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Study Objectives: To analyze the electroencephalographic (EEG) spectral content in untreated patients with restless legs syndrome (RLS) during
the sleep onset period (SOP) and during the quiet wakefulness preceding sleep, in order to test the hypothesis that a state of hyperarousal might
be present during the SOP with RLS.

Setting: Sleep Research Centre.

Patients: Twenty-seven untreated consecutive patients with RLS (mean age = 53.6 y), 11 untreated consecutive patients with primary insomnia
(mean age = 58.9 y), and 14 normal controls (mean age = 50.3 y).

Methods: SOP was defined as the 10-min period centered with the occurrence of the first sleep spindle in the EEG, and then subdivided into SOP-1
(period of 5 min before the first spindle) and SOP-2 (period of 5 min following). Leg movements occurring during SOP were counted and used as a
covariate in the statistical analysis. Also, one period of 1 min of artifact-free quiet wakefulness after lights off was identified. EEG spectral analysis
was run during these periods using the C3/A2 or C4/A1 channel.

Measurements and Results: Increased EEG alpha and beta bands and/or beta/delta ratio in RLS versus normal controls, during both wakefulness
preceding sleep and SOP (both parts SOP-1 and SOP-2) were found, which were, however, smaller than the increases found in patients with
insomnia.

Conclusion: The results of this study support the hypothesis of the presence of a state of hyperarousal in restless legs syndrome (RLS) during the

sleep onset period. Treatment for RLS might need to take these findings into consideration.
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INTRODUCTION

Patients affected by restless legs syndrome (RLS) report, in
approximately 70% of cases,' insomnia characterized by diffi-
culty falling asleep, because of the unpleasant sensations in the
limbs and the urge to move them.? The similarities between
RLS and insomnia go beyond the simple initiating sleep prob-
lems and extend to more than three awakenings after sleep
onset in approximately 60% of patients' and, more in general,
to increased sleep instability.>* Moreover, dopamine agonists,
which greatly decrease unpleasant sensations and the urge to
move the limbs at bedtime, seem to exert only a minor effect
on sleep architecture and virtually no effect on nonrapid eye
movement (NREM) sleep instability® and arousals,’ at least in
the acute period. This finding is in line with frequent reports
in clinical practice of persisting insomnia in patients with
RLS otherwise successfully treated with dopamine agonists
and despite the complete resolution of sensory symptoms at
bedtime and the great reduction of periodic limb movements
during sleep (PLMS).6

The parallelism between RLS and insomnia is far from
being sufficiently understood and several aspects need to be
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clarified. Among these aspects, the demonstration of a state of
hyperarousal in RLS has never been specifically investigated.
There is solid evidence, in the literature, that primary insomnia
is associated with increased arousal level, as indicated by
increased high-frequency electroencephalographic (EEG)
activation, abnormal hormone secretion, increased metabolic
activation (whole body and brain), and elevated heart rate and
sympathetic nervous system activation during sleep. The term
hyperarousal refers to this complex set of abnormalities.” In
particular, regarding sleep EEG spectral analysis, the most
frequent finding in insomnia has been that of an increase in
high-frequency bands, such as the beta band.” On the contrary,
previous data seem to show that in RLS sleep EEG changes
might be associated essentially with the presence of leg move-
ments (LMs) during sleep.'® Also, patients with insomnia can
present frequent LMs during sleep''; however, this has not
always been controlled for in insomnia studies because poly-
somnographic recordings have not always been performed
and, when they have been carried out, often have not included
tibialis anterior electromyographic (EMG) channels. However,
insomnia associated with PLMS cannot be defined as primary
insomnia because it satisfies the criteria for periodic limb move-
ment disorder,'? even if a causal relationship between insomnia/
hypersomnia and PLMS has not been demonstrated.

For these reasons, we hypothesized that a state of hyper-
arousal might be present at the time of the sleep onset period
(SOP) in RLS, when its subjective clinical manifestations
are maximal. Thus, the aim of this study was to analyze the
EEG spectral content in untreated patients with RLS during
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SOP and during the quiet wakefulness preceding sleep and to
compare the results with those obtained from normal controls
and untreated patients with insomnia, while controlling for the
presence of LMs.

