
Classical signs of Parkinson’s disease (PD) include
motor impairments such as hypokinesia, rigidity, tremor, and
postural abnormalities. However, recent years have seen
increasing recognition that the clinical picture of PD is not
restricted to motor disorders. Successes in the symptomatic
treatment of Parkinson’s disease, with increases in the
longevity of patients with this disease, have made it clear to
physicians that as PD progresses, the so-called non-motor
symptoms become ever more apparent. These include cog-
nitive impairments, sleep disorders, mental disorders (hallu-
cinations, depression), fatigue, and many others.

Dementia is seen in 40–70% of PD patients. Damage
to dopaminergic neurons in the medial part of the substan-

tia nigra and dopaminergic neurons in the ventral tegmental
area, which form the mesocortical pathway, is significant in
the formation of dementia, as are damage to noradrenergic
neurons in the locus ceruleus and the progressive death of
cholinergic neurons in the basal nucleus of Meynert and the
cerebral cortex. The pathogenesis of the death of choliner-
gic and other neuron populations involves excitotoxic
mechanisms associated with chronic tonic stimulation of
NMDA glutamate receptors and the subsequent develop-
ment of secondary hypofunction of the glutamatergic neu-
rotransmitter system. Thus, the interaction of the gluta-
matergic and cholinergic systems is of particular interest for
investigators [2].

Sleep disorders are seen in 80–90% of PD patients.
These affect the whole of the sleep–waking cycle [18] and
can consist of sleep fragmentation, increased daytime
drowsiness, and REM sleep behavior disorder. Insomnia is
present in 60–98% of patients with PD [14] and consists of
structural sleep impairments and fragmentation (frequent
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Dementia and psychotic diseases represent a common complication of Parkinson’s disease (PD), occur-
ring in 40–70% of cases. These complications are commonly accompanied by sleep disorders, which con-
stitute non-motor manifestations of PD. The aims of the present work were to assess the relationship
between the severity of daytime drowsiness and REM sleep behavior disorder on the one hand and the
severity of cognitive deficits and hallucinations on the other; to compare methods for assessing sleep
impairments in Parkinson’s disease using questionnaires and polysomnograms; and to evaluate the effects
of treatment with galantamine in sleep disorders. A number of scales (MMSE, FAB, ESS, PDSS), as well
as polysomnographic investigations, were used to assess sleep and cognitive functions in 26 patients with
PD with dementia before and after treatment with galantamine. The results revealed a significant negative
correlation between the severity of sleep disorders (increased daytime drowsiness and REM sleep behav-
ior disorder) with hallucinations and cognitive deficits. Treatment with galantamine produced significant
improvements in the quality of nocturnal sleep (restoration of its structure, decreased fragmentation), with
reductions in the severity of REM sleep behavior disorder and decreases in daytime drowsiness, along
with reductions in cognitive deficits and hallucinations.
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waking). Sleep fragmentation in PD is more frequent than
other disorders and is directly dependent on the Hoehn and
Yahr stage of the disease [34]. The causes of secondary
insomnia may include nocturnal rigidity, tremor, dyskinesia,
and restless legs syndrome. These cases require correction of
dopaminergic treatment. Hypersomnia consists of increased
daytime drowsiness, which occurs in 15–50% of PD
patients [21]. Some patients develop attacks of suddenly
falling asleep, as seen in narcolepsy (rapid falling asleep
during the day, with onset of REM sleep) [10]. There are
some data indicating a relationship between daytime
drowsiness and the severity of cognitive deficits and hallu-
cinations in PD [15, 51].

