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Abstract
Background—Periodic Leg Movements in Sleep (PLMS) are non-epileptiform, repetitive
movements of the lower limbs that have been associated with apparent dopamine deficiency. We
hypothesized that elderly patients with a disease characterized primarily by dopamine depletion
(Parkinsonism) would have higher rates of PLMS than aged matched controls or a different
neurodegenerative condition not primarily involving a hypodopaminergic state, Alzheimer’s
Disease (AD).

Methods—We compared rates of PLMS derived from in-lab overnight polysomnography in
patients with Parkinsonism (n = 79), AD (n = 28), and non-neurologically impaired, community-
based controls (n = 187).

Results—Parkinsonian patients not receiving levo-dopa had significantly higher rates of PLMS
than did Parkinsonian patients receiving levo-dopa, as well as higher rates than seen in AD and
controls. Other medications did not appear to exert the pronounced effect of levo-dopa on PLMS
in this Parkinsonian patient population. The symptom of leg kicking was reported more frequently
in Parkinsonism, and it was associated with higher rates of PLMS. Caregiver reported leg kicking
was unrelated to PLMS in AD.

Conclusions—Results are broadly compatible with a dopaminergic hypothesis for PLMS in
Parkinsonism. The clinical significance of the negative findings in AD patient requires further
investigation.
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INTRODUCTION
Periodic Leg Movements in Sleep (PLMS) are repetitive, non-epileptiform, movements of
the lower limbs that show marked, age-dependent prevalence [1] and appear to be at least
partially under dopaminergic control. Evidence for the latter includes pharmacologic trials
successfully decreasing the presence of PLMS with levo-dopa [2] or D2/D3 receptor
agonists [3,4], as well as neuroimaging studies of such patients suggesting down regulation
of flurodopa (18F-DOPA) binding in the putamen and/or caudate [5] and decreased single
photon emission computed tomography (SPECT) D2 receptor binding throughout the
striatum [6,7]. Not all data, however, suggest a primary deficiency of dopamine as the
pathophysiologic basis for PLMS and its overlapping, but not identical, clinical condition,
restless legs syndrome (RLS). For example, SPECT neuroimaging of the dopamine
transporter (DAT) has not shown changes in patients with PLMS [8], and cerebrospinal fluid
analyses for dopamine and metabolites in patients with PLMS/RLS have not shown
consistent differences from controls [9, 10]. In this study we further examined the hypo-
dopaminergic hypothesis by studying the prevalence of PLMS of a broad range of elderly
Parkinsonian patients, as well as age-matched controls. We also included, as a positive
control group, unmedicated patients with Alzheimer’s Disease, a patient population on
which few data exist on PLMS prevalence.

METHODS
Patients

We performed overnight, in-laboratory polysomnography (PSG) from 79 (63 men, 16
women) patients with Parkinsonian syndromes (including 70 with idiopathic Parkinson’s
Disease, 5 with possible multiple system atrophy (P type, N = 3; C-type N = 2) [11], 3 post-
encephalitic Parkinsonism and 1 with drug-induced Parkinsonism), 28 patients (18 men, 10
women) with Alzheimer’s Disease (AD) and 187 (53 men, 134 women) elderly community
dwelling controls without known neurodegenerative disease. These studies were conducted
by grants from the United States National Institutes of Health (see Acknowledgements).

Parkinsonian patients met cardinal criteria for the condition, having at least 2 of the
following: bradykinesia, rigidity, resting tremor and postural instability. They had been
diagnosed 8.1 (SD = 6.9) years prior to study. Hoehn-Yahr ratings (1–5) [12] indicated a
mean rating of 2.9 (SD = 1.1); 73 % of patients had at least moderate bilateral involvement
(i.e., Hoehn-Yahr rating > 2). Medications used by the Parkinsonian patients receiving levo-
dopa (n = 56) included: various dopamine agonists (n = 30), monoamine oxidase uptake
inhibitors (n = 22), amantadine (n = 17), trihexyphenidyl (n = 9), anti-depressants including
tricylic antidepressants and serotoninergic/noradrenergic reuptake inhibitors (n = 26),
benzodiazepines (n = 11), and anti-psychotics with partial dopaminergic blockage (n = 5).
Among the 56 patients receiving levo-dopa, the mean daily dose was 779.5 (SD = 506.0) mg
(range 50–2650 mg). Patients receiving levo-dopa were more likely to have a Hoehn-Yahr
rating > 2 (89.1% vs 31.8% chi-square = 25.99, p < .0001), but were not significantly older
(t = 0.88, p = 0.38) than those not receiving levo-dopa. Of the 23 Parkinsonian patients not
receiving levo-dopa, usage of various medications included small numbers of patients
receiving dopamine agonists (n = 2), trihexyphenidyl (n = 1), monoamine oxidase uptake
inhibitors (n = 2), benzodiazepines (n = 3), and anti-depressants (n = 6). Of the 30 patients
receiving levo-dopa and a dopamine agonist, the combined mean levo-dopa dose
equivalence [13] was 1203.0 (SD = 628.9) mg (range 375–2750 mg).

