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Introduction 

Sleep disturbances are frequently reported complaints in patients 
with Parkinson's disease (PD) and are seen throughout all stages 
of the illness. On the one hand, certain sleep disorders can emerge 
already at preclinical stages, heralding the emergence of PD. On 
the other hand, disease progression (as assessed by Hoehn and 
Yahr stage) has been shown to be associated with a worsening 
of sleep-related disturbances.' The relevance of sleep 
disturbances as a non-motor symptom for PD patients is illus-
trated by the fact that the subjective quality of sleep in PD 
patients is not only poorer compared to healthy subjects, but 
also compared td patients with other neurodegenerative 
disorders, e.g. Alzheimer's disease.2 

The spectrum of sleep-related symptoms seen in PD patients 
comprises a variety of disorders, including disturbances that 
occur during daytime, like excessive daytime sleepiness (EDS) 
and sleep attacks (SA), as well as disturbances that occur at night, 
e.g. nocturnal recurrence of PD motor symptoms (akinesia, 
painful cramps), nocturia, vivid dreams, REM sleep behavior 
disorder (RBD), restless legs syndrome (RLS), periodic limb 
movements during sleep (PLMS), and others. 

The etiology of sleep disturbances in PD is most likely 
multifactorial and in part due to the neurodegenerative process 
(affecting centers that  
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regulate sleep and wakefulness), the pharmacological therapy, and the 
inter-individual susceptibility. The impact of drug intervention, especially 
dopaminergic therapy, on sleep disturbances in PD is debatable, as sleep 
disturbances are also seen in drug-naïve PD patients.3 

The pathoanatomicial model of PD proposed by Braak and colleagues4'5 
provides a neuropathological correlate for the observation that sleep dis-
turbances can already occur at preclinical stages of PD. According to 
Braak's scheme, the lower brainstem (pons and medulla)__ involved in the 
regulation of sleep and wakefulness _ is affected early by the neurodegen- 
erative process, i.e. prior to degeneration at the midbrain level and the 
occurrence of motor impairments. 

This chapter will give an overview of sleep-related disturbances in PD 
patients with respect to epidemiology, clinical presentation, therapeutic 
options and (where known) the respective underlying pathophysiology. 

Sleep-related Disturbances in PD Occurring 
During Daytime 

Excessive Daytime Sleepiness (EDS) 
Excessive daytime sleepiness (EDS) as a recurrent compulsion to sleep 
during daytime is frequently seen in PD patients. A nationwide face-to-face 
survey on excessive daytime sleepiness (defined as an Epworth Sleepiness 
Scale (ESS) score _10) in 1625 PD patients (most of them treated with 
dopaminergic drugs) in France revealed a prevalence of 29% for EDS.' The 
etiology of EDS in PD remains unclear and disputed: involvement of 
brainstem structures that regulate sleep and wakefulness by the 
neurodegenerative process, untoward effects of the dopaminergic medication, 
as well as an interaction between the first and the latter are discussed. 
Daytime sleepiness in PD has been reported to be associated with 
nigrostriatal dopaminergic degeneration as visualized by presynaptic 
dopamine transporter imaging.? Yet these data do not allow conclusions as 
to whether the dopaminergic nigrostriatal degeneration represents the 
pathoanatomical correlate for EDS or is just an epiphenomenon. 

The Honolulu-Asia aging study found that EDS in men aged 71 to 93 
years without signs of PD or dementia was associated with a threefold 
excess in the risk of developing PD,8 arguing that EDS might be a pre-
motor feature of evolving PD rather than a medication-induced phenomenon. 
Yet, another study found that the prevalence for EDS does not differ between 
drug-naïve PD patients and age and sex-matched healthy controls.9 In a 
follow-up of the same cohort one year post initiation of a dopaminergic 
therapy, Epworth Sleepiness Scale (ESS) scores significantly 
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increased,1° arguing for a pharmacological effect. Another study showed that 
frequency rates of EDS increase with time.'' 