The pathogenesis of increased daytime drowsiness in
PD remains incompletely understood. The question of
impairments to the cyclicity of acetylcholine levels has
been addressed as one possible mechanism of the develop-
ment of this disorder. Several groups of neurons, located in
the brainstem, are involved in maintaining the cyclicity of
sleep and waking. During waking, the aminergic (nora-
drenaline and serotonin) system is dominant, though the
histaminergic and cholinergic systems are also in the active
state. Brain acetylcholine levels undergo circadian oscilla-
tions. Maximal concentrations occur during arousal and
waking, decreasing significantly during slow-wave sleep.
Animals experiments have demonstrated that the peak of
acetylcholine release from the primary somatosensory cor-
tical fields correlates with the maximal level of behavioral
activity [16]. Experiments on cats have also demonstrated
that acetylcholine production in the cortex and hippocam-
pus increases during waking and REM sleep as compared
with slow-wave sleep. It can be suggested that patients with
PD complicated by daytime drowsiness have decreases in
acetylcholine concentrations.

Among all the types of sleep disorders in PD, there is
particular interest in impairments associated with the REM
phase, particularly parasomnia, which was first described in
cats [31]. Later, in 1986, Schenck et al. [37] described this
syndrome in humans.

The neuropharmacology of sleep disorders in the REM
phase have mainly been studied in animal experiments.
Summarizing the experimental results, Boeve et al. [12]
suggested that there are two groups of neurons responsible
for controlling the REM phase in humans: those generating
this phase (REM-on) and those blocking it (REM-off).
REM-on neurons include cells in the cholinergic peduncu-
lopontine and laterodorsal nuclei of the tegmentum, where
decreases in activity can lead to impairments to the genera-
tion of the REM phase. This suggestion is supported by the
studies of Albin et al. [5], in which the use of positron emis-
sion tomography (PET) demonstrated decreases in activity
in the pedunculopontine nuclei in patients with behavioral
disorder during this phase.

These sleep disorders were for a long time diagnosed
only on the basis of clinical signs, though in 2005 the

American Academy of Sleep Medicine recommended the
use of polysomnographic investigations for their detection.
The diagnostic criteria for this disorder in terms of the
International Classification of Sleep Disorders (ICSD-2) [6]
are: 1) the presence of a REM phase without atonia, defined
as prolonged or periodic increases in tone on EMG record-
ings from the chin, or increases in phasic muscle activity on
EMG recordings from the legs; 2) the presence of at least
one of the following signs: a) history of behavior leading to
or capable of leading to trauma during sleep; b) impair-
ments to the REM phase identified by polysomnography;
3) the absence of epileptiform activity on the EEG; 4) these
impairments cannot be due to neurological or somatic dis-
eases, mental disorders, or use of medications.

Impairments to sleep in the REM phase occur more
frequently in men aged 50–65 years and are apparent as
vocalization, cries, and swearing during sleep; motor activ-
ity varies from single thrusts to complex movements; dream
content often consists of pursuit or attacks by animals or
humans, inducing the corresponding behavior on the part of
the patient [17]. These impairments have a tendency to
appear in the later part of the sleep period.

Sleep disorders in the REM phase are divided on the
basis of their origin into idiopathic and secondary, though it
is not entirely clear whether the idiopathic form of behav-
ioral impairment exists or whether it is a cryptogenic vari-
ant of this pathology. Thus, autopsies of patients with the
presumptive idiopathic form of behavioral impairment in
this phase revealed Lewy bodies [5, 46]. Additional evi-
dence against the idiopathic form of this impairment is pro-
vided by the fact that 38–65% of subjects with suspected
REM sleep behavior disorder develop synucleinopathy
10–29 years after manifestation. This is most commonly
associated with PD, Lewy body dementia, and multisystems
atrophy [22, 35, 40, 42]. These impairments may also be
associated with the use of various substances or with their
withdrawal. Studies have been reported presenting data on
the development of this syndrome in patients taking various
antidepressants (paroxetine, fluoxetine, imipramine, ven-
lafaxine, mirtazapine) [33, 34, 39, 44].

There are as yet no clear recommendations for the
treatment of sleep impairments in PD [9]. A multitude of
agents with different mechanisms of action have been pro-
posed to combat daytime drowsiness. Given that these sleep
disorders can be encountered simultaneously in a single
patient, there is a need to prescribe an agent with complex
actions against this pathology. Positive results have been
obtained [1, 25, 48] in the treatment of daytime drowsiness
in patients with PD using the selective noradrenaline reup-
take inhibitor atomoxetine. This agent has also been found
to be effective in correcting cognitive impairments in this
group of patients. There are no data on the effects of atom-
oxetine on REM sleep behavior disorder.

