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Abstract
Sleep problems are among the most frequently reported non-motor symptoms of Parkinson’s disease (PD), with a broad

range of disorders: insomnia, REM sleep behavior disorder, restless legs syndrome, excessive daytime sleepiness, and

sleep-related breathing disorders. These disturbances evolve in complexity across PD severity stages, significantly impact

the patients’ quality of life and may exacerbate motor and other non-motor symptoms. Neurodegenerative processes,

impaired function of neurotransmitters, medication side effects, circadian rhythm dysfunction are among themost proposed

mechanisms that may explain the frequent occurrence of sleep disorders in PD. However, there are still many unanswered

questions related to the pathophysiological mechanisms of sleep disorders in PD that may offer the clue to better therapeu-

tical options. Although the prevalence of sleep disturbances is very high, the treatment options are still limited. The current

review focuses onmain sleep disturbances encountered in PD, pathophysiological insights, current therapeutical options and

future perspectives for a better and more personalized management of these disorders in PD.

Plain language summary
Sleep problems are very common in people diagnosed with Parkinson’s disease and can takemany forms. Some patients have

difficulties falling or staying asleep (insomnia), act out their dreamswhile sleeping (REM sleep behavior disorder), feel the urge

to move their legs at rest or night (restless legs syndrome), feel very sleepy during the day, or have breathing issues during

sleep. These sleep problems can impair other symptoms of Parkinson’s disease and reduce overall quality of life. Sleep dis-

turbances tend to become more complex and more severe as the disease progresses. Researchers have found that several

factors may cause sleep problems in Parkinson’s disease, including the damage of specific brain areas that control sleep and

wakefulness, loss of neurotransmitters (such as dopamine, serotonin, etc.) that normally help maintaining a normal and

healthy sleep cycle, disruptions to the body’s internal clock (the circadian rhythm), and side effects of medications used

to treat other symptoms of Parkinson’s disease. Even though these factors were found to play an important role in the occur-

rence of sleep problems, the exact causes of sleep problems in Parkinson’s disease are still not fully understood. Gaining a
better understanding of these underlyingmechanisms could help researchers discovermore effective and personalized treat-

ments. Currently, treatment options for sleep problems in Parkinson’s disease are limited. This review focuses on describing

themain types of sleep problems found in Parkinson’s disease,what is known so far about their causes, available therapies, and
how future research could lead to more personalized care.
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Introduction
Sleep problems are a common non-motor symptom of
Parkinson’s disease (PD), affecting patients across all
stages of the disease. A broad spectrum of sleep disturbances
may be identified in PD patients: insomnia, parasomnia
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(particularly REM sleep behavior disorder, RBD), restless
legs syndrome (RLS) and other sleep related movement dis-
orders, circadian rhythm sleep-wake disorders, excessive
daytime sleepiness (EDS), and sleep-related breathing disor-
ders.1 PD patientswith late disease (over 6 years of evolution)
ranked sleep problems (mainly insomnia and EDS) as the
fourth most bothersome symptom.2 Considering the high
prevalence of sleep disorders in PD and their significant
impact on patients’ quality of life, a non-motor subtype for
PD patients with sleep disturbances was proposed—the
Park Sleep Subtype.3 In the prodromal stages, sleep disorders
often serve as biomarkers of the disease. RBD is one of the
most distinctive sleep-related symptoms during this phase.
Studies suggest that up to 80% of individuals with isolated
RBD eventually develop PD or other synucleinopathies.4

EDSmay also be a prodromal feature of PD, although the evi-
dence is limited.5AsPDprogresses into its earlymotor stages,
sleep disturbances tend to become more pronounced.6

Longitudinal studies have noted an increased prevalence of
insomnia7 and EDS8 with longer disease duration. There are
several proposed pathophysiological mechanisms that may
explain the high occurrence of sleep disorders in PD and
their progression along PD stages.

Effective management of sleep disorders in PD requires a
multidisciplinary approach tailored to patients’ complaints
and associated motor and non-motor symptoms. Current
management strategies include education, correction of
other medications’ side effects, and specific pharmacological
interventions. However, these strategies have several limita-
tions, and further studies are mandatory for a better under-
standing of pathophysiological mechanisms of sleep
disorders in PD, which may offer the clue to developing
new pharmacological approaches or disease-modifying ther-
apies (Figure 1).

