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Abstract

Objective: Periodic limb movements in sleep (PLMS) may or may not be associated with restless legs syndrome (RLS). The number of

PLMS is commonly used to assess the clinical severity and sleep quality of patients with RLS. It is still unclear whether the sleep disorder of

periodic limb movement disorder (PLMD) is different from the sleep disorder in RLS.Methods: We compared the polysomnograms (PSGs)

of 27 prospectively recruited RLS patients and 26 retrospectively recruited age- and sex-matched PLMD patients without RLS symptoms.

Results: The PLM index and the index of arousal-associated PLMS (PLMAI) were significantly higher in PLMD, whereas the index of EEG

arousals not associated with any sleep-related event was significantly higher in RLS. In PLMD patients, the PLMI correlated negatively with

the percentage of PLMS associated with an arousal, whereas this correlation was positive in RLS patients. Further, RLS patients spent

significantly more time in wake-after-sleep onset, had more rapid eye movement sleep (REM) and less sleep stage I. Conclusions: We

conclude that the sleep disorder in RLS differs from that in PLMD. Spontaneous, not PLM associated EEG arousals should be included in the

assessment of the sleep structure of patients with RLS, particularly in studies concerned with drug-efficacy.

q 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Restless legs syndrome (RLS) is a condition in which

patients at rest, especially in the evening and during the

night, report leg paresthesias accompanied by an urge to

move their legs [1]. According to the International Restless

Legs Syndrome Study Group (IRLSSG) [2], obligatory

features of RLS are: (1) a desire to move the extremities

usually associated with some definable discomfort; (2)

motor restlessness; (3) worsening of symptoms at rest with

at least temporary relief by activity and (4) worsening of

symptoms later in the day or at night. Non-obligatory

features of RLS are involuntary movements including

periodic limb movements in sleep (PLMS), which com-

monly occur in patients with idiopathic RLS [1], but

sometimes are absent [3]. Isolated PLMS may further occur

as periodic limb movement disorder (PLMD) without

complaints of RLS [4]. There is controversy in the literature

about whether PLMD leads to severe sleep disturbance or

excessive daytime somnolence [5–8]. However, there is an

interesting association of PLMD and RLS with attention

deficit/hyperactivity disorder [9], and it has also been

suggested that PLMD is associated with the age related

decline in renal function and related to several highly

specific symptoms of geriatric insomnia [10]. Increased

PLMS are also seen in otherwise healthy individuals [11].

Cross-sectional questionnaire studies revealed a 3.9%

prevalence of PLMD and a 5.5%prevalence of RLS [12].

The etiology of PLMS has not been elucidated, but their

occurrence in patients with complete spinal cord injury

indicates that spinal mechanisms are involved [13], whereas

dysfunction in the diencephalospinal system is discussed

with RLS [14].

It is unclear whether PLMD represents a clinically less
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severe form of RLS – in other words whether PLMD

represents the sleep disorder of RLS without limb

paresthesias. The present study investigated whether the

polygraphic measured sleep disorder in PLMD is different

from the sleep disorder in RLS.

2. Methods

2.1. Study population

Patients were diagnosed to have PLMD if they had more

than five periodic limb movements per hour of sleep,

occurring independent of arousals, without any complaint of

RLS but with complaints of insomnia and/or daytime

sleepiness. The diagnosis of PLMD was based exclusively

on the results of the polysomnography (PSG) and additional

clinical complaints of insomnia or daytime sleepiness in the

absence of other sleep disorders.

Twenty-seven patients with RLS (RLS patients) and 26

patients with PLMD but no RLS (PLMD patients),

examined by a neurologist, experienced in sleep studies,

were included in the study. The RLS patients were recruited

prospectively and consecutively. PLMD patients were

matched retrospectively according to age and sex (Table

1). PLMD patients were recruited consecutively from a 3-

year time period if they fulfilled the inclusion and exclusion

criteria.

PLMD was diagnosed if patients did not complain of

RLS symptoms but reported problems with nocturnal sleep

or daytime sleepiness, and if their PSG showed more than

five PLMS per hour of sleep in the absence of any other

significant sleep disorder. PLMD patients were initially

referred to the sleep lab because of difficulties in maintain-

ing sleep: frequent nocturnal awakenings without difficul-

ties initiating sleep (69.3%), daytime sleepiness without

insomnia (19.2%) and daytime sleepiness associated with

insomnia (11.5%), where insomnia relates to difficulties

initiating and maintaining sleep. Therefore, all PLMD

patients were suffering from clinical correlates to PLMS.