A poor quality of sleep (sleep fragmentation, arousals, etc.) and sleep-
disordered breathing may also account for EDS in PD patients. Yet, Amulf and 
colleagues found that these factors did not correlate with sleepiness in PD 
patients 12 and that the dose of dopaminergic treatment did not contribute to 
sleepiness, but conversely showed vigilance-enhancing effects. This is in 
contrast to other studies which found that dopamine receptor agonists contribute 
to daytime sleepiness.",13 

In conclusion, the etiology of EDS in PD most likely is multifactorial and 
the contribution of (dopaminergic) drugs to EDS depends on an inter-individual 
susceptibility. Treatment of EDS in PD therefore includes (despite 
controversial data) reduction of dopamine receptor agonist treatment and 
screening for (treatable) nocturnal sleep disturbances (e.g. obstructive sleep 
apnea) that potentially can result in sleep fragmentation. If these measures 
are not sufficiently successful and the patient's quality of life is severely 
affected by EDS, stimulants like modafinil might be considered as a 
therapeutic option. }4-16 

A Narcolepsy-like Phenotype in PD? 
EDS is also one of the chief complaints in another neurological disorder, i.e. 
narcolepsy. Arnulf and colleagues reported a narcolepsy-like phenotype 
(excessive daytime sleepiness, shortened sleep latency and sleep-onset REM 
periods) in PD patients with EDS.12,17 In addition, daytime hallucinations in these 
patients showed a coincidence with short REM sleep intrusions during periods 
of wakefulness; also the presence of Lewy body pathology in the 
subcoeruleus nucleus (which is known to control REM sleep) in a PD patient 
with hallucinations suggests that visual hallucinations in PD might reflect a 
narcolepsy-like REM sleep disorder:8 Other authors dispute a common 
pathophysiological basis for narcolepsy and PD 19 and refer to the conflicting 
data concerning hypocretin (orexin) CSF levels in PD."-23 Yet, recently 
published post-mortem data demonstrated • hypocretin cell loss in PD: 
decreased hypocretin-1 tissue concentrations in the prefrontal cortex and a 
stage-dependent loss of hypothalamic hypocretin neurons were shown by 
Fronczek et al and Thannickal et a1,24'25 arguing again for some common 
pathological alterations in PD and narcolepsy. 

Sleep Attacks (SA) 
The issue of sleep attacks (SA) in PD has raised much attention because of the 
potential danger of falling asleep while driving.26 Sleep attacks in PD are 
defined as an inappropriate sudden onset of an overwhelming, irresistible 
sleepiness occurring without warning and preventing the patient from 
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taking appropriate measures to protect himself.27 These SA are frequently 
associated with EDS, but can also occur in the absence of EDS.28 

Sleep attacks have initially been described in PD patients on dopamine 
receptor agonist treatment,29 but are also reported under levodopa monotherapy 
(showing a dose dependency),3° and after initiation of entacapone.31-33 These 
observations argue that SA are not exclusively due to dopamine receptor 
agonists but can be induced by any dopaminergic drug and that SA are related 
to the bioavailability of dopaminergic drugs and total dopaminergic load rather 
than to a single class of substances. 

The absence of SA in patients treated with dopamine receptor agonists for 
restless legs syndrome, the fact that SA in PD can also occur at low doses of 
dopaminergic treatment in some patients (i.e. the lack of a clear dose effect 
correlation), and the lack of a clear temporal association with the introduction 
(specifically elevation of the dosage) of certain drugs argues for a 
susceptibility rather than a sole drug effect or disease-intrinsic mechanisms.34 
Genetic factors may also contribute to the occurrence of SA in PD patients: 
polymorphisms in the dopamine D2 and D4 receptor genes and polymorphisms 
in the preprohypocretin gene have been described.35-37 

A cross-sectional study in 2952 PD patients revealed SA in 177 subjects 
(-6%). Sleep attacks occurred with all types of DA with no significant 
differences between ergot and non-ergot dopamine receptor agonists. Yet the risk 
for sleep attacks increased when comparing levodopa mono-therapy to 
dopamine receptor agonist monotherapy and to a combination of levodopa 
and dopamine receptor agonist therapy,38 arguing again that the total degree 
of dopaminergic stimulation contributes to SA. Another study in 6620 PD 
patients found that younger patients (below the age of 70 years) taking non-ergot 
dopamine receptor agonists are more susceptible to experience SA, yet 
medication was less effective in predicting SA than other factors (age, male 
gender, disease duration, etc.),39 arguing for a multifactorial pathogenesis. 