SUBJECTS AND METHODS

Subjects

Twenty-seven untreated consecutive patients affected by
idiopathic RLS were included in this study (mean age = 53.6 y,
standard deviation [SD] = 14.90; 15 males and 12 females).
The patients were recruited at the Sleep Research Centre of
the Department of Neurology IC, Oasi Institute, Troina, Italy.
In agreement with the International RLS Study Group,'® the
minimum criteria accepted for the diagnosis of RLS were: (1)
an urge to move the legs, usually accompanied or caused by
uncomfortable and unpleasant sensations in the limbs; (2) the
urge to move or unpleasant sensations that begin or worsen
during periods of rest or inactivity such as lying or sitting; (3)
the urge to move or unpleasant sensations that are partially or
totally relieved by movement, such as walking or stretching;
and (4) the urge to move or unpleasant sensations that are
worse in the evening or night than during the day or only occur
in the evening or night. Routine blood tests (including serum
iron and ferritin) and neurophysiological investigation (electro-
myography [EMG] and electroneurography of the lower limbs)
were also normal.

Also, 11 consecutive untreated subjects affected by chronic
primary insomnia (mean age = 58.9 y, SD = 13.40; 5 males
and 6 females), referred to the same sleep center, were included
in the study. Diagnosis of primary insomnia was established
by applying the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision criteria.'* Patients
with secondary insomnia, such as insomnia resulting from
mental or medical disorders, inadequate sleep hygiene, or drugs
or substance abuse, were excluded. Subjects with a history of
RLS, according to the standard international criteria,'* or of
other sleep disorders were excluded.

The sleep respiratory pattern of each patient (RLS and
insomnia) was assessed by means of oral and nasal airflow
(thermistor and/or nasal pressure cannula), thoracic and abdom-
inal respiratory effort (strain gauge), and oxygen saturation
(pulse oximetry), in a previous recording (within 1 w) or during
this study recording; patients with an apnea/hypopnea index
greater than 5 were not included. Neurological examination
resulted unremarkable in all patients who were free of medica-
tion for at least 3 w before polysomnography.

Fourteen normal subjects (seven males and seven females,
mean age = 50.3 y, SD = 15.83) were also included in the study
and used as a control group. Control subjects were screened to
exclude those with any current or prior symptoms suggestive of
RLS, by using the same minimal criteria set by the International
RLS Study Group for the diagnosis of RLS" or of insomnia and
had to be in general good health; they were excluded from the
study if any of the following were present: diagnosis of any other
significant sleep disorder(s), major mental illness including any
indications of cognitive problems as determined by history, any
history of neuroleptic-induced akathisia, or use of any neuro-
leptic agent in the past year. All controls were drug free.
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This study was approved by the local ethics committee and
all subjects provided informed consent before entering the
study.

Polygraphic Sleep Recording

Each subject underwent a polysomnographic full night
recording, after an adaptation night, carried out in a standard
sound-attenuated (noise level to a maximum of 30 dB nHL)
sleep laboratory. Subjects were not allowed to have bever-
ages containing caffeine during the afternoon preceding the
recording and were allowed to sleep until their spontaneous
awakening in the morning.

The following parameters were included in the polysomno-
graphic study: EEG (at least three channels, one frontal, one
central, and one occipital, referred to the contralateral earlobe);
electrooculogram (electrodes placed 1 cm above the right outer
cantus and 1 cm below the left outer cantus and referred to A1),
EMG of the submentalis muscle, EMG of the right and left tibi-
alis anterior muscles (bipolar derivations with two electrodes
placed 3 cm apart on the belly of the anterior tibialis muscle of
each leg, impedance was kept less than 10 KQ), and electrocar-
diography (ECG; one derivation). Sleep signals were sampled
at 128 Hz and stored on hard disk in European data format.

Sleep stages were scored following standard criteria'® on
30-sec epochs by means of the sleep analysis software Hypnolab
1.2 (SWS Soft, Italy). LMs during sleep were detected and
marked.'¢

Spectral EEG analysis

For this study we defined SOP as the 10-min period centered
with the occurrence of the first sleep spindle in the EEG, taken as
indicator of sleep onset.!” SOP was then subdivided into SOP-1
(period of 5 min before the first spindle) and SOP-2 (period of
5 min following the appearance of the first sleep spindle). LMs
occurring during SOP were counted. Moreover, we also identi-
fied one period of 1 min of artifact-free quiet wakefulness after
lights off.

