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To investigate the effect of the dopamine D2 and D1 receptor agonist cabergoline on sleep, periodic leg movements (PLMs) in sleep,

and early morning motor performance in patients with Parkinson’s disease (PD). It was hypothesized that cabergoline had long-lasting

beneficial effects on sleep and PLMs in sleep in patients with PD, after a single evening intake. A total of 15 patients with idiopathic PD

underwent two nights of polysomnography and motor tests (UPDRS, tapping test) before and after 6–8 weeks of treatment with

cabergoline (dosage: 3–6mg/day). Additionally, patients completed a subjective sleep visual analog scale (VAS) before and during

cabergoline treatment. Compared to baseline values, treatment with cabergoline did not change sleep efficiency or the amount of stage 1

and stage 2 sleep. The number of awakenings (22.47 10.1 vs 32.57 13.3, po0.05) and stage shifts (1197 42 vs 1487 46, po0.05)

were increased during treatment with cabergoline, and PLMs in sleep were reduced (PLM index 34.97 44.9 vs 6.77 4.2 per hour,

po0.05). Cabergoline significantly improved early morning motor function, and in spite of increased phase shifts and awakenings, patients

felt significantly more refreshed in the morning during cabergoline therapy. Cabergoline slightly fragmented sleep, without altering its total

amount. The functional significance of this finding is uncertain. The subjective quality of sleep improved, and periodic limb movements in

sleep decreased.
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INTRODUCTION

Sleep disturbance is present in more than 60% of patients
with Parkinson’s disease (PD) (Lees et al, 1988; Tren-
kwalder, 1998; Tandberg et al, 1998). Even 98% of PD
patients have experienced at least one symptom that was
disruptive to their sleep (Lees et al, 1988) during the
duration of their disease. Many factors are thought to
contribute to this sleep disruption, such as the disease-
related dopaminergic deficit, dopaminergic and nondopa-
minergic drug therapy, and motor symptoms, for example,
nocturnal akinesia, tremor, or periodic limb movements in
sleep (PLMS) (Poewe and Högl, 2000).

Recent studies show increasing evidence that the
disturbance of sleep and wakefulness in PD is most
intimately related to the disease itself and does not
exclusively represent a secondary phenomenon (Poewe
and Högl, 2000; Rye and Jankovic, 2002). This primary
effect of PD on sleep may be linked to an early recognized
(Wauquier, 1995), although only recently fully appreciated,
role of dopamine in modulating sleep wake state (Rye and
Jankovic, 2002) and a newly described mesothalamic
dopaminergic pathway (Freeman et al, 2001).
PLMS are trains of repetitive, quite stereotyped move-

ments in sleep frequently involving the lower limbs and
leading to myoclonic or dystonic muscle activity (Mont-
plaisir et al, 2000; Provini et al, 2001). PLMS occur
frequently in PD patients (Wetter et al, 2000) and are also
associated with sleep disorders involving a dopaminergic
impairment (Montplaisir et al, 2000).
Among the various factors, nocturnal akinesia is con-

sidered to play a major role in the pathomechanism of sleep
disturbance in patients with PD (Lees et al, 1988;
Trenkwalder, 1998). It is well known that nocturnal akinesia
and sleep disturbance in PD can be improved by optimizing
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dopaminergic therapy. However, treatment of nocturnal
symptoms with levodopa is complicated by its short half-
life, which is only in part resolved by using sustained release
formulations (Chouza et al, 1990; Pahwa et al, 1993).
Distinct from levodopa and other dopamine agonists, the
elimination half-life of cabergoline, a dopamine D2 and D1
receptor agonist, is longer than 65 h (Fariello, 1998). In spite
of once-daily dosing, stable plasma levels of cabergoline are
maintained (Lera et al, 1993). We hypothesized that
cabergoline would be, in particular, appropriate for
improving akinesia-induced sleep disturbance. The present
study was undertaken to evaluate the effect of monotherapy
or add-on therapy with cabergoline on sleep, periodic leg
movements in sleep, and morning motor performance in
patients with PD.