Two PLMD patients with complaints about sleep mainten-

ance had been treated with continuous positive airway

pressure (CPAP) at the time of the study because of

previously diagnosed obstructive sleep apnea. Patients who

received sleep- or PLMD-influencing medications (benzo-

diazepines, anticonvulsants, antidepressants, dopaminer-

gics, clonidine, opiates) within 1 week prior to the sleep

study or had an untreated sleep-related respiratory disorder

(i.e. snoring, sleep apnea syndrome) were excluded.

Patients were diagnosed with RLS if they fulfilled the

four criteria proposed by IRLSSG [2]. After the initial PSG,

patients with RLS have been treated with dopaminergic

medications and are examined every 6 months in our RLS

outpatient service.

2.2. Sleep studies

Digital PSG recording systems (Telefactor Corporation,

West Conshohocken, PA, USA; Brainlab, Schwarzer,

Munich, Germany) were used. Recording began around 10

p.m. and ended at 6 a.m. The PSG included six channels of

electroencephalogram (EEG, two paracentral, two frontal,

two occipital), electro-oculogram (EOG) and mental and

submental electromyogram (EMG). The surface EMGs of

both anterior tibial muscles were recorded as described by

Coleman [15]. Oro-nasal airflow was recorded with

thermistors mounted over the nose and mouth, and thoracic

and abdominal respiratory movements were recorded by

impedance plethysmography. A microphone attached near

the larynx recorded snoring. Arterial oxygen saturation was

measured continuously via a non-invasive infrared finger

probe. Electrocardiogram was recorded continuously

between the forearms. Sleep staging followed the rec-

ommendations of Rechtschaffen and Kales [16]. An apnea

was defined as a cessation of airflow lasting at least 10 s,

accompanied by a drop of SaO2 by more than 2% below the

Table 1

Comparison of sociodemographics and sleep variables in RLS patients vs. PLMD patients

RLS PLMD Difference between RLS and PLMD (P-value)

Age (years) 52.1 ^ 2.2 46.0 ^ 2.6 NS

Sex (% of men) 33.3 53.8 NS

St I (% of TST) 19.4 ^ 2.6 27.5 ^ 1.7 0.004

St II (% of TST) 38.7 ^ 3 39.4 ^ 2 NS

St III and IV (SWS, % of TST) 18.1 ^ 2.0 21.2 ^ 1.7 NS

REM (% of TST) 19.1 ^ 1.7 11.9 ^ 1.3 0.002

Wake-after sleep-onset (min) 78.6 ^ 10.4 49.4 ^ 6.9 0.037

TST (h) 7 ^ 3.3 5.5 ^ 1.4 NS

Sleep stage I latency (min) 23.9 ^ 7.8 25.6 ^ 5.4 NS

Sleep stage II latency (min) 46 ^ 11.6 40.7 ^ 6 NS

Sleep stage REM latency (min) 130.9 ^ 15.4 164.4 ^ 16.5 NS

Sleep efficiency (%) 73.3 ^ 3.3 79.3 ^ 3.1 NS

Total number of patients N ¼ 27 N ¼ 26

h, hour; min, minutes; NS, not statistically significant; PLMD, periodic limb movement disorder; REM, rapid eye movement sleep; RLS, restless legs

syndrome; sleep efficiency, total sleep time/time in bed; St, sleep stage; SWS, slow wave sleep; TST, total sleep time.
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immediately preceding baseline. A combination of criteria

widely used in ASDA-accredited sleep labs in the USA,

according to Moser et al. was applied for hypopnea scoring

[17]. Hypopnea was defined as a decrease of the airflow by

50% or more below the waking baseline, accompanied by a

drop of SaO2 by more than 2% below the immediately

preceding baseline. Arousal scoring followed the guidelines

suggested by the Atlas Task Force of the American Sleep

Disorders Association [18], which describe a visual scoring

method based on EEG and additional EMG of the chin

during REM sleep.

2.3. Data presentation and statistics

Data were analyzed using the SPSS statistical package

for Windows 7.5. They are presented as mean and standard

error of the mean (SEM) if not stated otherwise. The data

were tested for normal distribution with the Kolmogorow

Smirnov test. Data points between the two study groups

(RLS and PLMD) were compared using the Chi-square test,

Mann–Whitney U-test, Wilcoxon rank sum W-test and t-

test for normally distributed data. Data were analyzed for

correlation by the Pearson correlation test if normally

distributed and the Spearman correlation test if not normally

distributed. A P , 0:05 was considered significant.

3. Results

3.1. Study population

The RLS patients were slightly older than PLMD

patients (Table 1, not statistically significant). The mean

duration of restless legs complaints in the RLS group was

11.9 ^ 2.2 years.

3.2. Sleep stages

RLS patients had significantly more REM sleep and time

spent awake after sleep onset but before final awakening

(WASO) but less stage (st) 1 sleep than PLMD patients

(Table 1). Total sleep time (TST), sleep latencies and sleep

efficiency (SE, total sleep time divided by total time in bed,

expressed as percent) were similar in both groups (Table 1).