The EEG channel used for spectral analysis was C3/A2 or
C4/A1 of all recordings; this derivation can be considered as a
good representative of the whole scalp during SOP because it
has been reported that, during the first 5 min of sleep, the time
course of the different EEG bands is similar in frontal, central
and occipital derivations.'®

The signal, sampled at 128 Hz and digitally prefiltered at
0.1-35 Hz, was subdivided into 4-sec miniepochs, for a total
of 165 miniepochs (15 during wakefulness, 75 during SOP-1,
and 75 during SOP-2) per subject. Miniepochs containing
muscle or other technical artifacts were carefully excluded
from the analysis (on average 2.5 miniepochs per subject); all
the remaining miniepochs of the 1-min wakefulness period and
all artifact-free sleep miniepochs of SOP-1 and SOP-2 were
used for the computation of power spectra. Power spectra were
calculated for each miniepoch using the sleep analysis software
Hypnolab 1.2, after Welch windowing, in order to minimize
the truncation error and reduce spectral leakage by suppressing
sidelobes,'” by means of the fast Fourier transform. The power
spectrum was calculated for frequencies between 0.5 and 32 Hz
with a frequency step of 0.25 Hz. The average absolute power
for the different EEG bands (delta 0.5—3.75 Hz; theta 4.0-7.75
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Table 1—Comparison between sleep architecture parameters in normal controls and in the two groups of patients
Controls (n = 14) RLS (n=27) Insomnia (n = 11) ANOVA Post hoc (P <)
RLS vs. RLSvs. Insomnia vs.
Mean SD Mean SD Mean SD Fa4 P< controls insomnia controls

TIB, min 500.3 54.13 529.0 89.72 4988 92.69 0.825 NS

SPT, min 4796  51.01 4971 90.72 4605  95.07 0.794 NS

TST, min 4145 5431 420.6 100.36 3579 11857 1.789 NS

SL, min 156 15.84 269  34.51 202 12.03 0.845 NS

FRL, min 119.0 89.07 1394  82.04 1104  50.97 0.648 NS

Stage shifts/h 1.8 3.37 104 4.89 1.5 457 0.514 NS

Awakenings/h 5.6 2.72 4.0 2.24 6.9 4.06 4415  0.017 NS 0.006 NS

SE, % 82.9 7.53 797 1323 713 1735 2.626 NS

WASO, % 13.5 7.84 153 1173 227 17.74 1.896 NS

S1, % 6.2 4.00 7.6 6.54 6.4 4.63 0.364 NS

S2,% 47.2 9.17 436 1117 451 1577 0.433 NS

SWS, % 174 7.44 18.6 6.52 10.2 9.03 5174  0.009 NS 0.0026 0.02

REM, % 15.8 4.36 14.9 6.05 15.6 6.99 0.116 NS
ANOVA, analysis of variance; FRL, first REM latency; NS, not significant; REM, rapid eye movements; RLS, restless legs syndrome; SD, standard deviation;
SE, sleep efficiency; SL, sleep latency; SPT, sleep period time; SWS, slow wave sleep; TIB, time in bed; TST, total sleep time; WASO, wake after sleep onset.

Hz; alpha 8—11.5 Hz; sigma 11.75—14.75 Hz; beta 15-32 Hz)
and the ratio between the beta and delta bands were obtained
for each condition: wakefulness (excluding sigma), SOP-1, and
SOP-2.

Statistical Analysis

The comparison of age, number of LMs during SOP, sleep
architecture parameters, and wake EEG spectral band power
was carried out by analysis of variance (ANOVA), followed by
post hoc comparisons (least significant difference test). Because
of the different number of LMs found during SOP, comparisons
between different subject groups were carried out using anal-
ysis of covariance (ANCOVA), with number of LMs used as a
covariate. Also, ANCOVA was followed by post hoc compari-
sons. The chi-square test was used to compare the sex composi-
tion of the groups. Differences were considered as significant
when they reached a P < 0.05 level. The data analysis software
system STATISTICA (StatSoft, Inc. 2004, Tulsa, OK, version 6.
www.statsoft.com) was used for statistical analysis.

RESULTS

The age of the three groups was not statistically different
(F,4 = 1.056, NS), as well as their sex composition (chi-
square = 0.348, NS). On the contrary, the number of LMs
during SOP was significantly different between the groups
(F,49 = 3.547, P < 0.035) with patients having RLS showing
values (mean + SD = 6.4 + 8.85) significantly higher than both
insomnia patients (mean + SD = 1.4 + 3.88, P < 0.042) and
normal controls (mean + SD = 1.4 +2.21, P <0.03).