Clonazepam has been proposed for the treatment of
sleep disorders and the behavioral disorders described
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above. However, it should be used with caution in patients
with dementia [41], gait abnormalities [33], and obstructive
sleep apnea syndrome (OSA) [43]. Increases in daytime
drowsiness have also been seen during clonazepam treat-
ment [49]. Selection of the clonazepam dose must be grad-
ual and careful. Treatment with clonazepam has been found
to be effective in patients with synucleinopathy [20, 33, 44].
The mechanism of action of clonazepam in behavioral
impairments is unknown. Clonazepam has no effect on the
pathogenesis of REM sleep behavior disorder [27], as it acts
selectively on physical motor activity regulated by the
brainstem, without affecting the serotoninergic or acetyl-
cholinergic mechanisms of development of atonia [24, 38].
The clinical effect of clonazepam can be summarized in
terms of the order of decreasing influences on the symp-
toms of behavioral impairments: sudden movements, loud
vocalizations → complex non-energetic movements → sim-
ple limb or body movements → increased EMG activity
during the REM phase.

Melatonin has also been used to treat these impair-
ments; this clearly differs from clonazepam in producing
fewer side effects. Studies reporting successful treatment of
sleep disorders in patients with synucleinopathy [11, 23],
memory impairments [7, 8, 23], and OSA [7, 8] have
appeared. Dose-dependent side effects include headache,
morning drowsiness, and hallucinations [11]. Polysomno-
graphy on the background of melatonin treatment showed
reductions in the number of REM periods without atonia
[23, 45], in contrast to clonazepam [24].

Data on impairments to the functions of the dopamin-
ergic nigrostriatal system in patients with the idiopathic
form identified using PET scans [5] and spectroscopy [17]
led to attempts to treat this pathology with dopamine D2–D3

receptor agonists. The actions of dopaminergic substances
on sleep structure are dose-dependent (increases in the
durations of the slow-wave and REM phases of sleep and,
consequently, the development of drowsiness during treat-
ment with low doses; reductions in sleep duration using
high doses) [4, 13]. Use of dopamine receptor D2–D3 ago-
nists can disturb the sleep–waking cycle, leading to the
development of insomnia and more intense sleep fragmen-
tation. There is a multitude of contradictory reports on the
effects of pramipexole on sleep disorders in PD. Results
from Russian studies [3, 4] noted significant improvements
in sleep quality on the background of pramipexole treat-
ment assessed by self-assessment by PD patients (decreas-
es in the frequency of disorders of falling asleep, reductions
in the numbers of nocturnal wakings). Patients noted mod-
erate drowsiness.

Particular attention has recently been paid to a group
of acetylcholinesterase inhibitors (iAChE) in the treatment
of sleep disorders in PD patients. We have already noted the
involvement of acetylcholine in regulating sleep. The use of
iAChE is justified in hypersomnia, as they normalize the
sleep–waking cycle. In fact, there is a report [32] indicating

positive effects with iAChE in terms of reductions in the
severity of narcolepsy. Data showing decreases in daytime
drowsiness during treatment with the iAChE donepezil have
been reported [32]. The fact that sleep disorders in the REM
phase occur in conditions of damage to the regulatory
cholinergic system is well established [36]. There are many
reports demonstrating the efficacy of iAChE in such cases –
in Lewy body dementia [19, 26, 29] and Alzheimer’s dis-
ease [19, 26, 30]. Treatment of sleep disorders in PD with
iAChE is preferred because of positive results obtained
using galantamine in PD patients complicated by hyper-
somnia and dementia [2].

The aims of the present work were to assess the relation-
ship between the severity of sleep disorders and cognitive
impairments and hallucinations in PD, to identify the diag-
nostic potential of scales and questionnaires, and to perform
polysomnographic studies with assessment of the potential for
the treatment of REM sleep behavior disorder and increased
daytime drowsiness in PD patients using galantamine.

