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Is restless legs syndrome a sleep disorder?

A compelling urge to move the legs, often accompa-
nied by uncomfortable dysesthesias, is the fundamen-
tal element of restless legs syndrome (RLS). To make
a diagnosis of RLS, this core sensory-motor symptom
must be present at rest, at least temporarily relieved by
movement, and most pronounced at night.1 Sleep
disturbance is usually present in RLS and is tradition-
ally considered as a consequence of either the sensory-
motor symptom interfering with sleep or of periodic
limb movements of sleep (PLMS), present in roughly
80% of RLS patients. However, dysesthesias, sleep
disturbance, or PLMS are not required for an RLS
diagnosis, though they are supportive. In this way,
difficulties with understanding, recognition, and
treatment of RLS may be related to its definition: is
it a sleep disorder, a movement disorder, or a chronic
pain disorder?

In this issue of Neurology®, Allen et al.2 investigate
the role of the excitatory neurotransmitter glutamate
in RLS with the use of magnetic resonance spectros-
copy (MRS). They document elevations in daytime
thalamic glutamate levels in RLS (measured in the
evoked spectrum as a peak with glutamine, the com-
bination denoted Glx, as a ratio to creatinine, Glx/
Cr). They also find that glutamate levels are corre-
lated with objectively and subjectively recorded sleep
disturbance, but not with the primary RLS symptoms
or PLMS. They conclude that it is the combination of
glutamatergic (sleep disturbance) and dopaminergic
(sensory symptoms, PLMS) abnormalities that pro-
duce the full RLS symptomatology.

There are a number of novel features to this study
and its conclusions. The authors identified abnormal-
ities in a nondopaminergic neural system; they sug-
gest that the core features and sleep disturbance of
RLS have a separate pathophysiology from that of
RLS-related PLMS; and they introduce the concept
of hyperarousal in RLS.

Much of the previous work on RLS neurochemis-
try has focused on the dopaminergic system, fueled by
the therapeutic success of levodopa and the dopamine
agonists. However, no consistent dopamine system
abnormalities have emerged from over 20 years of
neuroimaging, neuroanatomy, and neuroendocrine

research.3 CNS iron abnormalities are the most con-
sistent findings in RLS, with a possible tie to the
dopaminergic system.4 For this reason, the introduc-
tion of glutamate as a system of interest will stimulate
new research.

The proposed dichotomy of dopaminergic and
glutamatergic mechanisms in RLS is based on the
observation that dopaminergic agents are far more
effective in improving core RLS symptoms and reduc-
ing PLMS than they are in improving objectively
recorded sleep architecture.5 However, dopaminergic
agents have been clinically successful because they
produce dramatic benefits for subjectively recorded
sleep.6,7 Thus, as in other contexts in sleep research,
objectively and subjectively recorded sleep quality
measures often do not agree.

The authors describe the elevated glutamate levels
as a reflection of "hyperarousal" of RLS, which they
contend leads to sleep disturbance at night and coun-
terbalances the potential daytime sleepiness that
might result from poor sleep. This concept of hyper-
arousal in RLS is very similar to the same construct
used to understand insomnia. In the latter disorder,
multiple lines of investigation, including relative spec-
tral power present in the sleep EEG, neuroendocrine
data, reduced cortical GABA, and cognitive studies,
all suggest an activated mind, brain, and body.8 As
with insomnia, the hyperarousal of RLS is present
during both daytime and nighttime (as indicated by
the elevated daytime glutamate levels in the present
study), suggesting that the nocturnally predominant
core symptoms of RLS are only one piece of the over-
all symptomatic and biological picture. From this per-
spective, RLS (like insomnia) is not predominantly a
sleep disorder, or even a nocturnal disorder, but
rather a 24-hour disorder in which sleep is just one
manifestation. Although interesting, the hyperarousal
concept of RLS will require much more evidence
before it can be accepted, as the glutamatergic excess
could be nothing more than a reflection of sleep dis-
turbance as a result of the primary RLS symptoms.