Table 1 reports the comparison between sleep architecture
parameters in normal controls and in the two groups of patients.
Even if some small differences between patients with RLS and
normal controls can be seen in this table, none of the differ-
ences between these two groups was statistically significant; on
the other side, patients with insomnia had a significantly higher
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number of awakenings and a lower percentage of slow wave
sleep than patients with RLS.

The comparison between the results of the spectral EEG
analysis during quiet wakefulness preceding sleep in normal
controls and in the two groups of patients is shown in Table 2.
In this analysis, the theta, alpha, and beta band absolute power,
as well as the beta/delta ratio, show the same incremental trend
from normal controls, patients with RLS, and patients with
insomnia; however, statistical significance was reached only
for the alpha band and the beta/delta ratio. Delta band relative
power values showed, conversely, a significant decrease from
normal controls to patients with RLS and from these to patients
with insomnia, whereas alpha band relative power showed the
opposite significant trend.

In Table 3, the comparison between the results of the spec-
tral EEG analysis during SOP-1 and SOP-2 is shown. In this
comparison, patients with RLS had significantly higher values
than normal controls in the alpha, sigma, and beta bands and
the beta/delta ratio, during SOP-1 and in the alpha and beta
bands, and the beta/delta ratio, during SOP-2. The same
comparisons between patients with RLS and insomnia did not
disclose significant differences, with the exception of the beta/
delta ratio during SOP-1, which was higher in the insomnia
group. Regarding relative power values, the delta band showed,
similar to wakefulness, a significant decrease from normal
controls to patients with RLS and from these patients to patients
with insomnia, during both SOP-1 and SOP-2. The alpha band
relative power showed a significant trend opposite to that of the
delta band. In addition, the sigma band had a trend similar to
that of the alpha band, reaching statistical significance during
SOP-2.

Finally, Figure 1 shows the changes observed in the power of
each EEG frequency band from wakefulness to SOP-1 and then
to SOP-2 in the three groups of subjects. It is clear from this
figure that delta and theta bands show a progressive increase
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Table 2—Comparison between the results of the spectral electroencephalographic analysis during quiet wakefulness preceding sleep in normal controls and
in the two groups of patients

Controls (n = 14) RLS (n=27) Insomnia (n = 11) ANOVA Post hoc (P <)
RLS vs. RLSvs. Insomnia vs.

Mean SD Mean SD Mean SD Fa4 P< controls insomnia controls
Delta, pV? 166.8  73.52 1720  64.00 1388 5745 1.026 NS
Theta, puV? 1018 37.72 1411  54.26 168.3 114.61 309 NS
Alpha, pV? 1139 63.10 163.8  78.30 2219 114.46 5.149 0.009 NS NS 0.0024
Beta, uV? 2325 98.46 309.9 12532 3511 176.41 2749 NS
Beta/Delta 15 0.75 1.9 0.75 27 1.37 5.581 0.0066 NS 0.017 0.0018
Delta, % 276 7.46 222 5.87 16.3 4.63 10.403  0.00017 0.011 0.009 0.000035
Theta, % 17.0 4.01 18.0 443 18.7 6.17 0.387 NS
Alpha, % 17.8 6.20 20.3 6.28 24.9 5.97 4.050 0.024 NS 0.043 0.007
Beta, % 376 7.86 39.5 7.99 401 10.60 0.332 NS

All values are expressed in uV2 ANOVA, analysis of variance; NS, not significant; RLS, restless legs syndrome; SD, standard deviation.

Table 3—Comparison between the results of the spectral electroencephalographic analysis during the sleep onset period in normal controls and in the two
groups of patients

Controls (n = 14) RLS (n=27) Insomnia (n = 11) ANCOVA? Post hoc (P <)
RLS vs. RLS vs. Insomnia vs.
Mean SD Mean SD Mean SD Fa4 P< Controls Insomnia Controls

SOP-1
Delta, pv?2 2526  99.61 2346 9176 191.8  50.49 14899 NS
Theta, pV2 1424 50.46 163.5  57.04 1772 59.30 11959 NS

Alpha, pV? 973  38.01 136.1 4843 151.8  37.77 5.2081 0.009 0.008 NS 0.0025
Sigma, pv?  63.2  20.23 81.8  26.00 923  26.10 46630 0.014 0.021 NS 0.0036
Beta, uV?2 178.2  54.80 2365 61.94 2506 53.34 5.3874 0.008 0.003 NS 0.0029
Beta/Delta 0.8 0.32 1.1 0.34 14 0.40 8.8501  0.0005 0.008 0.034 0.0001
Delta, % 33.9 6.29 271 5.45 22.0 2.15 16.31 0.000004 0.00024 0.0088 0.000001
Theta, % 19.5 3.23 19.1 3.83 20.3 4.00 0.37 NS