Materials and Methods
Studies were performed at the Nervous Diseases

Department and Clinic, St. Petersburg Military Medical
Academy and at the A. M. Nikiforov All-Russia Center for
Emergency and Radiation Medicine.

The study involved 26 patients (11 women and 15 men)
with PD complicated by dementia, aged 66.6 ± 7.8 years,
with durations of illness of 5.1 ± 1.2 years.

Inclusion criteria were: diagnosis of PD corresponding
to the British Brain Bank; stage III disease on the Hoehn
and Yahr scale; presence of dementia in accordance with
ICD-10 criteria developing two years after the onset of PD;
subjective complaints of sleep disorder; ability of patient to
perform neuropsychological tests; access to a person able
to provide continuous care for the patient. Exclusion crite-
ria were the presence of significant cardiovascular diseases
(alterations to cardiac rhythm), bronchial obstructive dis-
eases, signs of liver and kidney pathology; use of choli-
nolytics, cholinesterase inhibitors, or nootropics; history of
acute impairment to cerebral circulation in the six months
prior to the study; presence of marked depression (>18
points on the Hamilton scale), delirium, and neuroimaging
signs of focal vascular brain lesions in strategically impor-
tant areas (thalamus, hippocampus, bilateral lacunae in the
globus pallidus) and other organic brain lesions.

All patients were investigated using the following scales:
the mini mental state examination (MMSE), the frontal
assessment battery (FAB), the Parkinson’s Disease Sleep
Scale (PDSS), and the Epworth Sleepiness Scale (ESS).

A total of 17 patients also underwent complex poly-
somnographic investigations (PSI) with assessment of sleep
efficiency (TST/TIB × 100%), where TIB is the time in bed
and TST is the total sleep time, and the latency of onset of
sleep (LS); in addition, the REM phase of sleep was inves-
tigated for behavioral impairments.
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In patients in whom sleep disorders were detected,
ongoing treatment (Levodopa at a mean daily dose of
520.5 ± 250.5 mg) was supplemented with galantamine
(Reminyl, Janssen Cilag) as 8-mg capsules in the morning
for the first four weeks, followed by 16-mg capsules in the
morning for four weeks, and then capsules of 24 mg in
the morning to 12 weeks. In two patients, doses were not
increased to 24 mg because of the development of side
effects. At 12 weeks of galantamine treatment, patients
were re-tested using the scales. Patients undergoing PSI
before treatment underwent repeat PSI.

Results were processed statistically using a personal
computer running Statistica for Windows 8.0. Significant
differences between groups on repeat assessment of patients
during the study and on comparison with baseline levels
were identified by analysis of variance for repeat measures
using nonparametric tests (Spearman’s test, the Wilcoxon
ranked test for paired comparisons (W)).

Results and Discussion
Increased daytime drowsiness was detected in 22

patients (84.5%). Mean measures were: ESS = 9.5 ± 4.9
points and 15-point PDSS = 4.5 ± 3.3 points. Measures of
cognitive impairments were as follows: MMSE = 24.0 ± 3.2
points and FAB = 11.1 ± 4.4 points. These patients present-
ed complaints of hallucinations (7-point PDSS = 6.5 ± 2.9
points). There were significant negative correlations
between ESS and FAB (r = –0.44, p < 0.05) and between
ESS and the 7-point PDSS (r= –0.56, p < 0.05). Assessment
of daytime drowsiness using scales corresponded to assess-
ments of the time of onset of sleep obtained on PSI: the
latency of going to sleep averaged 9.7 ± 5.1 min, with rapid
entry in sleep phase 2. A significant negative correlational
relationship was identified between the ESS and the latency
of going to sleep (r= –0.62; p < 0.05). Nocturnal sleep qual-
ity was reduced in all patients: the total points score on the
PDSS was 76.4 ± 18.5. In 16 of the 17 patients (93%) who
underwent PSI investigation of REM phases, impairments
to sleep structure wee seen, with fragmentation, decreases
in sleep quality apparent as increases in the duration of
waking during sleeping time, and, thus, decreased sleep

effectiveness: the TST/TIB ratio averaged 57.3 ± 12.3%,
which corresponded to the results obtained on the PDSS.
Sleep impairments in the REM phase were identified in 12
patients (80%). The severity of cognitive impairments in
this group was significantly greater: MMSE = 22.3 ± 4.3
points and FAB = 6.2 ± 3.1 points (p < 0.05).