A cross-sectional case-control study in PD patients and healthy volunteers 
showed that the same proportion of PD patients and controls reported episodes of 
sleep attacks (approx. 1 /3). Nevertheless, sleep attacks occurred more frequently 
in PD, especially during situations requiring attention. In this study, the most 
consistent factor associated with sleep attacks was the duration of levodopa 
therapy.40 

In conclusion, PD patients should be routinely asked about the presence of 
SA and be informed about the potential risk of falling asleep at the wheel. It 
is disputed whether the Epworth Sleepiness Scale (ESS) is suitable to 
screen for SA (poor positive predictive value, but good negative predictive 
value).40 If SA occur under dopamine receptor agonist 
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treatment, a switch to another dopamine receptor agonist or a reduction of the 
dosage should be considered (if possible). 

Sleep-related Disturbances Occurring at Night time 

Sleep Apnea Syndrome (SAS) 
Diederich et al found a frequency of sleep apnea syndrome (SAS) of 43% in 
an unselected sample of 49 PD patients.' Interestingly (in contrast to what is 
known for SAS in the general population), SAS in PD was not associated with 
obesity, and PD patients maintained a more favorable respiratory profile than non-
PD SAS controls (matched in terms of age, gender and apnea/hypopnea index). In sum, in 
this study SAS was not a major cause for sleep fragmentation and SAS in PD 
seems to have a different profile in terms of polysomonographic and respiratory 
parameters. Thus, it is doubtful whether SAS in PD contributes to EDS. 
Continuous positive airway pressure (CPAP) treatment should be initiated if 
indicated by the respiratory profile seen in the cardio-respiratory 
polysomnography. 

Insomnia, Vivid Dreams and (Nocturnal) 
Hallucinations 

Stimulatory effect of drugs used to treat PD, especially amantadine and MAO-
B-inhibitors (amphetamine metabolites), can induce insomnia. In 
addition, these drugs and also dopamine receptor agonists can cause vivid 
dreams and nocturnal hallucinations. Rescheduling, reduction, or (in more 
severe cases) discontinuation of these drugs should be considered to overcome 
these problems. In the case of severe (nocturnal) hallucinations that do not 
respond to the aforementioned measures, addition of atypical neuroleptic drugs 
(especially clozapine) is indicated. In order to treat insomnia, patients should 
also be informed about sleep hygiene, specifically how to maintain the 
circadian rhythm (bright light during the day, darkness during the night, use 
bedroom only for sleep, etc.). Any inappro:- priate aggressive nocturnal 
behavior in PD patients should also prompt checking for REM sleep behavior 
disorder (RBD). 

REM Sleep Behavior Disorder (RBD) 
REM sleep behavior disorder (RBD) is a male-predominant parasomnia that 
was scientifically described for the first time in 1986 by Schenck and colleagues. 
RBD presents with dream-enacting motor behaviors and speech during 
REM sleep.' Most patients with RBD seek medical help when their dream-
enactments result in physical injury to themselves or their bed partner. A 
diagnosis of RED is established by the typical history 
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of dream enactments (including information from the patient's spouse/ caregiver 
about the sleep behavior) and loss of (the physiological) muscle atonia during 
REM sleep (documented by video-polysomnography). 

In the absence of a concomitant neurological disorder, RBD is termed idiopathic 
RBD (iRBD), which has been shown to be a risk marker for subsequent 
development of neurodegenerative disorders, especially PD. In 1996, Schenck 
and colleagues reported that 11 out of 29 patients (i.e. 38%) initially diagnosed to 
suffer from iRBD eventually developed a parkinsonian syndrome, with a mean 
follow-up of 12.7 years.'" On a second follow-up 7 years later, 19 of the initial 29 
iRBD patients (i.e. 65%) presented with a parkinsonian syndrome, dementia or 
both diseases. Cross-sectional studies have shown that approximately one-third of 
PD patients exhibit RBD when examined by V-PSG." Pachetti and colleagues also 
screened PD patients for RBD and found a similar prevalence of RBD (26.6%). 
Retrospectively, approximately one-third developed RBD before, and two-thirds 
after, diagnosis of PD.45 The largest retrospective study investigating RBD and 
concomitant diseases has been published by Olsen and colleagues: among 93 
patients with RBD 53 presented with a concomitant neurological disorder, 25 of 
these 53 patients had PD. With a closer look at the 25 patients with RBD and 
PD, it was found that RBD developed before PD in 13 patients, simultaneously in 2 
patients and after diagnosis of PD in 10 patients.' It is unclear which 
mechanisms are responsible for the occurrence of RBD either before or after the 
manifestation of PD. One possible explanation for the divergent observations con-
cerning the sequence of both diseases might be that in cases where RBD is reported 
and/or identified only in the course of PD there is a lack of sufficient investigation 
for subclinical stages at earlier time points. Interestingly, RBD (but also sleep 
disorders in general) constitute a predictor for emerging hallucinations in 
PD.45.47.48 

