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Introduction

Patients affected by Parkinson’s disease (PD) frequently
complain about sleep-wake cycle disturbances; several
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Abstract Objective To investi-
gate the sleep-wake cycle and the
effects of cabergoline monotherapy
in a homogenous group of de novo
Parkinson’s Disease (PD) patients
without confounding comorbid
factors. Design and participants
Twelve de novo patients affected by
idiopathic PD underwent two
ambulatory polysomnographic (A-
PSG) monitoring sessions. The first
was performed at baseline, and the
second recording one-month after
stable treatment with cabergoline
monotherapy. Subjective daytime
sleepiness was evaluated by means
of the Epworth Sleepiness Scale.
Data obtained in PD patients at
baseline were compared with those
obtained in 12 age- and sex-
matched healthy subjects. Results

Diurnal sleep parameters did not
show significant differences
between controls and PD patients
at baseline. In PD patients, no
significant changes in diurnal sleep
were observed between baseline
and cabergoline treatment. Regard-
ing nocturnal sleep, patients at
baseline showed a significantly
lower sleep efficiency and a signifi-
cantly higher Wakefulness After
Sleep Onset than controls. With
respect to baseline, a significant
increase in REM latency and a
significant reduction in REM sleep
were observed during cabergoline
treatment. Conclusions In the early
stage of PD, the neurodegenerative
process does not seem to be di-
rectly responsible for daytime
somnolence, but it may be directly
involved in the alteration of noc-
turnal sleep. Cabergoline mono-
therapy does not affect daytime
sleep propensity and, despite clini-
cal improvement, it may have nega-
tive effects on REM sleep.
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factors, indeed, may impair nocturnal sleep. Sleep ab-
normalities can be due to PD-related motor phenomena
such as nocturnal bradykinesia/akinesia and rigidity,

resting tremor, dystonia/dyskinesias or nocturia, as well
as concomitant sleep disorders such as restless leg syn-



drome (RLS), periodic limb movements (PLMS), circa-
dian rhythm alteration, sleep disorder breathing (SDB)
and REM sleep behavior disorder (RBD) [1-3]. In addi-
tion, daytime sleepiness and sleep attacks have been re-
cently described during both ergot and nonergot dopa-
mine agonists use (DA) [4-6],as well as during levodopa
treatment [7, 8]. At present, the relationship between
sleep, sleepiness, antiparkinsonian treatment and PD is
still debated [7, 9-13]. Despite numerous studies evalu-
ating sleep in PD, it is not yet clear if sleep disorders are
a consequence of the illness itself or if these disorders
depend on other factors such as the pharmacologic
treatment or comorbid conditions. Furthermore, poly-
somnographic recordings were obtained in relatively
few studies carried out in PD patients, albeit they might
be crucial to exclude concomitant sleep disorders com-
monly associated with PD.

Cabergoline (CBG) is an ergot-derived antiparkinso-
nian drug with both D1 and D2 receptor agonist action.
Its efficacy, long half-life (65 h) and tolerability make
this drug a valid therapeutic option in early PD [14].
Add-on CBG therapy has been reported to improve sleep
quality in advanced PD [15, 16].

The aims of our study were (i) to investigate the sleep-
wake cycle of a homogenous group of drug-naive idio-
pathic PD patients who were not affected by other con-
founding comorbid factors and (ii) to study the effects
of cabergoline (CBG) monotherapy on diurnal and noc-
turnal sleep in this PD group considered as a prospective
cohort.