At 12 weeks of galantamine treatment, repeat investi-
gations showed significant reductions in the severity of day-
time drowsiness (improvement on the ESS, p = 0.0006),
decreased sleep fragmentation, improved sleep quality
(improvement on PDSS, p = 0.0007) and improved sleep
effectiveness in terms of TST/TIB (p = 0.0007). No behav-
ioral impairments during the REM phase were seen during
treatment. There was also a decrease in the severity of hal-
lucinations in terms of the 7-point PDSS (p = 0.001) and
cognitive impairments on the MMSE (p = 0.001) and FAB
(p = 0.001) (see Table 1).

Sleep disorders during the REM phase could be com-
bined with cognitive impairments or could precede their
development. Vendette et al. [47] published results in which
of 34 patients with PD without dementia (mean disease
duration 5 years), PSI confirmed behavioral impairments
during the REM phase in 18, with significant reductions in
verbal memory and visuospatial and executive functions as
compared with 16 patients without these impairments.
Marion et al. [28] reported a study of 65 patients with PD
complicated and not complicated by dementia and found
that 77% of patients with dementia had sleep impairments
during the REM phase, while behavioral impairments were
present in only 27% of patients without dementia. In addi-
tion, dementia developed in patients with sleep disorders
during the REM phase at earlier ages than in those without
these disorders.

The severity of sleep disorders was found to correlate
with the severity of cognitive impairments and the presence
of hallucinations. This observation can be explained by the
common pathogenesis of these abnormalities, with involve-
ment of the cholinergic system of the brain: sleep disorders
appear at the second pathomorphological stage, where
abnormalities in the acetylcholinergic pedunculopontine
nuclei can arise. These non-motor manifestations may be
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TABLE 1. Changes in the Severity of Cognitive Impairments, Sleep Disorders, and Hallucinations during Treatment with Galantamine (M ± SD)

Note. Significant differences compared with baseline: *p < 0.001; **p < 0.005.



precursors of the onset of the third pathogenetic stage,
which is marked by motor disorders. Cognitive impairments
develop at subsequent stages. This supports the predictive
value of non-motor manifestations and the need for their
early diagnosis.

Measures of sleep disturbance assessed on the PDSS
and ESS were consistent with PSI data, which reflects the
high sensitivity of these scales in the diagnosis of sleep dis-
orders in PD. These scales should be used in the routine
investigation of PD patients because of the high predictive
value of sleep disorders for the development of cognitive
impairments and hallucinations.

During treatment with galantamine, there were signif-
icant reductions in the severity of daytime drowsiness and
REM sleep behavior disorder, decreases in sleep fragmen-
tation, and improvements in sleep quality. The need for
using iAChE in sleep disorders in the REM phase in
patients with PD is also linked with the high predictive
value of these disorders for the subsequent development of
dementia.

At the late stages of PD, one of the factors decreasing
quality of life but inherent to the treatment of these patients
is the frequent taking of large quantities of medications.
Prescription of galantamine produces simultaneous reduc-
tions in a number of problems: is promotes correction of
cognitive impairments and sleep disorders and decreases
the severity of hallucinations, in some cases completely
eliminating them.

REFERENCES

1. I. V. Litvinenko, A. A. Sakharovskaya, and E. V. Leonova, “Atom-
oxetine has positive effects on attention, gait, and daytime drowsiness
in patients at the late stages of Parkinson’s disease,” in: Current
Problems in Clinical Neurology: Proc. All-Russ. Jubilee Sci.-Appl.
Conf. [in Russian], St. Petersburg (2009), p. 32.

