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Abstract
This paper examines sleep disorders in older people, focusing on Parkinson’s disease (PD). It
defines PD and explores those conditions associated with sleep disorders and their
relationship to PD. It identifies specific conditions which cause sleep disoders in patients with
PD, namely: REM sleep behaviour disorder (RDB) which may be a precursor to PD; obstructive
sleep apnoea (OSA) which is very prevalent amongst people with PD; depression and mood
disorders which both increase with age and are more common in people with PD; nocturia
which increases with age and has a negative impact on those with PD; restless leg syndrome
(RLS) which some argue is an accompaniment but others argue against this, due to the
relationship to iron metabolism, although both respond to dopamine medications; and
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excessive daytime sleepiness (EDS) which completes the picture. The paper offers suggestions
to the approach to these conditions and offers suggestions for therapeutic intervention.
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1. Introduction
Health problems rise at an exponential rate with advancing years [1, 2]. With aging comes the
impact of cumulative molecular and cellular damage that evolves over time and causes a steady
decline in physical and mental capacity which results in enhanced prevalence of diseases and their
consequences [3-5]. It follows that problems with sleep are also more prevalent with aging [6, 7].
Conditions that increase with aging and which are also associated with sleep disorders include:
Parkinson’s disease (PD) [6, 8]; obesity [7, 9]; dementia [10, 11]; Prostatism (be it associated with
prostatic cancer [12] or benign prostatic enlargement [13]); hormone imbalance in both women [14]
and men [15]; Stroke (be it as consequence of obstructive sleep apnoea (OSA) [16] or from
cardiac/embolic causes [16, 17]; and diabetes [18]. This list is far from exhaustive but is sufficient to
show that the topic of ‘Sleep disorders in older people’ encompasses almost all of geriatric medicine
and, to do it justice, would dictate a submission that was too vast to be encapsulated in a single
paper and would require the preparation of a book, in its own right. That being the case, what
follows will focus exclusively on sleep disorders encountered in Parkinson’s disease but, in so doing,
it will, of necessity, stray into many of the other areas touched upon in the list provided. It will use
Parkinson’s disease to consider ‘Sleep disorders in older people’ as many of these sleep disorders
are associated with Parkinson’s disease.
2. What is Parkinson’s Disease?
Idiopathic PD is a clinical diagnosis based on the confirmation of concomitant features of
bradykinesia, rigidity, tremor and gait instability and disturbance [19, 20], requiring at least 2 of
these 4 features to establish its presence. There are those who believe that Idiopathic Parkinson’s
disease, in contrast to symptomatic Parkinsonism, is an expression of aging [21], with degeneration
of the dopamine producing cells in the substantia nigra which, if ignored, leads to the wasting of the
relevant receptors which translates to the late introduction of therapy, with L-Dopa, being
problematic and thus advocating the very early introduction of pharmacotherapy to obviate
subsequent resistance thereto [22, 23].
PD is associated with a host of sleep disorders, including: REM behaviour disorder (RBD) which
may predate the diagnosis of PD [24]; OSA [25, 26]; depression and mood disorders [27, 28];
nocturnal motor disturbances [29]; nocturia [30]; restless leg syndrome [31, 32]; and excessive
daytime sleepiness, from a variety of causes [33]. Even this list which is specifically related to PD is
not exhaustive but it is sufficient to emphasise that PD is associated with many sleep disorders.