Methods

Twelve de novo never treated (except for diagnostic pharmacological
challenge) PD outpatients were consecutively enrolled in our study.
Patients (mean age 59.1£8.5 y.0., range 46-70; 6 males, 6 females)
suffered from idiopathic PD, diagnosed according to the United King-
dom Parkinson’s Disease Society Brain Bank criteria. PD severity was
assessed using the Hoehn and Yahr stage [17] and patients’ clinical
disability was assessed by the motor examination section of the Uni-
fied Parkinson’s Disease Rating Scale (UPDRS III) [18]. The control
group included 12 age- and sex-matched healthy subjects (58.5+9.2
y.0.,range 43-70, 6 males, 6 females). Caffeine, tobacco, alcohol use or
medications interfering with the central nervous system were not al-
lowed. Participants affected by neoplastic, endocrine, psychiatric, re-
spiratory illness, dementia (Mini Mental State Examination <27) and
overweight subjects (Body Mass Index >28) were excluded. The ex-
clusion criteria included depression and anxiety, assessed by the
Hamilton Anxiety Scale and the Hamilton Depression Rating Scale.

All patients gave their informed consent. Details on patients’ de-
mographic and clinical features are summarized in Table 1.

Patients underwent two 48-hour ambulatory polysomnographic
(A-PSG) monitoring sessions in order to evaluate diurnal and noctur-
nal sleep. The first 24 hours of each monitoring session were con-
sidered as adaptation and only results from the remaining 24 hours
were analyzed.

The first A-PSG monitoring session was performed at baseline,
with drug-free patients. Afterwards, all patients started cabergoline
(CBG) treatment (starting dose 0.5 mg per day). The daily dose of
CBG was then increased stepwise by 0.5 mg per week to achieve a
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Table1 Demographicand clinical features of PD patients

Age

mean + SD (range) 59.1+8.5yrs (46-70)
Gender

male 6 pts

female 6 pts

Reported disease duration

mean = SD (range) 13+ 3 months (8-18)

H&Y

mean + SD (range) 1.37£0.4(1-2)
(CBG daily dose

mean =+ SD (range) 3+1.3mg (2-4.5)
UPDRS (section Il)

Baseline

mean = SD (range) 14.6 +5.8 (9-20)

relevant improvement of parkinsonian symptoms (see Table1). The
second A-PSG was performed one month after stable CBG monother-
apy (mean daily dosage 3 + 1.3 mg, range 2-4.5 mg/day, administered
at 8 AM in a single dose). The mean time-interval between the two
A-PSGs was 68 + 16 days, range 52-87.

Prior to each A-PGS monitoring session a neurologist, blind to the
study design, evaluated PD patients’ clinical disability by means of the
UPDRS-IIL; each patient was required to reply to a structured inter-
view on nocturnal sleep patterns, daytime napping and somnolence.
Moreover, patients were instructed to maintain the usual sleep sched-
ule during the week prior to each evaluation day and to fill in a sleep
log. In particular, they had to signal light “off”, subjective sleep onset,
light “on”, sleepiness, voluntary napping or diurnal sudden sleep epi-
sodes.

Recordings were performed through an ambulatory dynamic
polygraph (Halley System, EBNeuro, Florence, Italy). The signal was
stored on a flash card utilizing a common average reference and a
time constant of 0.3 s. Electrodes were positioned according to the
10-20 International System. Specifically, the montage consisted of two
oculographic channels, three electromyographic channels (mental
and anterior tibialis muscles) and eight EEG channels (F4, C4,02,A2,
F3,C3,01,A1).Prior to the first recording session, patients underwent
an ambulatory monitoring of oronasal airflow (thermocouples), tho-
racic and abdominal respiratory effort, ECG, oximetry and snoring by
means of the Embletta system (Flaga, Reykjavik, Iceland) in order to
exclude obstructive sleep apnea syndrome. The evaluation of subjec-
tive daytime sleepiness was carried out the day after each PSG record-
ing by means of the Epworth Sleepiness Scale (ESS) [19]. Finally, a
neurologist expert in sleep medicine, totally blind to treatments and
subjects’ identity, performed the sleep analysis according to Recht-
shaffen and Kales’ criteria [20].

REM sleep without atonia (RWA) was scored according to La-
pierre and Montplaisir criteria [21].

Subjective and objective sleep parameters obtained in PD patients
at baseline were compared with controls by means of a case-control
study with the pairs one case-one control using a matched-pairs T-
test. The same analysis was used in order to evaluate the effects of
CBG on nocturnal and diurnal sleep parameters in PD patients as a
prospective cohort. The non-parametric Wilcoxon matched-pairs test
assessed clinical score differences in PD patients.