This current review aims to emphasize the main patho-
physiological insights, the current state of the art and future
directions for the management of sleep disorders in PD.

Insomnia
Insomnia is characterized by a difficulty in initiating or
maintaining sleep and it is an integral component of
the non-motor symptoms spectrum in PD. It is the most fre-
quent sleep disturbance, with a reported prevalence of
30–80% across studies.9 Furthermore, insomnia is associated
with impairment in health-related quality of life,10 increased
disease duration,11 cognitive decline12 and mood disorders.13

Pathophysiology of insomnia
Currently, there is no consensus related to a pathophysio-
logical model of insomnia.14 The multifaceted etiology of
insomnia in PD arises from a variety of causes involving
the neurodegenerative process (affecting key brain areas
that modulate sleep), circadian rhythm dysfunction, the

presence of nocturnal motor and non-motor symptoms,
medication side effects and poor sleep habits.15

Impaired activity in the suprachiasmatic nucleus (SCN)
leads to lower levels of melatonin that have been found in
patients with neurodegenerative disorders.16 Beta activity
in the basal ganglia was correlated with increased wakeful-
ness and frequency of awakenings and decreased non-REM
sleep in PD patients17 as well as in animal models.18

The presence of nocturnal motor symptoms (akinesia,
tremor, dyskinesia, dystonia) as well as other non-motor
symptoms (depression, anxiety, nocturia, pain) including
other sleep disturbances (RBD, RLS) can lead to insomnia
by sleep fragmentation, difficulty falling asleep and
increased number of awakenings. Furthermore, dopamin-
ergic medications such as amantadine, COMT inhibitors
and dopamine agonists are essential for the management
of motor symptoms, however the disruption of sleep archi-
tecture can be a potential side-effect of their use. This is also
the case for medications used to treat PD comorbidities,
such as acetylcholinesterase inhibitors and selective sero-
tonin reuptake inhibitors (SSRIs).19

Treatment
Careful investigation of the various etiological factors and
their proper management represents the first step for a tailored
management of insomnia. Non-pharmacological options,
including Cognitive Behavioral Therapy for Insomnia
(CBT-I),20 which features structured programs incorporating
education, behavioral interventions, and cognitive therapy,
aswell as bright light therapy21 and exercise,22 should be con-
sidered prior to starting other pharmacological agents.
Optimization of current antiparkinsonian treatments should
also be taking into consideration. As nocturnal motor symp-
toms are commonly associatedwith sleep fragmentation, opti-
mization of dopaminergic treatment during nighttime is
recommended. Controlled-released carbidopa-levodopa
administered prior to bedtime may be helpful in improving
akinesia, but with no significant effects on sleep parameters.23

Long-acting ropinirole24 and sustained-release pramipexole25

showed improvements of nocturnal motor symptoms that
might disturb sleep. A meta-analysis of 16 randomized con-
trolled clinical trials supported the evidence that rotigotine
transdermal patch improves motor symptoms and sleep
quality, with no increased risk of adverse effects compared
to placebo.26Therefore, rotigotinewas considered “likely effi-
cacious” in managing insomnia, according to the recommen-
dations of the International Parkinson and Movement
Disorder Society Evidence-Based Medicine Committee
(MDS EBM).27 In advanced PD stages, when deep brain
stimulation is recommended to control motor fluctuations,
improvements of subjective sleep parameters may also be
noticed, even though objective assessments have shown that
sleep architecture may be disturbed.28 Continuous drug-
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delivery therapies may be considered with favorable outcomes
in the sleep domain. Levodopa-carbidopa intestinal gel (LCIG)
resulted in long-term improvements in insomnia and total sleep
scores29 while the novel molecule foslevodopa/foscarbidopa
subcutaneous infusion also seems promising in improving
sleep-related quality of life.30,31 Longer-acting levodopa for-
mulations have the advantage to provide continuous 24-h
drugdelivery.There is an increasingbodyof scientific evidence
that subcutaneous foslevodopa/foscarbidopa improves sleep
problems.32,33 This treatment was shown to improve nocturnal
akinesia, early morning off periods, sleep quality, and noc-
turia.30 The improvements of sleep in patients undergoing
foslevodopa/foscarbidopa were also associated with positive
changes in quality of life and reductions in “Off” time.34

Similar positive effects on sleep parameters, sleep quality,
and reduced morning akinesia were observed in advanced
PD patients treated with foslevodopa/foscarbidopa, with only
mild side effects reported.35,36

In order to test the safety and efficacy of subcutaneous
apomorphine during night-time for the treatment of insomnia
in 46 PD patients, it was shown that night-time subcutaneous
apomorphine improved the sleep disturbances, measured by
the reduction of PDSS scores.31 However, subcutaneous

apomorphine was administered only during the night-time
in this study and a 24-h regimen should be avoided, in
order to prevent side effects.