The lack of correlation of MRS-derived gluta-
mate levels with the RLS sensory-motor symptoms
(as opposed to the sleep disturbance and PLMS) in
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Allen et al. has also been an observed failing in studies
of dopaminergic and opioidergic systems and in stud-
ies of established genetic markers. However, as dra-
matic improvements are observed in these same core
symptoms with dopaminergic, opioid, and Ca chan-
nel a2d agents (e.g., gabapentin, pregabalin),9 any
explanation of the biology of RLS must first account
for the therapeutic benefits of these drugs and the
discrepancies between objective neurobiological data
(neurotransmitter/receptor/transporter levels) and
subjective distress and improvement. One possibility
is that our tools for measuring the experience and
consequences of RLS may be inadequate. Another
explanation is that RLS may be a heterogeneous dis-
order, with multiple etiologies or expressions. From
this latter perspective, Allen et al. have performed an
important first step, proposing a neurobiological
hypothesis that divides RLS into individual features:
primary sensory-motor symptoms, PLMS, and sleep
disturbance. This approach has been fruitful in RLS
genetics: the BTBD9 SNP is associated with PLMS
but not the core RLS symptoms,10 indicating that the
gene may be an RLS endophenotype11 (genetic heri-
table marker). Similarly, subtyping RLS (and individ-
ual patients) into more meaningful biologically based
phenotypes (e.g., with or without sleep disturbance,
PLMS, or painful RLS) may not only advance bio-
logically based investigation and promote the devel-
opment of animal models but may, as Allen et al.
point out, optimize patient care. Thus, in answer to
the original question of whether RLS is a sleep disor-
der, a movement disorder, or a chronic pain disorder,
the most accurate answer may be that it depends on
the patient.

STUDY FUNDING
No targeted funding reported.

DISCLOSURE
J. Winkelman receives research support from NIMH R01MH095792-

01A1, GlaxoSmithKline, UCB Pharma, and Impax Pharmaceuticals and

consulting honoraria/Scientific Advisory Board: UCB Pharma, Impax Phar-

maceuticals, Zeo Incorporated. Go to Neurology.org for full disclosures.

REFERENCES
1. Allen RP, Picchietti D, Hening WA, Trenkwalder C,

Walters AS, Montplaisir J. Restless legs syndrome: diag-

nostic criteria, special considerations, and epidemiology: a

report from the restless legs syndrome diagnosis and epi-

demiology workshop at the National Institutes of Health.

Sleep Med 2003;4:101–119.

2. Allen RP, Barker PB, Horská A, Earley CJ. Thalamic

glutamate/glutamine in restless legs syndrome: increased

and related to disturbed sleep. Neurology 2013;80:

2028–2034.

3. Trotti LM, Bhadriraju S, Rye DB. An update on the path-

ophysiology and genetics of restless legs syndrome. Curr

Neurol Neurosci Rep 2008;8:281–287.

4. Connor JR, Ponnuru P, Wang XS, Patton SM, Allen RP,

Earley CJ. Profile of altered brain iron acquisition in rest-

less legs syndrome. Brain 2011;134(pt 4):959–968.

5. Manconi M, Ferri R, Zucconi M, et al. Dissociation of

periodic leg movements from arousals in restless legs syn-

drome. Ann Neurol 2012;71:834–844.

6. Scholz H, Trenkwalder C, Kohnen R, Riemann D,

Kriston L, Hornyak M. Levodopa for restless legs

syndrome. Cochrane Database Syst Rev 2011;2:

CD005504.

7. Scholz H, Trenkwalder C, Kohnen R, Riemann D,

Kriston L, Hornyak M. Dopamine agonists for restless

legs syndrome. Cochrane Database Syst Rev 2011;3:

CD006009.

8. Riemann D, Spiegelhalder K, Feige B, et al. The hyper-

arousal model of insomnia: a review of the concept and its

evidence. Sleep Med Rev 2010;14:19–31.

9. Aurora RN, Kristo DA, Bista SR, et al. The treatment of

restless legs syndrome and periodic limb movement disor-

der in adults-an update for 2012: practice parameters with

an evidence-based systematic review and meta-analyses: an

American Academy of Sleep Medicine Clinical Practice

Guideline. Sleep 2012;35:1039–1062.

10. Stefansson H, Rye DB, Hicks A, et al. A genetic risk factor

for periodic limb movements in sleep. N Engl J Med

2007;357:639–647.

11. Winkelman JW. Periodic limb movements in sleep: endo-

phenotype for restless legs syndrome? N Engl J Med 2007;

357:703–705.

Neurology 80 May 28, 2013 2007

http://neurology.org/