Significance level was accepted at p <0.05 (C.I. 95%).
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Results
Clinical data

PD patients showed a significant clinical improvement
in UPDRS-III score after CBG treatment vs baseline
(5.9£4.9 vs 14.6 £5.8; p<0.01).

Subjective evaluation of daytime somnolence
(Table 2)

ESS score did not show significant differences between
control subjects and PD patients at baseline. In addition,
PD patients did not show pathological ESS values or sig-
nificant changes after CBG therapy with respect to base-
line.

Diurnal PSG data (Table 2)

Seven out of 12 patients and six out of 12 controls showed
a voluntary postprandial nap. No PD patient experi-
enced sleep attacks or Sleep Onset REM Sleep (SOREM).
Sleep parameters of diurnal sleep (i.e., Total Sleep Time-

TST and number of naps) did not show statistical differ-
ences between controls and PD patients at baseline. With
respect to baseline, PD patients did not show significant
changes in diurnal sleep parameters after CBG mono-
therapy.

Nocturnal PSG data (Table 3)

PD patients at baseline had a lower Sleep Efficiency In-
dex (SEI) (80.1+9.8 vs 89.4+3.7; p<0.01) and an in-
creased Wake After Sleep Onset (WASO) (17.5+9.8 vs
8.3+3; p<0.05) with respect to the control group, with-
out differences in other sleep macrostructure parame-
ters.

In comparison to baseline values, a significant in-
crease in REM Latency (204 +114 vs 118 £51.4; p <0.05)
and a significant reduction in REM sleep were observed
during CBG treatment (7£5 vs 11.9£5.6; p <0.05). We
did not find any further significant difference in other
macrostructure parameters.

RWA scored according to Lapierre and Montplaisir
criteria [21] was detected in two out of 12 PD patients,
even if none of them reported a clinical history suggest-
ing RBD. Periodic Limb Movement Index (PLMI) was

Table2 Diurnal sleep parameters and ESS score (Epworth Sleepiness Scale) in control group and PD patients, in basal condition and during CBG treatment

Sleep parameters Control subjects Patients, Baseline p Patients, CBG p
mean = SD (C.I. 95 %) mean = SD (C.I. 95 %) Control subjects mean = SD (C.I. 95 %) Basal PD vs CBG
vs Basal PD
ESS 5.8+2.4(4.3-73) 6.4+2.9(4.5-8.3) 0.45 6.7 £3.4(4.4-8.9) 0.8
Diurnal TST 31.2+34.8(9-53.3) 33.7+30.5(14.3-53.2) 0.8 35.5+38.8(10.8-60.2) 0.89
N° of naps 0.5+0.53(0.16-0.8) 0.58+0.51(0.2-0.9) 0.67 0.5+0.67 (0.2-0.9) 0.72

Table3 Nocturnal sleep parameters of control subjects and PD patients in basal condition and during cabergoline therapy

Sleep parameters Control subjects Patients, Baseline p Patients, CBG p
mean = SD (C.I. 95 %) mean = SD (C.I. 95 %) Control subjects mean = SD (C.I. 95 %) Basal PD vs CBG
vs Basal PD