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3. Rapid Eye Movement (REM) Sleep Behaviour Disorder (RBD)
RBD is a REM sleep phased parasomnia in which the person loses the usual atonia which is
associated with REM sleep and [5] he experiences vivid, often frightening dreams that may be
accompanied by either simple or complex behavioural disturbances which represent the acting out
of those dreams [34, 35]. RBD may be more common in males [35, 36] although some studies have
found it equally gender represented [37]. It has been reported to be increased with solvent
exposure, head injury and obesity [36] and the use of antidepressant and antipsychotic medications
and a history of smoking [36, 37], acknowledging that PD is one of the few conditions said to be less
prevalent amongst smoker [38]. RBD and Glucocerebrosidase gene (GBA) gene mutations are both
associated with Parkinson's disease [39]. GBA mutations carriers had an OR of 6.24 (10.2% in
patients vs. 1.8% in controls, P < 0.0001) for RBD and among Parkinson's disease patients, the OR
for mutation carriers to have probable RBD was 3.13 (P = 0.039) [39]. These results demonstrate
that RBD is associated with GBA mutations, and combining genetic and prodromal data may assist
in identifying individuals susceptible to PD [39]. While GBA mutations were more common in RBD,
no leucine-rich repeat kinase 2 (LRRK2) mutations were found [36]. RBD patients are impaired
across a range of clinical measures, consistent with prodromal PD, and suggestive of a more severe
nonmotor subtype. Clinical risk stratification has the potential to select higher risk patients for
neuroprotective interventions [36]. It is accepted that RBD has a prodromal association with both
PD and PD plus (namely dementia with Lewy Bodies (DLB) and Multiple System Atrophy (MSA)) [35]
with the vast majority have a α-synucleinopathy [40].
If those who experience RBD are woken during the occurrence they will usually have a full
recollection of the dream content but, if allowed to remain ‘asleep’ during the occurrence, they will
have no recollection of either the dream or that which took place during the RBD [35]. The violent
behaviour that may occur in RBD may include hitting, kicking or even attempted strangulation with
vocalisations including screaming, shouting or even laughing [34, 41]. In one study, a third of
patients with RBD injured themselves and two thirds injured their sleeping partner [41]. There has
been an English case in which a man killed his wife, during RBD, and was considered to be innocent,
due to the RBD, which excluded the involvement of a guilty mind (mens rea) or guilty act (actus rea)
[42].
There is a strong association between RBD and neurodegenerative disease, especially PD, in
which the first manifestations of PD may be the RBD, necessitating careful follow-up of any patients
presenting with RBD [41]. While routine neuroimaging, with magnetic resonance and computer
tomography, is unlikely to contribute to the evaluation of RBD [41], more sophisticated evaluation,
using [11C]DTBZ PET imaging has shown that there is pathology, mainly involving the pontine nuclei
[43] but it is unclear if those with RBD and PD have greater affected denervation of striatal dopamine
when compared with PD patients who do not exhibit RBD [43]. Valli et al. [43] examined availability
of vesicular monoamine transporter 2 (VMAT2) which is an index of nigrostriatal dopamine
innervation and reported that those with PD and RBD had lower availability of VMAT2, than did
healthy controls, within the putamen, ventral striatum and globus pallidus but not within the
substantia nigra or subthalamus. When compared with those who had PD but not RBD, they
concluded that VMAT2 and striatal dopamine denervation, in general, may not be a significant
contributor to the pathophysiology of RBD in PD patients [43].
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The management of RBD has to focus on safety and the protection of both the patient and, where
necessary, the sleep partner [35]. Some medications have been implicated, such as clomipramine,
selegiline and phenelzine [44]. Clonazepam (Rivotril®) has confirmed efficacy [35, 41] as does
melatonin MR [35] although both may exert unwanted adverse effects, such as daytime sleepiness,
nocturnal confusion and potential for falls [35]. A recent study of melatonin was negative thereby
endorsing clonazepam as the drug of choice [45]. Clonazepam is commenced at a low dosage of
0.25 mg nocte and titrated to need, up to 2gms nocte [35].
4. Obstructive Sleep Apnoea (OSA) and PD
Both OSA and PD become more prevalent with advancing years [46]. Oxidative stress and
inflammation have been implicated in the aetiologically of both OSA and PD [47, 48]. There are
conflicting data which are contradictory as some studies report an increase of OSA with PD [49, 50]
while others dispute the increased co-existence [51, 52]. In a case controlled polysomnographic
(PSG) study, in an Asian population, there was reduced sleep and altered sleep architecture in PD
patients [52]. Reduced sleep time was associated with advancing age and levodopa (acknowledging
that dosages of levodopa often increase with advancing years [53]) [52] but nocturnal arousals,
primary sleep disorders and abnormal sleepiness were not increased in the Asian PD patients,
raising questions concerning ethnic/genetic factors within this domain [52].