All AD patients met NINDS-consensus criteria for probable AD [14]. AD patients (mean
age = 67.8 [SD = 8.7]) were all community dwelling and resided with caregivers at the time
of study. They were moderately demented (mean [SD] Mini-Mental State Exam = 17.8
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[6.8]) [15]; cognitive decline was estimated by caregivers as beginning 5.3 (SD =3.5) years
before undergoing polysomnography. None had Parkinsonism, which together with
fluctuations and hallucinations, would be suggestive of Lewy Body Dementia. AD patients
were unmedicated with any psychotropic medications at the time of polysomnographic
evaluation; none were receiving cholinesterase inhibitors.

Controls (mean age = 65.3 [SD = 8.2]) served as a community-based population for the
study of sleep disordered breathing [16–18]; 17% used psychotropic medications on an
intermittent basis, including 14 (7.5%) on anti-depressant medications, but, whenever
possible, they were asked to suspend these prior to the lab night.

Table 1 indicates comparable age composition across groups. Patients and controls provided
Informed Consent under IRB-approved protocols at Emory University and Stanford
University. For AD patients, caregivers provided Informed Consent.

Procedures
Conventional PSG, including electroencephalography, electroocculography, surface
mentalis electromyography (EMG), single lead (II) electrocardiography, respiratory effort
and airflow, pulse oximetry and two channels of bilateral anterior tibialis (AT) EMG were
recorded. To maintain high reliability for scoring sleep stages in patients with
neurodegenerative disease we scored only waking, NREM and REM sleep in the
Parkinsonian and AD patients, as we have previously established high reliability for only
those stages in such patients [19]. AT EMG recordings were scored for the presence of
PLMS using conventional criteria for both movements and accompanying arousals [20, 21].
The total numbers of PLMS and PLMS with arousal were adjusted for a rate per hour to
yield a PLMS Index (PLMSI) and a PLMS with Arousal Index (PLMSAI). We scored a
movement as associated with an arousal only when the arousal occurred concurrently with a
leg movement or within 2 seconds subsequent to that movement. Arousals occurring before
the initiation of a leg movement were assumed to be related to other factors or represented
spontaneous events and were not included in the tally of the PLMSAI.

PLMS are often associated with symptoms such as leg kicking during sleep. They also are
often associated with restless legs syndrome (RLS). In this study, we did not select
participants on the basis of the presence or absence of RLS, however, we employed a single
questionnaire item inquiring how often (over the preceding 6 months) the individual
experienced leg twitches or kicks during the night during sleep. This could be answered
never (1), rarely (2), sometimes (3), most of the time (4), always (5) or left blank. Controls
and Parkinsonian patients completed this question individually. Caregivers completed the
question for the AD patients. For group comparisons on this item, we used the
aforementioned scaled numeric responses for those individuals who responded. We also
examined the association between responses on this item and PLMS by combining
categories (never/rarely versus sometimes/most of the time/always) and relating these to a
PLMSI value of 10 events/hr or higher.