TST (min) 420+48 (389.4-451.4) 391.5+58 (354.5-428.5) 0.08 368.2+58(331.0-405.4) 0.3
Sleep efficiency 89.4+3.7(87.0-91.7) 80.1+9.8(73.8-86.4) 0.009 85.7 +14.6 (76.4-95.0) 0.26
WASO % 83+3(6.3-10.3) 17.5+9.8(11.3-23.7) 0.017 11.9+13.8(3.1-20.7) 0.3
S1% 8.1+6.4(4.0-123) 7.3+8.2(2.1-12.6) 0.7 8.4+2.5(6.2-10.6) 0.7
S2% 52.5+12.3 (44.7-60.4) 44.2+13.9(35.4-53.1) 0.09 53.4+11 (46.3-60.5) 0.15
SWS % 18£6.5(13.8-22.2) 19.1£7.6(14.2-23.9) 0.2 19.3£9.2(13.4-25.2) 0.9
REM % 13.1£4.8(10.1-16.2) 11.945.6 (8.3-15.5) 0.3 7+5(3.8-10.2) 0.03
Sleep latency (min) 12+10.2 (5.6-18.6) 126+7(7.7-17.6) 0.86 13+21(1.1-26.6) 0.9
REM latency (min) 103.8+42 (77.1-130.6) 118+51.4 (85.4-150.8) 0.5 204+114(132.0-277.1) 0.03
No of awakenings 8.1+£9.2(2.3-13.9 11.5+10.7 (4.6-18.3) 0.3 85+6.2(4.6-12.6) 0.4
No of stage shifts 68+32.2 (48.3-89.3) 78.4+31.4(58.4-98.4) 0.2 77.2£40(51.7-102.7) 0.9

Sleep stages are calculated as percentage to Sleep Period Time (SPT) = Time in Bed — Sleep Latency; ST Total Sleep Time; WASO Wake After Sleep Onset; ST Stage 1; 52
Stage 2; SWS Slow Wave Sleep (Stage 3 + Stage 4); REM Stage REM; Sleep Efficiency = TST/TIB



not statistically different between PD patients and con-
trol subjects (9.8 £10 vs 8.3%7) and PLM Arousal Index
(PLMATI) was <5/h in both groups.

Discussion

In this prospective open-label study we evaluated the ef-
fects of CBG monotherapy on sleep-wake cycle in de
novo PD patients by means of A-PSG. Many studies have
investigated the relationships between sleep, daytime
somnolence and PD and most of them took into account
nocturnal sleep and daytime somnolence separately, in-
cluding samples of clinically heterogeneous patients,
often in polytherapy [2, 3, 9, 22-25]. In addition, a few
studies were performed by means of 24-hour polysom-
nographic monitoring in the patient’s real-life settings,
and some of them regarded single case reports [6,12, 15,
26].

Our study evaluated the complete physiological sleep-
wake cycle of drug-naive PD patients in their own natu-
ral and familiar environment, without possible pertur-
bations and interferences induced by the laboratory
setting. Moreover, our sample, although numerically lim-
ited, was clinically homogenous without several con-
founding factors such as medical, psychiatric and sleep
comorbidities that could have affected previous studies.

In our study, PD patients at baseline showed a normal
degree of diurnal sleep propensity as measured by sub-
jective (ESS) and objective A-PSG data. These results are
noteworthy, considering the high occurrence of daytime
somnolence in PD with a prevalence ranging between 15
and 50 %, as reported in the literature [1,2,24,27]. How-
ever, in some healthy subjects and PD patients, both at
baseline and after dopaminergic treatment, we observed
a postprandial voluntary nap configuring a biphasic
sleep pattern similar to the one reported in elderly
healthy subjects, a typical habit in Mediterranean coun-
tries [28, 29].

The mechanisms underlying the diurnal sleepiness
in PD are still debated; several authors hypothesized a
multifactorial genesis including antiparkinsonian treat-
ment, the illness itself and the presence of concomitant
sleep disorders [5, 9-11, 13, 24]. In addition, daytime
sleepiness and sleep attacks have been ascribed to both
ergot and nonergot DA [4-6] as well as to levodopa
treatment [7, 8]. Interestingly, CBG therapy did not
modify daytime sleep propensity evaluated by means of
objective (PSG data) and subjective (ESS) parameters in
our patients, similar to some previous reports [12, 15,
30]. Furthermore, we did not record sleep attacks and
SOREMs either in baseline condition or during CBG
monotherapy, so we excluded a narcolepsy-like pheno-
type reported in some PD patients [31, 32].