It is argued, by some, that OSA is not a clinically relevant concern with PD [51], claiming that
excessive daytime sleepiness may be more related to nocturia and cognitive impairment which also
increase with advancing years [54]. Personal clinical experience suggests that there is a significant
increase in OSA amongst those with PD although detailed analysis, within a controlled study,
suggested that PD patients had: lower sleep efficiency; shorter REM stage; and that the expression
of excessive daytime sleepiness (EDS) is multifactorial and responds to clonazepam [50] resulting in
less fatigue for PD patients [50], despite sleepiness being a recognised adverse effect of clonazepam
therapy [35]. The converse is also advocated, suggesting that sleep breathing disorders,
predominantly OSA, seem to be common in PD and those events correlate with the severity of the
disease [49].
There is little debate that there remains a place for continuous positive air pressure (CPAP) in the
management of those with PD and OSA [55]. CPAP proved effective in patients with PD and OSA
leading to reduced arousal index, during 6 weeks follow up [55], and reduced EDS as measured with
the multiple sleep latency test [55]. There is also emerging evidence to suggest that OSA is
associated with an increase of non-motor symptoms in PD, especially cognitive dysfunction in which
OSA may play a pivotal role adding to the groundswell that advocates PSG in patients with PD and
early intervention [56].
5. Depression and Mood Disorders in PD
It is almost axiomatic that depression and mood disorders adversely affect sleep, especially
restful sleep [57, 58]. It is also said that both depression and PD increase with advancing years [59].
Depression is acknowledged to influence many aspects of PD [59] as well as impact on quality of life
of PD patients [59]. Early intervention, to curb the impact of depression and mood disorders, has a
positive long term benefit for patients with PD [59]. There exists the argument, following a two
decade follow-up study, that depression may even be a very early prodromal symptom of PD or a
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causal risk factor [60]. In either case, early intervention, to treat the mood disorders, will have
significant benefit on the sleep pattern for people with PD [61].
6. Nocturnal Motor Disturbance in PD
Almost 70% of those with PD report nocturnal disturbances [62]. These nocturnal disturbances
may be considered within 4 main categories: 1) PD-related motor symptoms, such as nocturnal
akinesia, early-morning dystonia, painful cramps, tremor, and difficulty rolling over in bed; 2)
treatment-related nocturnal disturbances; 3) psychiatric symptoms, including hallucinations, vivid
dreams, depression, dementia, insomnia, psychosis and panic attacks, some of which have already
been described above; and 4) other sleep disorders, as described herein [62]. The nocturnal motor
disturbances, encountered by people with PD, such as restless leg syndrome (RLS) and periodic limb
movement in sleep (PLMS), may be controlled by dopaminergic medications while others, such as
insomnia and EDS, may be improved by reducing the dopaminergic stimulation [62]. It follows that
it is imperative for the clinician to critically evaluate both the symptomatology and likely aetiology
of the predominant nocturnal disturbance to provide the optimal intervention.
Nocturnal motor disturbance is a common cause for impaired sleep pattern and negative impact
on quality of life for people with PD [63]. The appropriate treatment for the nocturnal motor
disturbance is determined by the nature and diagnosis of the cause. As stated above, there may be
competing factors that underpin the expression of the disturbance and it behoves the clinician to
have an open mind and to best ascertain the exact cause, before embarking on the appropriate
intervention [63].
7. Nocturia
Nocturia is a prominent cause of disturbed sleep, especially in older men with prostatism and in
post menopausal women [64], an age group which encompasses the bulk of those with PD. Nocturia
is defined as needing to void at least nightly, during sleep period [64] and is clinically relevant if
occurring at least twice nightly [64]. It is reported to affect 28-62% of those aged 70-80 years old
[64]. This directly affects quality of life and impedes good quality sleep [64]. The pathophysiology of
nocturia is multifactorial and typically is related to polyuria (either global or nocturnal), reduced
bladder capacity or increased fluid intake [64].