2. I. V. Litvinenko, M. M. Odinak, V. I. Mogilnaya, and A. Yu. Emelin,
“Efficacy and safety of galantamine (Reminyl) in cases of dementia
in Parkinson’s disease,” Zh. Nevrol. Psikhiat., 110, No. 12, 21–29
(2010).

3. M. R. Nodel and N. N. Yakhno, “Mirapex (pramipexole) in the treat-
ment of non-motor disorders in Parkinson’s disease,” Zh. Nevrol.
Psikhiat., 108, No. 5, 32–38 (2008).

4. M. R. Nodel, “Effects of treatment with the dopamine receptor ago-
nist Mirapex (pramipexole) on sleep disorders in Parkinson’s dis-
ease,” Zh. Nevrol. Psikhiat., 110, No. 3, 42–47 (2010).

5. R. L. Albin, R. A. Knoepp, R. D. Chervin, et al., “Decreased striatal
dopaminergic innervation in REM sleep behavior disorder,” Neuro-
logy, 55, 1410–1412 (2000).

6. International Classification of Sleep Disorders: Diagnostic and
Coding Manual, American Academy of Sleep Medicine, Westche-
ster, IL, 2nd Edition (2005).

7. K. N. Anderson, S. Jamieson, A. J. Graham, and J. M. Shneerson,
“REM sleep behavior disorder treated with melatonin in a patient with
Alzheimer’s disease,” Clin. Neurol. Neurosurg., 110, 492–495 (2008).

8. K. N. Anderson and J. M. Shneerson, “Drug treatment of REM sleep
behavior disorder: the use of drug therapies other than clonazepam,”
J. Clin. Sleep Med., 5, 235–239 (2009).

9. R. N. Aurora, E. S. Zak, R. K. Maganti, et al., “Standards of Practice
Committee; American Academy of Sleep Medicine. Best practice
guide for the treatment of REM sleep behavior disorder,” J. Clin.
Sleep Med., 6, 1 (2010).

10. C. Baumann, “Parkinsonism with excessive daytime sleepiness –
a narcolepsy-like disorder?” J. Neurol., 252, No. 2, 139–145 (2005).

11. B. F. Boeve, M. H. Silber, and T. J. Ferman, “Melatonin for treat-
ment of REM sleep behavior disorder in neurologic disorders:
results in 14 patients,” Sleep Med., 4, 281–284 (2003).

12. B. F. Boeve, M. H. Silber, C. B. Caper, et al., “Pathophysiology of
REM sleep behaviour disorder and relevance to neurodegenerative
disease,” Brain, 130, 2770–2788 (2007).

13. K. R. Chauduri and A. H. V. Schapira, “Non-motor symptoms of
Parkinson’s disease: dopaminergic pathophysiology and treatment,”
Lancet Neurol., 8, 464–474 (2009).

14. C. Comella, “Sleep disorders in Parkinson’s disease: an overview,”
Mov. Disord., 22, Supplement 17, 367–373 (2007).

15. Y. Compta, J. Santamaria, and L. Ratti, “Cerebrospinal hypocretin,
daytime sleepiness and sleep architecture in Parkinson’s disease
dementia,” Brain, 132, No. 2, 3308–3317 (2009).

16. J. Day, G. Damsma, and H. C. Fibiger, “Cholinergic activity in the
rat hippocampus, cortex and striatum correlates with locomotor
activity: an in vivo microdialysis study,” Pharmacol. Biochem.
Behav., 38, 723–729 (1991).

17. I. Eisensehr, R. Linke, S. Noachtar, et al., “Reduced striatal
dopamine transporters in idiopathic rapid eye movement sleep
behavior disorder: comparison with Parkinson’s disease and con-
trols,” Brain, 123, 1155–1160 (2000).

18. J. H. Friedman and R. P. Millman, “Sleep disturbances and
Parkinson’s disease,” CNS Spectr., 13, No. 3, Suppl. 4, 12–17
(2008).

19. J. B. Grace, M. P. Walker, and I. McKeith, “A comparison of sleep
profiles in patients with dementia with Lewy bodies and Alzheimer’s
disease,” Int. J. Geriatr. Psychiatry, 15, 1028–1033 (2000).