Alpha, % 13.1 2.52 15.8 3.36 175 1.96 7.52 0.0014 0.0054 NS 0.00035
Sigma, % 8.6 1.23 9.7 2.02 10.6 1.71 4.01 0.024 NS NS 0.0068
Beta, % 25.0 5.08 28.3 5.52 29.5 5.55 2.46 NS

SOP-2

Delta, pV2 3330  96.30 3069 114.63 2451  68.86 24293 NS
Theta, pV? ~ 179.7  55.69 1934 69.80 2016  46.60 0435 NS

Alpha, uv¢ 1085  35.77 140.6  47.16 160.3  41.58 44954 0.016 0.029 NS 0.0046
Sigma, pv2 842  28.06 958  33.72 121 4239 21994 NS

Beta, p\V?2 160.7  41.84 2168  57.86 2212 4272 5.4334 0.0075 0.0014 NS 0.0043
Beta/Delta 05 0.17 0.8 0.35 1.0 0.34 7.1395 0.002 0.0064 NS 0.0005
Delta, % 38.3 4.19 31.7 6.17 25.8 3.77 17.45 0.000002 0.00037 0.003 0.000001
Theta, % 20.7 2.85 20.1 3.36 21.6 3.20 0.52 NS

Alpha, % 12.3 1.59 14.6 2.53 16.9 2.00 13.83 0.000018 0.0022 0.005 0.000003
Sigma, % 9.7 2.1 10.0 2.28 11.6 2.59 2.88 NS

Beta, % 19.1 4.07 236 6.85 241 492 2.87 NS

All values are expressed in uV?, 2Number of limb movements during SOP used as a covariate. ANCOVA, analysis of covariance; NS, not significant; RLS,
restless legs syndrome; SD, standard deviation; SOP, sleep onset period.

in all groups, whereas sigma only increases in SOP-2; alpha DISCUSSION

shows a clear decrease between wakefulness and SOP-1 and The results of this study seem to support our initial hypoth-
beta shows a progressive decrease. Overall, the trends are very  esis of the presence of a state of hyperarousal in RLS during
similar in all groups. the SOP. This is confirmed by the general finding of increased
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EEG alpha and beta bands

and/or beta/delta ratio in 400
patients with RLS versus
normal controls, during both
wakefulness preceding sleep
and SOP (both parts SOP-1 300}

and SOP-2). The presence
of increased EEG activity
in the high-frequency range
is probably not sufficient to
demonstrate definitively the
presence of hyperarousal in
these patients. It would also
be better to demonstrate the

Power, pVZ
N
o
o

2

presence of other abnor- 100}

malities such as abnormal A I\I/I

hormone secretion, increased

metabolic  activation, and
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activation during sleep.”® Tt Controls RLS Insomnia

is important to consider that
enhanced nocturnal cortisol
excretion has been reported

Figure 1—Changes in power of each electroencephalographic frequency band from wakefulness to sleep onset in
the groups of subjects. RLS, restless legs syndrome; SOP, sleep onset period.

earlier in RLS, demonstrating
nocturnal hypothalamic-pituitary-adrenal system overactivity.*’

It is remarkable that the findings in RLS and insomnia were
somewhat similar, but also some differences existed, with
patients with RLS generally showing intermediate values
between normal controls (lowest) and insomnia (highest). It
is also important to note that the results were not influenced by
sleep latency, which was higher in patients with RLS than in
those with insomnia; it is not surprising to find relatively mild
polysomnographic abnormalities in patients with insomnia
given their frequent sleep-state misperception.?’ In RLS,
this might reflect different intrinsic mechanisms that are not
linked to the simple presence of LM-related arousals, which
were significantly more frequent in patients with RLS, and an
attempt was made to control for their presence, with the statis-
tical analysis. It is also interesting to note that these results
bear some resemblance with those of a recent study in which
the EEG power of the beta band (18-29.75 Hz) was found to
be significantly lower in sleep onset insomnia than in sleep
maintenance insomnia.?? Thus, it is possible that hyperarousal
is a stronger mechanism in sleep maintenance insomnia than
in sleep onset insomnia; our patients with insomnia had
both sleep onset and maintenance problems but sleep onset
insomnia was predominant in our patients with RLS. We
must acknowledge, in this respect, a limitation of our study
because we did not collect a subjective report of sleep from
the patients recruited.