When considering pharmacological treatment of insom-
nia, melatonin37 and eszopiclone38 were found to improve
insomnia and sleep in small trials; there is insufficient
data to support the effectiveness of melatonin and eszopi-
clone on insomnia in PD. MDS EBM recommends these
drugs as “possibly useful” in clinical practice.27 Although
benzodiazepine or benzodiazepine receptor agonists are
widely recommended in the general population for treat-
ment of insomnia, there is insufficient data regarding their
use in PD population. As these drugs might induce cogni-
tive decline in non-PD population or might increase the
risk of pneumonia in elderly PD patients,39 it is advisable
to avoid their use. Low doses of doxepin (10 mg) demon-
strated positive effects on insomnia in PD patients.40

Novel drug therapies for insomnia in PD include the drug
suvorexant, an orexin receptor antagonist as high orexin
plasma levels were correlated with the severity of non-
motor symptoms, mainly REM sleep disorders.41 A rando-
mized, double-blind, placebo-controlled pilot study of
suvorexant for insomnia in PD that aimed to assess the

Figure 1. Management of sleep disorders in Parkinson’s disease. Current management strategies (represented in red) include

education, correction of medication side effects, treatment of associated motor and non-motor symptoms and specific medication.

New therapeutic perspectives (represented in green) should focus on new insights in pathogenesis, pharmacogenetics, neuroprotection

and disease-modifying therapies.
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safety, tolerability and efficacy of suvorexant vs placebo in
a cohort of PD patients with insomnia was conducted with
results expected in the near future.42

Current challenges and future directions
Firstly, the complex pathological pathways of insomnia in PD
involve the neurodegenerative process, the abnormal func-
tioning of the circadian rhythms, and factors related to PD
treatment and symptoms. However, their molecular mechan-
isms are not yet fully understood. Furthermore, other factors
such as race, gender and the environment may also play a
role. Thus, further research is warranted in order to gain a
better understanding of the complexity of the disease.

Secondly, there are no specific consensus-based recom-
mendations for the treatment of insomnia in PD. Currently,
the pharmacological management of insomnia is based on
the insomniaguidelines in the non-PDand elderly populations
as well as on the observed effect of PD medications on motor
and non-motor symptoms. Future research, with randomized
controlled trials that evaluate the efficacity and safety of med-
ications for insomnia, specifically for PD patients, is needed.

A better understanding of the mechanisms of insomnia
as well as the proper identification of the risk factors and tai-
lored treatment could lead to an effective management of
the disease as well as an improvement in the well-being
of PD patients and their caregivers.

Parasomnia in PD: REM sleep behavior
disorder
RBD is a parasomnia characterized by the loss of physio-
logical muscle atonia found during REM sleep stage, with
excessive muscle tone, abnormal behaviors—mostly
dream enacting (varying from simple movements or vocal-
ization to complex or violent behaviors), together with
nightmares and vivid dreaming.43–45 RBD can be classified
into two main forms, isolated or primary RBD (iRBD) and
symptomatic or secondary RBD, the latter one occurring in
neurodegenerative disorders (such as PD, dementia with
Lewy bodies and multiple system atrophy) or other neuro-
logical disorders, such as narcolepsy type 1.

According to a meta-analysis, the estimated prevalence
of RBD in PD is 23.6%, compared to 3.4% in the general
population. RBD is an early marker in PD.46,47

Longitudinal studies have shown that a large proportion
of patients with iRBD will eventually convert to a neurode-
generative disorder, this phenoconversion being observed
within a mean interval of 10 years.48,49 The pedunculopon-
tine nucleus may be considered a potential link between
RBD and synucleinopathies, considering its role in
REM-atonia circuitry and the bidirectional connectivity
between this nucleus and substantia nigra, which is the
main site of neurodegeneration in PD.50