20. M. G. Hickey, B. M. Demaerschalk, R. J. Caselli, et al., “‘Idiopathic’
rapid-eye-movement (REM) sleep behavior disorder is associated
with future development of neurodegenerative diseases,” Neurologist,
13, No. 2, 98–101 (2007).

21. D Hobson, “Excessive daytime sleepiness and sudden-onset sleep in
Parkinson disease: a survey by the Canadian Movement Disorders
Group,” JAMA, 28, No. 4, 455–463 (2002).

22. A. Iranzo, J. L. Moninuevo, J. Santamaria, et al., “Rapid-eye move-
ment sleep behaviour disorder as an early marker for a neurodegen-
erative disorder: a descriptive study,” Lancet Neurol., 5, 572–577
(2006).

23. D. Kunz and F. Bes, “Melatonin as a therapy in REM sleep behavior
disorder patients: an open-labeled pilot study on the possible influ-
ence of melatonin on REM-sleep regulation,” Mov. Disord., 14,
507–511 (1999).

24. O. Lapierre and J. Montplaisir, “Polysomnographic features of REM
sleep behavior disorder: Development of a scoring method,”
Neurology, 42, 1371–1374 (1992).

25. I. Litvinenko, D. Ognev, and A. Sakharovskaya, “Atomoxetine
improves sleepiness, attention and gait in advanced Parkinson’s dis-
ease,” Eur. J. Neurol., 16, Suppl. 3, 2600 (2009).

26. L. E. Maclean, C. C. Collins, and E. J. Byrne, “Dementia with Lewy
bodies treated with rivastigmine: Effects on cognition, neuropsychi-
atric symptoms, and sleep,” Int. Psychogeriat., 13, 277–288 (2001).

27. M. W. Mahowald and C. H. Schenk, “REM sleep insomnias,” in:
Principles and Practice of Sleep Medicine, M. H. Kryger, T. Roth,
and W. C. Dement (eds.), Elsevier Saunders, Philadelphia, 4th edi-
tion (2005), pp. 897–916.

28. M. H. Marion, M. Qaurashi, G. Marshall, and O. Foster, “Is REM
sleep behaviour disorder (RBD) a risk factor of dementia in idio-
pathic Parkinson’s disease?” J. Neurol., 255, No. 2, 192–196 (2008).

Sleep Disorders in Patients with Dementia in Parkinson’s Disease 227



29. G. Massironi, S. Galluzzi, and G. B. Frisoni, “Drug treatment of
REM sleep behavior disorders in dementia with Lewy bodies,” Int.
Psychogeriatr., 15, 377–383 (2003).

30. W. A. Moraes, D. R. Poyares, C. Guilleminault, et al., “The effect of
donepezil on sleep and rem sleep EEG in patients with Alzheimer
disease: A double-blind placebo-controlled study,” Sleep, 29,
199–205 (2006).

31. A. R. Morrison, G. L. Mann, and J. C. Hendricks, “The relationship
of excessive exploratory behavior in wakefulness to paradoxical
sleep without atonia,” Sleep, 4, 247–257 (1981).

32. H. Niederhofer, “Donepezil in the treatment of narcolepsy,” J. Clin.
Sleep Med., 2, No. 1, 71–72 (2006).

33. E. J. Olson, B. F. Boeve, and M. H. Silber, “Rapid eye movement
sleep behaviour disorder: demographic, clinical and laboratory find-
ings in 93 cases,” Brain, 123, 331–339 (2000).

34. J. M. Parish, “Violent dreaming and antidepressant drugs: or how
paroxetine made me dream that I was fighting Saddam Hussein,”
J. Clin. Sleep Med., 3, 529–531 (2007).

35. R. B. Postuma, J. F. Gagnon, M. Vendette, et al., “Quantifying the
risk of neurodegenerative disease in idiopathic REM sleep behavior
disorder,” Neurology, 72, No. 15, 1296–1300 (2009).