METHODS

Design

In this open clinical trial, we evaluated the effect of mono-
or add-on therapy with cabergoline on sleep variables
(analyzed by a blind rater, see below) and morning motor
function. The patients were evaluated before beginning
cabergoline therapy and 6–8 weeks later, when the optimal
cabergoline dose with respect to motor performance had
been reached. All patients underwent polysomnography and
morning motor evaluations and completed a subjective
sleep visual analog scale (VAS) before and while on
cabergoline therapy.

Patients

Patients with idiopathic PD were consecutively recruited
from the PD outpatient clinic. They were eligible, if they
were not receiving therapy for PD (de novo patients) or if
pretreatment with dopaminergic agents was unsatisfactory
with respect to motor symptoms. Patients with suspected
multiple system atrophy or other clinically atypical PD,
dementia, or drug-induced hallucinations were excluded
from the study.
A total of 17 patients with idiopathic PD were included.

Two dropped out of the study, as they did not agree to a
second polysomnography during cabergoline therapy.
Despite leaving the study, both patients wished to continue
treatment with cabergoline.
In all, 15 patients completed the protocol (eight males,

seven females, mean age 63.97 9.5 years, mean duration of
PD symptoms 4.57 3.3 years). Hoehn and Yahr stage (Fahn
et al, 1987) was 2.5 (1–3) (median, range). Six patients were
de novo, and nine had been pretreated with levodopa (200–
800mg/day).
Drug titration was started with 1mg of cabergoline in the

evening, and weekly increased by 1mg until a sufficient
control of motor symptoms was reached according to the
patients’ opinion. In parallel, the daily levodopa dose was
reduced according to the extent possible without worsening
of motor state.
Polysomnography was performed with a Schwarzer ED24

polysomnograph with paper printouts (Schwarzer Inc.,
Munich, Germany) using a standard polysomnography
montage (Rechtschaffen and Kales, 1968) including C3,

C4, A1, and A2, electro-oculography and chin-electromyo-
graphy. Additionally, EMG of both tibialis anterior muscles
was recorded for leg movements, and recording of ECG and
respiratory variables (oro-nasal airflow, tracheal micro-
phone, thoracal and abdominal respiratory effort, and
oxygen saturation) was performed. In the baseline and
treatment condition, two consecutive nights were recorded.
The first night was considered an adaptation night, and only
the results from the second night were used for analysis.
Sleep was scored according to standard criteria (Rechtschaf-
fen and Kales, 1968; ASDA, 1992). REM sleep without atonia
and REM sleep behavior disorder were defined according to
proposed criteria (Lapierre and Montplaisir, 1992; Maho-
wald and Schenck, 1995). Amounts of wakefulness and sleep
stages were calculated as percentage of sleep period time.
Sleep stage scoring was performed by an experienced
technician blind to the patients’ condition and treatment
and was supervised by one of the authors, who also
evaluated the studies for presence of REM sleep without
atonia and sleep-disordered breathing (TCW).
Periodic leg movements (PLM) in sleep were recorded

and counted by a blind rater according to the ASDA
taskforce recommendations for PLM (ASDA, 1993). PLM
counts are given as indices (PLM/h). The minimum index
calculated was 5 per hour (PLM indices below 5 were
calculated as o5).

UPDRS Motor Scale and other Subtests, Tapping Tests

In addition to sleep evaluations, the effect of cabergoline on
morning motor performance at baseline was monitored
with UPDRS III (Fahn et al, 1987) and with additional
tapping tests at 0800 in the morning before intake of any
morning medication. The 1-min tapping rate was calculated
as the number of times the patient could tap on two
4� 4 cm marks placed on a board 30 cm apart during 1min.
Tapping rates from both hands were added. All motor tests
were performed by a single rater (AR). The last previous
evening dose of medication was allowed at 1800. Also, the
mentation behavior and mood, activities of daily living, and
side effects of therapy subscales of the UPDRS (Fahn et al,
1987) were recorded at baseline and while on cabergoline
therapy.