3.3. PLMS and PLM arousals (Table 2, Fig. 1)

The PLM index (PLMI, number of periodic limb

movements per hour of sleep) was higher in PLMD. Eight

of the 27 RLS patients had a PLMI lower than 5/h. The

index of arousal-associated PLMS (PLMAI, number of

arousal-associated PLMS per hour of sleep) was higher in

PLMD.

In PLMD patients, the PLMI correlated negatively with

the percentage of PLMS associated with an arousal

(Spearman’s correlation coefficient ¼ 20.462,

P ¼ 0:017), whereas this correlation was positive in RLS

patients (Spearman’s correlation coefficient ¼ 0.432,

P ¼ 0:024). The PLMI correlated positively with the

PLMAI only in RLS (RLS: Spearman’s correlation

coefficient ¼ 0.922, P , 0:0001, PLMD: Spearman’s cor-

relation coefficient ¼ 0.360, P ¼ 0:071).

3.4. Non-specific arousals (Table 2, Fig. 1)

The index of EEG arousals not associated with any sleep-

related event (total arousal index (TAI) 2 PLMAI, number

of EEG arousals not associated with any other sleep-related

event per hour of sleep) was higher in RLS patients

compared to pure PLMD patients.

When the eight RLS patients without PLMS were

excluded from the statistical analysis, we obtained similar

PLMIs and WASOs in both groups. The results regarding

EEG arousals, sleep stage percentages, sleep latencies and

sleep efficiency remained unchanged. The positive corre-

lation between PLMI and the percentage of PLMS-

associated EEG arousals was no longer significant in the

RLS group. When re-explored 1–2 years after the initial

PSG, none of the RLS patients were complaining about

daytime sleepiness after being successfully treated for the

RLS symptoms. Patients with PLMD who reported daytime

sleepiness ðn ¼ 8Þ had a mean TAI 2 PLMAI of 2.1/h

(range: 0–9.4/h).

4. Discussion

Unlike RLS, pure PLMD is not usually associated with

motor abnormalities or complaints during the waking state.

We investigated similarities in sleep structure and motor

phenomena during sleep in RLS and pure PLMD. Our

results show that several polysomnographic features in RLS

differ from those in PLMD. Some selection bias is possible,

since PLMD patients were age-matched ‘retrospectively’ to

the ‘prospectively’ recruited RLS patients, but our intention

Fig. 1. Frequency of spontaneous and PLM-associated arousals in RLS and

PLMD patients. The total arousal index per hour of total sleep time does not

differ significantly between groups. However, the number of spontaneous

arousals per hour of total sleep time is significantly higher in the RLS group

whereas the number of PLM-associated arousals per hour of total sleep time

is significantly lower than in the PLM group.
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was only to compare the sleep structures of RLS and PLMD

patients.

4.1. Arousals

RLS patients have more EEG arousals occurring

independent of PLMS than PLMD patients. Drewes et al.

[19] showed that pain stimuli during sleep resulted in

electroencephalographic arousal responses. RLS patients

reported pain or crawling and creeping sensations in the legs

or arms mainly while at rest in the evening, before sleep

onset and after nocturnal awakening. These paresthesias or

painful sensations probably persist during sleep because

RLS patients often report them on waking at night. The

work of Drewes et al. [19] suggests that the typical RLS pain

could cause the EEG arousals not associated with PLMS or

paresthesias during sleep.

Frequent non-specific EEG arousals (usually more than

10/h) also occur in upper airway resistance syndrome [20],

which is characterized by periodically increased esophageal

negative pressure, frequent snoring and daytime sleepiness.

Despite the low number of spontaneous EEG arousals per

hour of sleep (never more than 10/h) among PLMD patients

who complained of daytime sleepiness, we cannot exclude

the possibility that some PLMD patients had an underlying

upper airway resistance syndrome. Although we did not

employ esophageal balloon or catheter to detect simul-

taneous decreases of esophageal pressure with each breath,

we never observed snoring in the sensitive microphone

channel of the PSG or in the audio of the videotape. After

successful treatment of RLS symptoms with dopaminergic

agents (pergolide and levodopa) administered exclusively in

the evening, no RLS patient complained about daytime

sleepiness. This observation is contrary to some clinical

observations that sleepiness may be a common adverse

effect of dopaminergic therapy. However, our evening use

of L-dopa and pergolide, both known to have a short half-

life and, therefore, a potential low-risk of side effects during

the daytime, may explain this. Moreover, daytime sleepi-

ness was not observed as an adverse effect in randomized

controlled trials of pergolide and levodopa in RLS [21–23].