The first post mortem studies in RBD patients described degeneration of monoaminergic 
(noradrenergic, dopaminergic, serotonergic) neurons and the presence of Lewy 
bodies in the brainstem and intracellular alphasynuclein inclusions.'8'49 The pattern 
of lesions was very similar to the brainstem pathology seen in very early PD 
according to the neuropathologcial staging of PD proposed by Braak.4 According 
to Braak's neuropathological staging, lesions in brainstem structures occur before the 
dopaminergic nigrostriatal pathway becomes affected. Braak's post mortem data 
support the assumption that RBD and PD are closely linked and even more, that 
from a neuroanatomical point of view, RBD should precede PD. 

While routine imaging with magnetic resonance imaging (MRI) or computed 
tomography (CT) rarely detects or reveals brainstem pathology 
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in RBD patients,46 a reduced presynaptic striatal dopamine transporter 
uptake was shown using single photon emission computed tomography 
(SPECT) in RBD patients without motor symptoms of PD.5° This finding 
and the proof of an olfactory dysfunction in RBD patients demonstrated 
by Stiasny-Kolster and colleagues51 is in agreement with Braak's patho-
anatomical staging.4 According to Braak's model (Fig. 7-1), impaired 
olfactory function represents stage 1 of PD (Lewy body pathology in the 
olfactory bulb), the presence of PD stage 2 (Lewy body pathology is also 
seen in the medulla and pons), and the clinical manifestation of classical 
neurological signs such as akinesia, tremor or rigidity represents stage 3 
PD (Lewy body pathology affects the midbrain level). 

Hitherto, no causal therapeutical strategies for RBD have been available. 
Yet, the physical injuries that can result from the often violent behaviors 
during sleep and the morbidity associated with chronic sleep disruption, stress 
the need for a symptomatic therapy. Clonazepam (0.5 to 1 mg per night) is 
effective in most patients and is the drug of choice. In cases where the 
response to clonazepam is incomplete or when clonazepam is contraindicated, 
melatonin (0.5 to 12 mg per night) seems to be an alternative treatment 
option.52-54 Boeve and colleagues have shown the effectiveness of 
melatonin specifically in patients with accompanying neurodegenerative 
disorders (n=14).55 Improvement of RBD with oral administration of 
melatonin 52-55 as well as positive effects of melatonin on the subjective 
quality of sleep and even on motor function in PD patients56 argue for 
involvement of the melatonin system. Melatonin has antioxidant properties 
that could modify the neurodegenerative process, but the short-term response 
directly after initiation of melatonin argues for a more direct action of 
melatonin. Interestingly, and in part controversial to the aforementioned, 
bright light therapy (melatonin antagonism) has also shown beneficial effects 
in PD.57,58 As RBD is often seen in the context of evolving PD, there have 
also been trials with levodopa and dopamine receptor agonists in a small group 
of patients. Tan and colleagues reported improvement of RBD symptoms 
when patients with early PD were treated with levodopa.59 Ozekmekci and co-
workers have shown that PD patients with RBD require higher levodopa 
doses to regain motor abilities compared to PD patients without RBD and 
that levodopa treatment cannot prevent the occurrence of RBD.6° 
Pramipexole, a dopamine D2/D3-receptor agonist, has been shown to 
relieve RBD-related sleep disturbing symptoms.' However, pramipexole 
was not able to alter phasic EMG activity during REM sleep—when used 
as a possible quantitative marker of disease severity.' Also, cholinesterase 
inhibitors have been shown to relieve RBD symptoms in single patients. 
These drugs putatively modify the 
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Figure 7-1. The distribution of Lewy body (LB) pathology in preclinical (premotor) and 
early clinical stages of PD according to Braak's pathoanatomical model. In preclinical 
stages (Braak stage 1 and 2) LB pathology in the brainstem (pons, medulla) and the olfactory 
bulb could explain the occurrence of sleep disorders and other non-motor symptoms 
(hyposmia, autonomic dysfunction, etc.). Upon involvement of the midbrain level with 
its nigrostriatal projections, the PD-typical motor symptoms occur and allow the clinical 
diagnosis of PD. 
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neuronal activity of the pedunculopontine nucleus.63 Yet clinical trials that 
prove the effectiveness of any of the mentioned drugs in a double-blind 
placebo-controlled study remain to be initiated. Beside the pharmacological 
management, patients should be instructed about measures preventing 
physical injuries during RBD episodes (closing windows before sleep, 
removing sharp and dangerous objects from around the bed). 