Subjective Sleep Perception

The patients also gave subjective estimates of sleep on self-
administered VASs with four items (Table 2). The VAS was
completed on the morning of the second study day. Each
answer could be graded from 1 (worst) to 10 (best).

Side Effects

During the entire study period, there were no clinically
relevant side effects to be observed except mild nausea
without the necessity to administer domperidon in any
patient. Blood pressure had not been systematically
controlled, but no patient reported signs of orthostatic
hypotension. One patient had intermittent diarrhea during
cabergoline therapy. One patient suffered from psychosis
shortly after the study period (dosage cabergoline 4mg, L-
DOPA 400mg) and cabergoline had been stopped immedi-
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ately and clozapine had been started until the psychosis
remitted.

RESULTS

The final cabergoline dose (leading to optimum motor
performance during the day) ranged between 3 and 6mg
(median: 5mg). After addition of cabergoline, the levodopa
dose was reduced in five patients, but in no patient was it
discontinued (range of reduction: 50–200mg/day). One
patient each had additional selegiline, tolcapone, and
budipine, which were all maintained after addition of
cabergoline.

Polysomnography and PLMs

Total amount of sleep, wakefulness after sleep onset, sleep
and REM sleep latency, and relative amounts of sleep stages
were not different before and during treatment with
cabergoline (see Table 1). Significant increases in stage
shifts, awakenings, and movement time were found with
cabergoline therapy (Table 1). Increased tonic or phasic
muscle activity during REM sleep (corresponding to REM
without atonia) was present in seven subjects and was
qualitatively not altered by cabergoline therapy. Four
patients had mild or moderate sleep disordered breathing
with respiratory distress indices between 10 and 20/h.
A significant decrease in PLMs was found during

cabergoline treatment compared to baseline (PLM index
34.97 44.9 vs 6.77 4.2 while on cabergoline treatment,
p¼ 0.022) (see Table 1).

Motor Tests

UPDRS activity of daily living (part II), motor part (part III)
and tapping tests were significantly improved on cabergo-
line therapy compared to baseline (see Table 2).

Sleep Perception

The results of the subjective sleep scale are given in Table 2.

DISCUSSION

In this prospective, open study, cabergoline treatment
increased arousals, stage shifts, and awakenings, although
quantitative polygraphic measures of sleep were maintained
and subjective measures of sleep quality even improved.
Cabergoline significantly reduced PLMS and improved early
morning akinesia.
Polysomnographic recordings at baseline presented with

a low sleep efficiency and high sleep fragmentation
(expressed in increased stage shifts and arousals), which
is typical for PD (Askenasy, 1993). With cabergoline
therapy, we found a trend towards increased stage 1 and
stage 2 sleep. However, epoch assignment to conventional
Rechtschaffen and Kales sleep stages has a limited reliability
in PD (Bliwise et al, 2000), a drawback, that can possibly be
resolved by more sophisticated forms of analyses (Brunner
et al, 2002). When non-REM sleep stages one to four
were summed up as has been proposed for PD (Bliwise
et al, 2000), there was still no difference in the amount
before and during cabergoline therapy. In contrast to other
dopamine agonists (Cianchetti et al, 1980; Askenasy and
Yahr, 1984), cabergoline produced no significant REM sleep
suppression in our study. This might be due to the
submaximal dose, or could indicate that a potential
REM-sleep suppressing effect of cabergoline was partially
counteracted by the improved mobility during sleep
that may have facilitated the appearance of higher amounts
of REM sleep.
Although sleep efficiency was not affected, polysomno-

graphy showed a significant increase in arousals and
awakenings in patients on cabergoline. This may be
interpreted as a reduced sleep state stability of cabergoline