36. D. B. Rye, “Contribution of the pedunculopontine region to normal
and altered REM sleep,” Sleep, 20, 757–788 (1997).

37. C. H. Schenck, S. R. Bundlie, M. G. Ettinger, and M. W. Mahowald,
“Chronic behaving disorders of human REM sleep: a new category
of parasomnia,” Sleep, 9, 293–308 (1986).

38. C. H. Schenck and M. W. Mahowald, “A polysomnographic, neuro-
logic, psychiatric, and clinical outcome report on 70 consecutive
cases with REM sleep behavior disorder (RBD): sustained clon-
azepam efficacy in 89.5% of 57 treated patients,” Clev. Clin. J. Med.,
57, Supplement, 9–23 (1990).

39. C. H. Schenck, M. W. Mahowald, S. W. Kim, et al., “Prominent eye
movements during nrem sleep and rem sleep behavior disorder asso-
ciated with fluoxetine treatment of depression and obsessive-com-
pulsive disorder,” Sleep, 15, 226–235 (1992).

40. C. H. Schenck, S. R. Bundlie, M. W. Mahowald, “Delayed emer-
gence of a parkinsonian disorder in 38% of 29 older men initially

diagnosed with idiopathic rapid eye movement sleep behavior disor-
der,” Neurology, 46, 388–393 (1996).

41. C. H. Schenck and M. W. Mahowald, “Long-term, nightly benzodia-
zepine treatment of injurious parasomnias and other disorders of dis-
rupted nocturnal sleep in 170 adults,” Am. J. Med., 100, 333–337
(1996).

42. C. H. Schenck, S. R. Bundlie, and M. W. Mahowald, “REM behav-
ior disorder (RBD): delayed emergence of Parkinsonism and/or
dementia in 65% of older men initially diagnosed with idiopathic
RBD, and an analysis of the minimum and maximum tonic and/or
phasic electromyographic abnormalities found during REM sleep,”
Sleep, 26, Abstract supplement, 316 (2003).

43. A. Schuld, T. Kraus, M. Haack, et al., “Obstructive sleep apnea syn-
drome induced by clonazepam in a narcoleptic patient with REM-
sleep-behavior disorder,” J. Sleep Res., 8, No. 4, 321–322 (1999).

44. S. Schutte and K. Doghramji, “REM behavior disorder seen with
venlafaxine (Efexor),” Sleep Res., 25, 364 (1996).

45. N. Takeuchi, N. Uchimura, Y. Hashizume, et al., “Melatonin therapy
for REM sleep behavior disorder,” Psychiat. Clin. Neurosci., 55,
267–269 (2001).

46. M. Uchiyama, K. Isse, K. Tanaka, et al., “Incidental Lewy body dis-
ease in a patient with REM sleep behavior disorder,” Neurology, 45,
709–712 (1995).

47. M. Vendette, J. F. Gagnon, A. Décary, et al., “REM sleep behavior
disorder predicts cognitive impairment in Parkinson disease without
dementia,” Neurology, 69, No. 19, 1843–1849 (2007).

48. D. Weintraub, S. Mavandadi, and E. Mamikonyan, “Atomoxetine for
depression and other neuropsychiatric symptoms in Parkinson dis-
ease,” Neurology, 75, No. 5, 448–455, (2010).

49. Y. K. Wing, S. P. Lam, S. X. Li, et al., “REM sleep behaviour disor-
der in Hong Kong Chinese: clinical outcome and gender comparison,”
J. Neurol. Neurosurg. Psychiatry, 79, No. 12, 1415–1416 (2008).

50. J. W. Winkelman and L. James, “Serotonergic antidepressants are asso-
ciated with REM sleep without atonia,” Sleep, 27, 317–321 (2004).

51. L. Zahodne and H. Fernandez, “Pathophysiology and treatment of
psychosis in Parkinson’s disease: a review,” Drugs Aging, 25, No. 8,
665–682 (2008).

Litvinenko, Krasakov, and Tikhomirova228


	ABSTRACT
	Materials and Methods
	Results and Discussion
	REFERENCES