Dopaminergic medications are also reported to fragment

sleep, which may result in daytime sleepiness, but effective

dopaminergic therapy with pergolide and levodopa in RLS

usually improves sleep quality, even if normal sleep is not

reached. Since dopaminergic agents are not effective in

upper airway resistance syndrome, it is very unlikely that

upper airway resistance syndrome contributed to the non-

PLM associated EEG arousals.

Although we did not score autonomic arousals or

perform spectral analyses on EEGs, and, therefore, can

only comment on the visually detectable EEG arousals

(which indicated differences between RLS and PLMD),

there is vast literature about the relevance of autonomic

arousals unreflected by changes in the spectral analysis of

EEG and microarousals detected only by spectral analysis.

PLMS without EEG arousal have been associated with

tachycardia and increased delta and theta activity in RLS

and PLMS patients [24–26]. Autonomic activation not

associated with EEG arousals was shown to affect daytime

vigilance in normal individuals [27]. Further investigation is

needed to determine whether sleep structure of pure PLMD,

in terms of autonomic, delta and theta arousals, is different

from that of RLS.

4.2. Periodic limb movements of sleep

PLMS varied considerably from night to night in PLMD

patients, possibly influencing our results. However, the

night-to-night variations did not reach statistical signifi-

cance in earlier studies [28,29]. The inter-scorer reliability,

not assessed in this study, could also have somewhat

influenced our results.

A PLMI of more than 5 or 10/h is commonly used as a

supportive criterion of RLS. However, PLMD is seen in a

large number of people, especially the elderly, who have no

RLS complaints [30]. Montplaisir et al. [3] found that about

20% of 133 RLS patients had a PLMI lower than 5/h.

Slightly (not significantly, by Chi-square test) more number

of patients in our study than in Montplaisir et al. (n ¼ 8;

30%) reported typical RLS complaints without PLMS

during PSG. The increased rate of RLS patients without

PLMS in our study could be due to differences in RLS

severity, although this was not adequately assessed in either

study. Our findings confirm the low sensitivity of PLMS for

diagnosing RLS. However, the higher the PLMI in RLS

Table 2

Comparison of PLM and arousal indices in patients with RLS and patients with PLMD

RLS PLMD Difference between RLS and PLMD (P-value)

TAI (No/h) 21.0 ^ 2.6 16.4 ^ 1.9 (NS)

PLMI (No/h) 26.4 ^ 7.1 30.9 ^ 4.0 (0.041)

PLMAI (No/h) 9.5 ^ 2.0 13.0 ^ 1.5 (0.039)

TAI 2 PLMAI (No/h) 11.6 ^ 1.8 3.4 ^ 0.7 (0.001)

PLMAI/PLMI (%) 35.4 ^ 5.8 51.8 ^ 5.6 (0.050)

PLMAI/PLMI, percentage of periodic limb movements which is associated with arousals; PLMAI, index of periodic limb movement associated arousals

(number of periodic limb movement associated arousals per hour of total sleep time); PLMI, periodic limb movement index (number of periodic limb

movements per hour of total sleep time); TAI–PLMAI, index of spontaneous arousals (number of spontaneous arousals per hour of total sleep time); TAI, total

arousal index (number of arousals per hour of total sleep time).
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patients, the greater was the percentage of PLMS associated

with an EEG arousal. On the other hand, we found a

negative correlation of PLMI with the percentage of

arousal-associated PLMS in PLMD. Thus, in addition to

non-specific EEG arousals, PLMS indicate to some extent

the arousability and sleep disruption in RLS, but not in

PLMD.

4.3. Sleep stages

We found that RLS patients had more REM sleep than

PLMD patients, who had increased stage 1 sleep. The

administration of L-dopa reduces REM sleep in rats [31].

Thus, it can be speculated that increased REM sleep in RLS

could be the result of reduced L-dopa in the striatal area,

supporting the results of some imaging studies that reveal

mild striatal dopaminergic deficit in RLS patients [32–35].

There are, however, contradictory studies that found no

alteration of the striatal dopaminergic system inRLS [36,37].

5. Conclusion

RLS and PLMD are two polysomnographically distinct

disturbances of sleep patterns opposing the hypothesis that

PLMD might be a less severe form of RLS. To the best of

our knowledge, this is the first study to compare the sleep

structure of RLS with that of pure PLMD. Our findings

suggest that different pathophysiological mechanisms may

influence sleep in RLS and pure PLMD. Our results further

suggest that non-specific EEG arousals may be a potential

discriminative polysomnographic characteristic between

RLS and pure PLMD, pointing to the inclusion of

spontaneous EEG-arousals in the evaluation of sleep

disorders and drug therapy in RLS patients.
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