Pathophysiology of RBD
Dysfunction of the regulatory processes of the physiological
REM sleep atonia is a key factor leading to RBD. There are
several brain structures involved in maintaining REM sleep
atonia, such as locus coeruleus/subcoeruleus, pons, and
ventromedial medulla.51,52 Inhibitory projections from these
regions modulate the motoneurons of the spinal cord via glu-
tamatergic, GABAergic, and glycinergic systems and reduce
the muscle tone during sleep.53 The underlying pathological
mechanisms for occurrence of RBD in PD can be explained
by the neurodegenerative processes, mainly caused by accu-
mulation of α-synuclein, that impair the function of the afore-
mentioned structures.52 PD patients with RBD exhibit
abnormal glutamatergic signalling,54 but also reduced
glycine and GABA inhibition.55 Abnormal activity within
basal ganglia (increased beta power during REM sleep
without atonia) may also contribute to occurrence of RBD
in PD.56 Latest research emphasizes the role of a pontine-
medullary loop inREMsleep circuitry,which is dysfunctional
in PD, as the neurons expressing corticotropin-releasing
hormone-binding protein at this level are significantly numer-
ically reduced and contain abnormal α-synuclein.57

Management
Regarding specific pharmacological treatment, there are cur-
rently few interventions for the management of RBD. No
randomized control trials were included in the International
MDS-Evidence Based Medicine recommendations to
prove the clinical benefit of pharmacotherapy on RBD, up
to the present moment.27 Data from clinical practice and
small trials favor the use of clonazepam and melatonin.
Low doses of clonazepam (0.25–1.0 mg) have been efficient
to reduce dream enactment.58 However, the efficacy of clo-
nazepam was proved in retrospective studies/case series,
and the mechanisms of action are insufficiently understood.
Side effects of clonazepam are common and include dizzi-
ness, enuresis, gait difficulties and cognitive impairment.59

Melatonin may be considered a better choice for elderly
patients, for those with cognitive decline or increased risk
of falls,60 as it has fewer side effects (the most reported
ones being headache and somnolence58). Small clinical
trials have shown improvements of the RBD symptoms
and reduction of the muscle tone during REM sleep under
melatonin treatment.61 Melatonin can be used in monother-
apy or in conjunction with clonazepam. For isolated RBD,
the recommended dose of melatonin is 3 mg prior bedtime.
This dose may be progressively increased up to 15 mg.58

Other melatoninergic agonists have also been studied in
small trials. Agomelatine was efficient in improving RBD
symptoms in one case series of iRBD patients.62

Ramelteon, a melatonin receptor agonist, was efficient in
improving the RBD symptoms and also reduced the percent-
age of REM sleep without atonia, according to a case-report
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series, in two patients, one with multiple system atrophy and
onewith PD.63 Beneficial effects of ramelteon in PD patients
with RBD were also shown in a multicenter open trial.64

Current medication should be revised, as RBD can be
triggered by several antidepressant drugs – selective sero-
tonin reuptake inhibitors, serotonin and noradrenaline
reuptake inhibitors and tricyclic antidepressants.65–67

Comorbid obstructive sleep apnea should be identified
and treated with continuous positive airway pressure.68

There is data with potential some benefits, summarized
below.

Dopamine agonists may also be tried in resistant cases.
In one prospective open-label study on eleven PD patients,
rotigotine partially improved the RBD clinical symptoms
and sleep parameters, as evaluated by video polysomnogra-
phy.69 The effects of pramipexole are controversial.
Improvement of the RBD symptoms and PSG parameters
under pramipexole in iRBD patients was observed in
some case series,70 while in PD patients no significant
effects were noted.71 Significant improvements of RBD
symptoms were noted during treatment with safinamide in
PD patients, in a randomized, longitudinal, cross-over
pilot study.72 In one double-blind, crossover pilot trial,
the cholinesterase inhibitor rivastigmine (4.6 mg patch/
day) diminished the frequency of the RBD episodes in
PD patients.73 Donepezil, another cholinesterase inhibitor,
in doses of 10 mg at bedtime showed positive effects on
RBD symptoms in one case-series.74 According to a pilot
study, cannabidiol in doses up to 300 mg may improve
the symptoms of RBD in PD.75

Current challenges and future directions
To date, no large double-blind placebo-controlled trials
have been conducted specifically for PD patients with
RBD. Some of the current trials have not used polysomno-
graphy to certify the diagnosis of RBD, therefore the
results, although promising (such as in the case of meman-
tine76) cannot fully support the recommendation for use in
daily practice. Low sample sizes, inconclusive data and het-
erogeneity of the populations included in the studies con-
ducted to date also limit the evidence basis for current
pharmacological therapies.