For experimental research, several animal models of RBD have been 
developed. Bilateral pontine tegmental lesions have been shown to provoke 
an RBD-like phenotype64 and also circumscribed lesions in the ventral 
mesopontine junction (VMPJ) in cats resulted in a RBD-like phenotype.' 
There are a number of other animal models demonstrating that the lesion 
of brainstem structures can result in RBD.66,67 Hence, brain-stem nuclei in the 
pons and medulla are thought to be responsible for RBD.66 This notion is 
supported by case reports of patients with defined structural brainstem lesions 
who developed RBD.68•69 For example, even a minimal ischemic pontine 
lesion has been shown to be sufficient to cause RBD.7° Mazza et al" also 
demonstrated abnormal cerebral blood flow in the pons in RBD patients, 
using 99mTc-ethylene cysteinate dieter SPECT technique. This observation 
strongly supports the assumption that the localization of a lesion, rather than 
its histological type is responsible for manifestation of RBD. 

In PD, degeneration of cholinergic neurons in the pedunculopontine 
nucleus72 as well as Lewy body pathology in the locus coeruleus49 might be 
anatomical correlates of RBD. Post-mortem analysis of the brain of a 
patient with RBD who eventually developed cognitive decline and parkin-
sonism revealed marked neuronal loss in the locus coeruleus and substantia 
nigra—regions that may inhibit cholinergic neurons in the pedunculopon-
tine nucleus (mediating atonia during REM sleep).73 

In sum, RBD in (evolving) PD most likely reflects brainstem lesions in 
the medulla and pons. The presumed pathophysiology is that these lesions 
cause a net reduction in the inhibition of spinal motoneurons that are nor-
mally suppressed by a complex interaction of brainstem nuclei during 
REM sleep, thereby preventing motor activity during REM sleep.74-76 

Sleepwalking 
A sleep disorder that can clinically mimic RBD is sleepwalking. Adult-
onset sleepwalking is seen in PD patients and can also present concomitant 
to RBD.77 Its pathophysiology is unclear. Episodes with sleepwalking 
normally arise from non-REM sleep and can be distinguished from RBD 
episodes by a video-polysomnography. Coexistence of RBD and sleep-
walking argue for a common pathophysiology of motor control during 
sleep. 
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Restless Legs Syndrome (RLS) and Periodic Leg 
Movements During Sleep (PLMS) 

RLS is defined as an irresistible urge to move the legs, sometimes accom-
panied by uncomfortable, painful sensations. Typically, RLS symptoms 
emerge or become worse at rest, especially in bed at night, and are (partially) 
relieved by moving the legs or walking around. PLMS are periodic jerks of 
the lower extremity and can result in repeated awakenings and disruption of 
sleep. Restless legs syndrome (RLS) and periodic leg movements during 
sleep (PLMS) are seen as idiopathic entities, in the context of other sleep 
disorder, as well as in patients with PD. A recent study found a 
prevalence of 21.9% for RLS among 114 PD patients.78 

The good clinical response to dopaminergic drugs and the association of 
PLMS with reduced striatal dopamine transporter binding suggests involve-
ment of the dopaminergic system in PLMS.79 The exact pathophysiology 
of PMLS and RLS in PD is still unclear. Disturbances in iron metabolism 
have been described for RLS. In RLS patients with a serum ferritin level 
below 50 pg/1, iron substitution can reduce RLS-related discomfort. Besides 
this, dopamine receptor agonists are the first line therapy for RLS; alterna-
tively opioids and anticonvulsants can be used to treat RLS. 