The mechanisms supporting a hypothetical hyperarousal
state during SOP in RLS, in addition to the presence of LMs,
might be sought in different studies reported in the previous
literature. First, a significant increase in NREM sleep insta-
bility has been reported in RLS,® based on an increase in
arousal-related transient events during sleep. This increase
is not modified by the administration of dopamine agonists,’
which only decrease the number of LMs, but is significantly
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reduced by clonazepam,” ineffective on LMs. It is interesting
to note that a significantly enhanced nocturnal cortisol excre-
tion has been reported in RLS, demonstrating nocturnal hypo-
thalamic-pituitary-adrenal system overactivity.”” In the same
study, nocturnal cortisol release showed a (weak but signifi-
cant) positive correlation with the percentage of sleep stage 1
and a negative correlation with the percentage of sleep stage 2,
but not with PLMS or visually scored arousals. Thus, it seems
that in RLS there is an arousal system alteration that is largely
independent from the occurrence of LMs, and also the results
of the current EEG study support this view. As additional
support for this finding, it has been suggested that RLS may
benefit from cognitive behavioral therapy,® which is thought
(but not yet demonstrated) to act also by controlling the hyper-
arousal state in insomnia.>*

It is not known if this arousal system abnormality has the
same circadian distribution as the sensory-motor symptoms and
signs of RLS and it cannot be excluded that it can be detected
all day long. Several reports have been published indicating the
presence of altered (increased) central nervous system excit-
ability in RLS, detected by means of transcranial magnetic
stimulation that has been run during the daytime.?”* However,
it has also been reported that transcranial magnetic stimulation
abnormalities show a circadian distribution pattern®*® and that
they can be reversed by dopamine agonist treatment.*'** The
focus of these studies has been intracortical inhibitory/excit-
atory mechanisms, but the arousal system has a more complex
pathophysiology involving several subcortical structures®;
additionally, an abnormal spinal excitability is believed to
underline most of the RLS symptomatology.*>*¢ In this context,
it is not trivial that an increased motor spinal cord excitability
was believed to be at the basis of subclinical but significant
changes in daytime muscle activation patterns during gait in
patients with RLS.
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Although not universally accepted, the most frequently
mentioned hypothesis for the mechanism of RLS concerns
a dysfunction of the inhibitory descendent dopaminergic
pathway projecting from hypothalamus (All area) to
different gray matter spinal cord structures such as the ventral
and dorsal horns, and the intermediolateral columns.** The
intermediolateral column contains the preganglional neurons
of the sympathetic output and presents a high density of
D2-like dopaminergic receptors. In RLS, a disinhibition of
these autonomic spinal nuclei may enhance the sympathetic
activity, which might sustain a state of hyperarousal also
evident at the brain cortical level. If a hyperarousal state is
present in RLS, this should be reflected also by changes in
the autonomic system balance. It has been reported that spec-
tral analysis of heart rate variability performed during epochs
without LMs is not different from that of normal controls, but
the heart rate response to the occurrence of LMs is enhanced
in RLS, and treatment with a dopamine agonist was able to
reduce such an exaggerated response.’® It is important to
consider that, in the aforementioned study, LM-free epochs
were most likely extracted from the second part of the night,
when LMs are much less frequent than during the first part.*
If hyperarousal in RLS is under the same circadian modula-
tion of RLS symptoms, it is possible that no differences were
detected in heart rate variability because of the time of night
from which the epochs were extracted. On the contrary, it
is likely that LM-related heart rate changes were evaluated
most often during the first part of the night, when LMs mostly
occur. Differently from arousal-related transients, which were
not modified by a dopamine agonist,® LM-related heart rate
changes might be modified by dopamine agonists because of
their lower (subcortical) nature.

Finally, recent findings provide an additional support to the
hypothesis of a hyperarousal state in RLS; thalamic glutamate/
glutamine has been found to be increased in RLS and related to
disturbed sleep, but not to LMs.*’ Also, our results, together with
those on NREM sleep instability,** point to a scarce relation-
ship of LMs with arousals. Thus, in agreement with the views
of Allen et al.,* it is possible to hypothesize the existence of
different system involvement in RLS and the glutamate system
might be a better alternative to dopamine to explain increased
arousals and sleep instability. The obvious consequence of this
view is that a better treatment for RLS might need to take into
consideration these findings that might constitute the rationale
for a combined therapy for RLS, involving the dopamine and
the glutamate systems.?*
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