Our findings about the lack of EDS in PD subjects,
before and after CBG monotherapy, indicate that, at an
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early stage of the illness, both PD itself and CBG treat-
ment may not cause EDS. Indeed, we hypothesize that
the etiopathogenesis of daytime somnolence may be at-
tributed to several different factors such as medical, psy-
chiatric and sleep comorbidity and polytherapy, typical
of the advanced phases of the pathology.

As concerns the nocturnal sleep pattern, a reduction
of sleep stability and continuity was observed in our de
novo PD patients, as documented by a decrease of SEI
and an increase of WASO, compared to controls; no other
macrostructural parameters were impaired.

The low percentage of RWA observed in our series
(16.6 %), with respect to previous reports, may be due to
the earlier stage of the illness of our patients [33]. Fur-
thermore, our sample of PD patients showed a mildly
increased PLMI similar to control subjects. This result is
in line with a recent paper demonstrating that PLMI in-
crease may be part of the normal aging process associ-
ated with the loss of dopaminergic function [34].

Previous PSG studies reported that sleep alterations
are common, even if a pathognomonic hypnic PD pat-
tern does not exist. In particular, sleep fragmentation
with frequent awakenings, increase in WASO, arousals
and sleep latency, reduction of SE, TST, Slow Wave Sleep
(SWS), REM latency and REM sleep, were variably de-
scribed [9, 13, 23, 35]. Such abnormalities were not ob-
served in other studies [36]. These conflicting findings
are probably due to the different methodological proto-
cols applied, including heterogeneous samples of pa-
tients, disease duration, therapy and comorbidity.

In the present study, the dopaminergic treatment in-
troduction, although indirectly improving the hypnic
structure through a decrease of nocturnal hypokinesia,
caused a further alteration of nocturnal sleep structure.
In particular, CBG produced a significant increase in
REM latency and a reduction in REM sleep. CBG-in-
duced negative effect on REM sleep is in line with two
previous studies reporting REM suppression in patients
taking apomorphine and pergolide, respectively [37,38].
Studies on CBG effects on nocturnal sleep are few and
have reported discordant results, probably because of
the heterogeneity of the case series including dopa-
minergic polytherapy, higher severity of disease and
add-on CBG therapy [15, 16].

The actions of DA medications on sleep are complex
since they may induce opposite effects on the sleep-wake
cycle, which are dose- and receptor-dependent. High
dose DA enhance wake and suppress REM sleep via D1-
like postsynaptic receptor [39], while low dosage dopa-
mine agonists promote sleep via D2-like receptor [5].

The nocturnal sleep alteration in drug naive PD pa-
tients without medical, psychiatric and sleep comorbid-
ity, whose motor function is not seriously compromised,
and the persistence of sleep abnormalities in spite of the
clinical improvement induced by dopaminergic therapy,
suggest that the disease per se may be responsible for
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this hypnic impairment. In PD patients, indeed, the neu-
rodegenerative process involves not only dopaminergic
neurons of substantia nigra-pors compacte [10], but it
precociously affects also other neuronal populations
such as serotoninergic neurons of Dorsal Raphe nuclei,
noradrenergic cells of Locus Coeruleus, and cholinergic
neurons of Peduncolo-Pontine Nuclei, which are directly
involved in sleep-wake cycle and REM/NREM alterna-
tion [40]. Hence, the clinical improvement induced by
the dopaminergic treatment, not accompanied by any
amelioration of the hypnic pattern, seems to suggest
that in PD the nocturnal sleep impairment represents a
self-running and independent disorder, probably due to
early degeneration of different non-dopaminergic neu-
rotransmittorial pathways [40].

In conclusion, our study highlights the clinical rele-

vancy to take into account the occurrence of nocturnal
sleep alterations in the early stage of PD, since they may
contribute to affect precociously the patients’ quality of
life.

Although our results are limited by the small number
of patients, they suggest that PD itself may be directly
involved in the alteration of nocturnal sleep, whereas it
does not seem to be directly responsible for daytime
somnolence in the early stage. Finally, CBG monother-
apy does not seem to affect daytime sleep propensity,
but it may induce negative effects on REM sleep.
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