Lesions of the Arousal System in Parkinson's Disease 

Altered sleep and vigilance are frequent symptoms in PD. As many as 
60% of patients with PD experience insomnia, 15-59% show RBD, and 
30% show excessive daytime sleepiness." While PD is undoubtedly a dis-
order with a pathology of dopamine neuronal loss, most arousal systems 
including noradrenergic neurons in the locus coeruleus, serotonergic neurons 
in the raphe, cholinergic neurons in the basal forebrain, and orexin/ 
hypocretin neurons in the hypothalamus, are affected by neuronal loss 
(Fig. 7-2). The loss of the neurotransmitter noradrenaline occurs consistently 
in PD and—according to Braak—earlier than in the dopaminergic neurons 
in the substantia nigra. This is thought to worsen with disease progression, 
either by increasing the vulnerability of dopamine-containing neurons or 
by reducing the recovery once they are damaged. There is 40-50% loss 
of noradrenergic neurons in the locus coeruleus and 20-40% loss of 
serotonergic neurons in the raphe median nucleus. In the basal forebrain, 
32-93% of acetylcholine neurons are lost with disease progression.81 
However, loss of the dopaminergic neurons in the ventral periaqueducal gray 
region that contains "wake–active" dopaminergic neurons 82,83 is only 9% 
and histidine decarboxylase activity is reported to be normal in the brains of 
individuals with PD.84 
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Arousal systems Cell groups affected in PD 

 
111Serotonin neurons • Noradrenergic neurons Dopamine neurons 

Acetyl choline neurons 1. Histamine neurons • Hcrt/MCH neurons 

Figure 7-2. Pathology of the arousal system in Parkinson's disease. Left panel shows the 
cell groups involved in the arousal mechanism. The right panel shows the neuronal loss of 
the arousal system in PD. Arousal systems including noradrenergic neurons in the locus 
coeruleus; serotonergic neurons in the raphe; cholinergic neurons in the basal forebrain; 
Hcrt, MCH and histamine neurons in the hypothalamus are affected by neuronal loss. 

Hypocretin/Orexin Cell Loss in Parkinson's Disease 

The hypothalamic hypocretin (Hcrt or orexin) system plays a central role 
in the regulation of various functions, including sleep/wake regulation and 
metabolism. The two Hcrt peptides (Hcrt-1 and Hcrt-2), also known as 
orexins, are both encoded by the preprohypocretin gene, and the cell bodies 
are located in hypothalamus.85'86 Two Hcrt receptors (Hcrtr-1 and Hcrtr-2) 
have been identified.86 Hcrt fibers project widely throughout the brain, and 
generally have excitatory effects on their postsynaptic cells. Particularly 
notable are the projections of Hcrt cells to cholinergic and monoaminergic 
cells.' The similarity of the sleep disturbances of PD (discussed above) to 
narcolepsy suggest a common etiology. Narcolepsy is caused by loss of 
hypocretin-producing neurons, reflected in low cerebrospinal fluid (CSF) 
levels.88-9° 

Hcrt neurotransmission is affected in PD. Hcrt concentration in the pre-
frontal cortex was almost 40% lower in PD patients, while ventricular CSF 
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levels were reduced by almost 25%.24 Loss of hypocretin cells was found 
to correlate with disease progression 25 as measured by the Hoehn and 
Yahr rating scale, but not disease duration. The percentage loss of Hcrt 
cells was minimal in stage I (23%) and increased to a maximum of 62% in 
stage V (Fig. 7-3). Hcrt cells were lost throughout the A–P extent of their 
hypothalamic distributions (Fig. 7-3). Thus, the loss of Hcrt cells may be 
a cause of the narcolepsy-like symptoms of PD and may be ameliorated by 
treatments aimed at reversing the Hcrt deficit.91•92 