Table 1 Sleep Variables and Periodic Leg Movements

Baseline Treatment p

Total time of sleep (min) 3607 71 3737 54 NS
Sleep efficiency (%) 75.07 14.8 77.87 11.4 NS
Sleep onset latency (min to stage 2) 27.47 30.1 14.97 13.8 NS
REM sleep latency (min) 86.97 79.2 90.77 66.9 NS
Sleep period time (SPT; min) 4457 30 4547 22 NS
Wakefulness after sleep onset (% SPT) 20.27 14.3 21.27 9.6 NS
Stage 1 (% SPT) 8.07 4.2 11.37 7.5 NS
Stage 2 (% SPT) 48.27 12.4 53.47 10.9 NS
Stages 3+4 (% SPT) 10.97 15.9 6.07 7.1 NS
REM sleep (% SPT) 17.67 6.6 13.77 7.3 NS
Movement time (% SPT) 0.057 0.1 0.27 0.2 0.042
Stage shifts (n) 1197 42 1487 46 0.017
Awakenings (n) 22.47 10.1 32.57 13.3 0.013
REM density 2.317 0.81 2.197 1.09 NS
Periodic leg movements index (PLM/h of sleep) 34.97 44.9 6.77 4.2 0.022

Polysomnographic data from 15 patients before (baseline) and during cabergoline therapy (treatment).
Definitions: sleep efficiency, total time of sleep per time in bed (TIB). TIB was fixed at 480min; movement time
(Rechtschaffen and Kales, 1968), relative amount of 30 s epochs, which could not be scored due to artefact by gross
body movement; stage shifts, number of changes in sleep state (eg between stage 1 and stage 2, or between stage 2
and REM), as a measure of sleep state instability; REM density, number of 3-s miniepochs of REM sleep containing
one or more rapid eye movement divided through total number of 3-s miniepochs of REM sleep; statistics, statistics
included MANOVA with post hoc t-tests and Bonferroni correction for multiple comparisons.
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and is in line with increased spontaneous awakenings
despite greatly reduced PLM in patients with restless legs
syndrome undergoing treatment with the dopamine agonist
pergolide (Wetter et al, 1999). As nocturnal akinesia is a
major problem in patients with PD (Laihinen et al, 1987), an
increase in movement time as measured in this study may
indicate a treatment-induced restoration of nocturnal
mobility. The increase of movement time could therefore
be related to sleep improvement despite increased sleep
fragmentation. In normal subjects, an inverse correlation
between movement time, sleep depth, and sleep quality has
been described (Blagrove et al, 1998).
Interestingly, the patients themselves found their sleep

more refreshing while on cabergoline therapy. The func-
tional significance of arousals during sleep in PD patients
has not been elucidated, but the findings could point to a
preponderance of nocturnal mobility over arousal counts
for subjective sleep perception. However, as this was an
open study, these subjective results should be interpreted
with caution as a placebo effect cannot be ruled out.
The significant reduction of PLM under cabergoline

treatment is in line with recent findings for cabergoline
and other dopamine agonists in patients with PLM due to
restless legs syndrome (Wetter et al, 1999; Montplaisir et al,
1999; Stiasny et al, 2000). As the frequency of arousals was
not reduced during cabergoline therapy, this might indicate
that PLMS are not the major cause for sleep fragmentation
in PD patients.
Another finding of our study was a significant improve-

ment in morning motor performance 24 h after the last
cabergoline intake, attributable to the specific pharmaco-
kinetic properties of cabergoline (Lera et al, 1993; Ahlskog
et al, 1994).
Due to the relatively small number of subjects and the

open-label nature of this study, the results should be
considered preliminary and confirmed in a double-blind
placebo-controlled trial.
We conclude that a single morning dosage of cabergoline

might be specifically useful in PD patients with sleep
problems, if nocturnal akinesia or PLM is suspected to
contribute to the sleep disturbance.
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Trenkwalder C (2000). Sleep and periodic leg movement patterns
in drug-free patients with Parkinson’s disease and multiple
system atrophy. Sleep 23: 361–367.

Wetter TC, Stiasny K, Winkelmann J, Buhlinger A, Brandenburg U,
Penzel T et al (1999). A randomized controlled study of
pergolide in patients with restless legs syndrome. Neurology
52: 944–950.

Effect of cabergoline on sleep
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