof-of-concept trial. J Neurol Neurosurg
Psychiatry 2008;79:823–825. [PubMed: 18303103]

Pigeon and Yurcheshen Page 10

Sleep Med Clin. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