Melanin Concentrating Hormone Cell Loss in PD 

Melanin concentrating hormone (MCH) is a cyclic 19-amino-acid neuro-
peptide that has been considered to play a key role in the regulation of 
feeding and energy homeostasis. Two receptors have been identified.93 
Hcrt and MCH neurons have a coextensive distribution in the hypothalamus, 
but Hcrt and MCH are not co-localized within individual neurons." MCH 
neurons have been suspected to play a role in arousal and modulation of 
memory. Expression of c-fos in these cells is particularly strong after 
sleep rebound, consequent to sleep deprivation.95 Intracerebroventricular 
injections of low doses of MCH induce an increase of REM sleep and 
with lesser amounts of slow wave sleep, suggesting that MCH plays a role 
in the homeostatic regulation of REM sleep.96 

MCH neurons are more abundant in the human hypothalamus and have 
a wider rostrocaudal distribution than hypocretin neurons. MCH neurons 
are relatively more numerous in the posterior hypothalamus (Fig. 7-3). 
In PD, MCH cells are lost throughout the anterior to posterior extent of their 
hypothalamic distributions. The percentage loss of MCH cells is correlated 
with clinical stages of PD, as is the case with hypocretin neurons, with the 
smallest loss in stage I (12%) and the highest in stage V (74%). MCH cell 
loss was not correlated with disease duration. There was a significant 
increase in the size of neuromelanin containing cells in PD patients, but no 
difference in the size of surviving MCH or Hcrt cells relative to controls.25 

The cause and pathophysiological mechanisms for Hcrt and MCH cell 
death are currently unknown. Whether Hcrt and MCH neurons show some 
neuropathological signs of dysfunction before loss remains to be deter-
mined. These issues need to be examined at the cellular and molecular 
level, but also in animal models. Dopamine replacement therapy has been 
the mainstay of antiparkinson treatment for the past three decades. Based 
on the new findings, detection of the loss of Hcrt and MCH cells and treat-
ment of the deficits resulting from this loss may have a significant role in 
the diagnosis and treatment of Parkinson's disease. 
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Figure 7-3. Hcrt and MCH pathology in Parkinson's disease. Hcrt cell loss (left panel) in 
different stages of PD (Hoehn and Yahr). The number of Hcrt cell was decreased with 
severity of the disease. The photomicrograph of Hcrt cells is from a control and a PD brain 
(stage V). Right panel shows MCH cell loss in different stages of PD. The number of MCH 
cells was decreased with severity of the disease. The photomicrograph of MCH cells is 
from a control and a PD brain (stage V). The loss of Hcrt and MCH cells was correlated 
with severity of the disease and not with duration. For cell count, a stereology program was 
used and for cell mapping a neurolucida program was used. The normal distribution of Hcrt 
and MCH cells in the hypothalamus is limited to AH, D1-1, DMH, LH and PH nulcei. 
AH=anterior hypothalamus, DH=dorsal hypothalamus, DMH=dorsomedial hypothalamus, 
LH-=lateral hypothalamus, PH=posterior hypothalamus. Bar=50iim. 

Conclusions 

In sum, sleep is frequently disturbed in PD patients. The spectrum of sleep-
related disorders in PD patients comprises nocturnal troubles as well as 
symptoms that occur during daytime, like excessive daytime sleepiness 
and sleep attacks. Some of these disturbances (e.g. RBD and EDS) can 
emerge prior to the manifestation of PD-related motor symptoms and are 
potential markers that herald subsequent evolvement of PD. Patho-
physiologically, degeneration of sleep-regulating centers in the brainstem 



 14 NON-DOPAMINE LESIONS IN PARKINSON'S DISEASE 

(pons, medulla) that occurs early in the course of PD may account for the 
occurrence of these sleep disturbances. 

The exact pathophysiology, specifically the patho-anatomic correlate, 
for most PD-related sleep disturbances is only marginally understood_ 
A multifactorial pathogenesis with reciprocal interactions (drugs, genetic 
factors, neurodegeneration) is presumed. The existing data also indicate 
that not only dopaminergic, but different types of monoaminergic and 
cholinergic nuclei as well as the orexin/hypocretin system and perhaps 
also the melanin concentrating hormone are involved in the pathogenesis 
of the respective disorders. 

Research focusing on the pathophysiological correlates ofPD-associated 
sleep disorders is warranted as this research will largely contribute to 
our understanding of the neurodegenerative process in PD and might 
help to develop drugs for the treatment of sleep-related PD symptoms. 
These drugs could potentially have beneficial ("side") effects on other 
PD-associated symptoms as well. 
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