It is one of the most common non-motor symptoms of PD [64] and has similar causes to those
listed for the general community [64, 65]. In exactly the same way, the assessment of patients with
PD and nocturia are comparable, requiring proper history and examination, urinalysis and possibly
ultrasonography and urodynamic studies to help assess the aetiology for the lower urinary tract
symptoms and to exclude concomitant pathologies, such as bladder outlet obstruction [65].
Antimuscarinic medications are the first‐line treatment for the overactive bladder; acknowledging
that caution is required when using these agents in patients predisposed to cognitive impairment
which includes people with PD. Desmopressin is effective for managing nocturnal polyuria [66]. It
follows that the management of nocturia, in patients with PD, is an individualised approach
depending on a clear understanding of the complete picture [66].
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8. Restless Leg Syndrome (RLS)
RLS and PD represent common neurological disorders with debate regarding whether there is an
aetiological link between the two [67], there being a common response to treatment with
dopaminergic medications [67]. There is evidence suggesting that the nigrostriatal system, primarily
involved in PD, is also affected in RLS [67] with a possible association with the parkin mutation
genetic link [67]. One of the most conflicting pieces of evidence which may contradict the
association is the differing roles of iron for RLS and PD [67]. It is known that elevated iron, in the
substantia nigra, contributes to the oxidative stress in PD while RLS is associated with relative iron
deficiency [67] in which ferritin levels and iron replacement are used to monitor intervention [68].
PSG may confirm the presence of periodic limb movement in sleep (PLMS) which will also disrupt
the sleep pattern and is common in patients with PD but may just co-exist rather than being related
[69].
9. Excessive Daytime Sleepiness (EDS)
EDS is a frequent accompaniment of PD [33] and, at times, has almost narcolepsy-like features
[33]. Poryazova et al studied 30 consecutive patients with PD, including Epworth Sleepiness Scale
(ESS) and the Multiple Sleep Latency (MSL) Test (MSLT), together with video-PSG and, in 3 patients,
cerebro-spinal fluid hypocretin-1 levels [33]. They found that >50% had an ESS <10 (17 patients);
MSL in the MSLT was <5 minutes in 11 patients (>35%); there was negative correlation between ESS
and MSL; none of the 11 with MSL <5 minutes had sleep onset REM patterns; and all 3 hypocretin
levels were within the normal range [33]. Those with EDS had higher medication dosages, suggestive
of more significant disease, great apnoea scores and had more frequent wearing-off symptoms also
suggestive of more advanced PD [33]. They concluded that EDS, in PD, was multifaceted,
unassociated with narcolepsy and represented more advanced PD [33].
The approach to EDS is similar to all medical management in that it relies heavily on the taking
of a proper history, including examination of issues such as: sleep hygiene; insomnia, from whatever
cause; symptoms suggestive of OSA, such as snoring; RBD with vivid dreams or acting out; circadian
rhythm changes; emotional status (looking for depression and mood alterations); and asking about
RLS or PLMS with uncontrollable impulse to move the legs, either in waking or sleep [32]. Once the
diagnosis has been made, appropriate remedies may be adopted, including: light therapy which may
improve motor function and depression, in addition to pharmacotherapy; advice on sleep hygiene;
and the careful use of dopaminergic drugs and hypnosedatives, where appropriate [32]. There have
been very few controlled studies upon which to make informed recommendations for the evidencebased management of sleep-wake disturbances in PD which relies heavily on its management in
other areas of the management of sleep disorders [32].
10. Conclusions
PD provides the perfect vehicle with which to assess sleep disorders in older people, especially
acknowledging that idiopathic PD is essentially a condition of older people. This review has
highlighted the extensive interface between various sleep disorders in people who have PD,
including RBD, OSA, mood disorders, nocturia and EDS and has offered some insight into their
management.
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