RESULTS
Table 1 shows PSG results from the 4 groups and indicates that both Parkinsonian groups
demonstrated lower Total Sleep Times (TSTs) and Sleep Efficiencies (SEs) relative to
Controls. REM (expressed as a percentage of TST) was higher in Controls relative to all 3
patient groups, although specific comparisons did not exceed the Scheffe threshold.
Comparisons of REM% between individuals using and not using anti-depressant
medications among the Parkinsonian patients (32 of 79) and among the controls (14 of 187)
were not statistically significant (t = .40, p = .69; t = .73, p = .47, respectively).
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Figures 1a and 1b illustrate the PLMSI and PLMSAI (events/hr) across the 4 groups. There
were no sex differences in PLMSI or PLMSAI in any patient group, although among
Controls, men had higher PLMSI than women (25.4 [36.0] versus 12.7 [20.1], t = 2.43, p =
< .02). Oneway Analyses of Variance indicated a significant main effect for PLMSI (F =
5.62, p = .0009) but not for PLMSAI (F = 1.83, p = .14) (for both: df 3, 290). Scheffe
adjusted contrasts indicated that Parkinsonian patients unmedicated with levo-dopa showed
significantly higher PLMSI levels than either of the three other groups. Among the 56
patients receiving L-dopa, dosage was related only marginally to PLMSI (rho = −.216, p = .
109) and PLMSAI (rho = −.217 p = .108). Younger patients and patients with longer disease
duration were more likely to be receiving higher doses (rho = −.414, p < .002 and rho = .
539, p < .0001, respectively).

There were no significant differences in PLMSI or PLMSAI when comparing those using
and not using any of the foregoing medication classes (i.e., agonists, monoamine oxidase B
inhibitors, amantadine, trihexyphenidyl, benzodiazepines, atypical anti-psychotics), either
within the 56 levo-dopa medicated Parkinsonian patients, or among those 23 individuals not
receiving levo-dopa. There were also no differences in PLMSI or PLMSAI when comparing
those individuals taking versus not taking anti-depressants. Patients not receiving levo-dopa
had significantly shorter disease duration (2.9 [4.1] vs 10.3 [6.7] years, t = 5.92, p < .0001)
than those receiving levo-dopa.

We examined further the possible effects of dopamine agonists on PLMS among those 30
Parkinsonian patients receiving both levo-dopa and dopamine agonists. In these analyses, we
converted each patient’s dopamine agonist dose to its levo-dopa equivalent and then
summed the total daily dose of each patient as a cumulative levo-dopa dose equivalent. The
correlations between summed levo-dopa daily dose equivalent and PLMSI/PLMSAI and
between levo-dopa dose alone and PLMSI/PLMSAI were all non-significant and did not
differ in magnitude, suggesting that dopamine agonist use among these patients did not
contribute a pharmacologic effect on the absence or presence of PLMS.

The symptom of leg kicking significantly differentiated the 4 groups (Table 1) with Scheffe
comparisons indicating that both groups of Parkinsonian patients more likely to report this
symptom than either Controls or the AD patients (via caregiver report). The 2 Parkinsonian
groups did not differ on this symptom and therefore were combined to examine associations
with PLMS. Parkinsonian patients reporting that they never or rarely experienced leg
kicking during sleep were significantly less likely to demonstrate a PLMSI of ≥ 10
movements/hour than those reporting that they sometimes, often or always experienced this
symptom (12.5 % vs 55.6 %, p = .047, Fisher’s exact test, 2-tailed). A similar pattern was
seen in controls (33.8 % vs 54.6 %, p =.044, Fisher’s exact test, 2-tailed) but not in AD
(Fisher’s exact test, 2-tailed, p = 1.00).

DISCUSSION
Our data indicate that Parkinsonian patients not receiving levo-dopa have higher rates of
PLMS when compared aged Parkinsonian patients receiving levo-dopa, the latter not
differing from AD patients or elderly control subjects. The Parkinsonian patients also
showed a greater likelihood of symptomatic leg kicking than did AD patients or controls,
however, we did not collect systematically any data from bedpartners or spouses of
Parkinsonian patients. Such data would have provided an additional valuable source of data
on behavioral abnormalities among those patients. Additionally, asking patients themselves
questions regarding the sensory components of restless legs syndrome would have provided
valuable adjunctive information. At least one previous study [22] suggested higher rates of
PLMS in unmedicated Parkinson’s Disease patients relative to controls, though that study
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did not report severity of symptoms associated with PLMS. The mean PLMSI in our non-
levo-dopa treated patients approached, but was somewhat lower, than that reported by
Wetter et al [22] in unmedicated patients (37.6 vs 68.3 events per hour), although our
controls were slightly higher (16.3 vs 10.6 events per hour) than theirs. These data thus are
confirmatory of high rates of PLMS in Parkinsonism and are broadly compatible with either
pre- and/or post-synaptic dopamine dysfunction underlying their occurrence [23]. We did
not detect any evidence that usage of anti-depressant medication was associated with higher
rates of occurrence PLMS (or lower REM%) in either the controls or the Parkinsonian
patients, a finding well-documented in other studies of non-Parkinsonian patients, however
this effect may not be uniform across various types of anti-depressants [24, 25]. Our study
did not have sufficient power to examine the effects of different types of medications on
PLMS within this drug class. We also did not see any effect of other medication classes on
PLMS for Parkinsonian patients using levo-dopa. In addition to insufficient power to detect
such effects, this could reflect the relatively advanced state of disease of these patients.

The absence of serotonergic influences on PLMS in this study was somewhat surprising
given the known effects reported elsewhere [24, 25], although the mechanisms underlying
the worsening of PLMS with serotonergic agonism are uncertain [26]. Impairments in iron
metabolism have also been thought to represent a substrate for the presence of PLMS, based
on diverse evidence such as circadian fluctuation in serum iron in early evening (coinciding
with peak restless legs symptoms), lower brain iron in basal ganglia structures on brain MRI
in RLS patients, and post-mortem findings of decreased staining for iron and ferritin (see
[27] for review). Unfortunately, we did not have measurements of iron metabolism in this
study with which to test this hypothesis.

We did not find that PLMS accompanied by arousal (PLMSAI) differentiated these groups,
possibly reflecting the somewhat lower inter-rater reliability for scoring leg movements with
arousal [28]. In fact, the lower levels of reliability in assessing brief arousals during sleep
[29] have led some individuals to focus more specifically on autonomic variability
accompanying PLMS as an indicator for arousal [30]. We did not have such data to explore
this possibility here.

Interestingly, although some selective monoaminergic depletion in AD has been recognized
for many years (e.g., loss of D2 receptors in caudate, putamen, amyglada and hippocampus)
[31–33], even in the absence of extrapyramidal signs [34], and this depletion has been
implicated in behavioral syndromes in AD [35–37], our AD patients did not demonstrate
elevated rates of PLMS. It is possible that these particular AD patients, unlike our patients
with Parkinsonism, simply did not incur as widespread and pervasive a dopaminergic deficit
that predisposes for the presence of PLMS. Absence of a detectable association between
PLMS and reported leg kicking in the AD patients also suggested reduced caregiver
awareness of this symptom.

The summary statement from the 2002 National Institutes of Health Workshop on Restless
Legs Syndrome [38] raised the possibility that RLS in dementia patients could be manifested
as wandering and pacing, but remained ambiguous as to whether this was considered to be
relevant to all forms of dementia or was limited to a particular form of dementia (e.g., AD,
Vascular Dementia, Dementia with Lewy Bodies, Frontotemporal Dementia). Perhaps the
most likely forms of dementia expected to demonstrate RLS (and perhaps, by inference,
PLMS as well) would be the synucleinopathies [39], rather than the amyloidopathies,
although empirical studies in support of this remain scant [40]. No studies to date have
reported on prevalence of PLMS in well-characterized AD patients. Caregiver reports of
RLS symptoms suggested greater likelihood in Dementia with Lewy Bodies relative to AD
[41], but an earlier study suggested that the caregiver reported prevalence of leg kicking in
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AD patients over twice that of controls [42]. Evidence supporting an association between
wandering in dementia and RLS and/or PLMS has been reviewed elsewhere and is largely
speculative [1]. As one example of such evidence, neuroimaging studies have suggested
reduced dopamine reuptake in the caudate and putamen among AD patients who wander
relative to those who did not [43, 44]. Attempts to have mild-to-moderate AD patients
respond to detailed questions regarding RLS symptoms proved unproductive [45], although
behaviorally observed signs of RLS in AD [46] in the early evening hours were predictive of
agitation on a standard rating scale [47]. Our data, using both PSG-recorded PLMS as well
as a simple caregiver-based question about leg kicking in sleep, were unable to demonstrate
that AD patients demonstrated increased risk for PLMS. Future studies, examining PLMS in
patients with both amyloidopathies and synucleinopathies and relying on caregiver
observations of wandering and pacing will be necessary to more fully understand PLMS,
both with and without concomitant RLS, in dementia.
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Figure 1.
Periodic Leg Movements in Sleep Across Four Groups. Figure 1a shows mean (SD) PLMS
Index (movements per hour of sleep) on the y-axis for each group. Figure 1b shows mean
(SD) PLMS Arousal Index (movements with arousal per hour of sleep) on the y-axis for
each group. Oneway Analyses of Variance indicated a significant main effect for PLMSI but
not PLMSAI (see text).
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