As RBD is considered a prodromal symptom of PD and
also a biomarker for all α-synucleopathies, efforts should be
made in order to develop potential neuroprotective inter-
ventions. The importance of early rehabilitation should be
recognized and recommended in the future. Early rehabili-
tation started in RBD may have a potential positive influ-
ence on functional independence and quality of life.77

According to recent studies, melatonin may be considered
as a chronobiotic/cytoprotective agent in RBD,78 as it
may be effective in reducing the phenoconversion to synu-
cleinopathies.79 However, further prospective clinical trials
are necessary to determine the evidence base for current

available pharmacological interventions in the PD popula-
tion and the possible neuroprotective effects. New insights
regarding pathophysiology of RBD in PD can contribute to
the development of future possible targets for tailored
pharmacological agents that can have better effectiveness
and safety.

Excessive daytime sleepiness
EDS is a common sleep disorder among PD patients, with a
described prevalence varying greatly between 20–70%, due
to demographical and methodological differences among
studies.80,81 Suffering from EDS results in lower quality
of life, with a great impact on the activities of daily
living, as well as on the psychological well-being.82

Pathophysiology of EDS
Several risk factors for developing EDS have been
described. These include older age, male gender, longer
disease duration and increased disease severity, as some
studies have shown positive correlations between EDS
and the H&Y score, as well as the MDS-UPDRS
score.81,83 EDS can be a consequence of decreased
quality of nighttime rest due to the impact of other sleep dis-
orders like insomnia, RBD, RLS or sleep apnea.84,85 Other
non-motor symptoms like nocturia, depression, anxiety and
pain can also lead to sleep dysfunction and subsequently to
increased daytime sleepiness.86 Furthermore, the antipar-
kinsonian medication itself, in particular dopamine ago-
nists, have been found to possibly aggravate excessive
daytime sleepiness.87 In several studies, pramipexol was
found to have the most significant effect, and should there-
fore be cautiously used in PD patients with concurrent sleep
dysfunction.88,89

The pathophysiology of EDS is complex and involves
dysfunction of multiple circuits of various neurotransmit-
ters such as the dopaminergic, cholinergic and serotoniner-
gic pathways.86 Similarly to narcolepsy, the progressive
loss of orexin-containing neurons with PD advancement,
could also be involved in the development of EDS.90

Treatment
Before considering any specific therapeutic option, modifi-
able risk factors described beforehand should be optimized.
Screening for other comorbidities should be carried out and
treatment of other non-motor symptoms revised. The need
for dopamine agonists, in particular pramipexol and ropinirole
should be re-assessed, keeping the dosage to a minimum.3

As a good foundation for any pharmacological treat-
ment, sleep hygiene should always be practiced. This
includes, among others, going to bed and waking up at
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regular hours, engaging in physical activity during the day
and avoiding high intake of stimulants like coffee, black tea
and energy drinks.91

When it comes to pharmacological therapy, options
with sufficient evidence are so far scarce. The most used,
“possibly useful” agent, as considered by the Movement
Disorders Society Evidence-Based Medicine Committee
(MDS-EBM), is modafinil.27 Although the exact mechan-
ism by which modafinil promotes wakefulness in patients
with EDS is not entirely known, a meta-analysis of three
trials showed its beneficial effects in significantly reducing
the ESS score.92 Another study found a reduction of the
ESS score by methylphenidate. However, more research
is warranted.93

Current challenges and future directions
Tackling the treatment of excessive daytime somnolence is
a challenging task, as EDS is both an individual sleep dis-
order, as well as a consequence of other non-motor symp-
toms, prevalent in PD. As mood, psychological state and
emotional well-being are known to have a significant
impact on sleep quality, cognitive-behavioural therapy
can help improve symptoms related to insomnia and conse-
quently help achieve a better rest during nighttime, leading
to less somnolence during the day, but no specific studies on
its effects on EDS have been yet conducted.94 Several
wake-promoting agents have shown promise in treating
EDS in individual studies, however, more research needs
to be conducted to confirm these findings and to support
their use in everyday practice. These include sodium
oxybate (which has been so far used for the treatment of
narcolepsy-type 1),95 pitolisant (a histamine-3 receptor
inverse agonist),96 solriamfetol (a dopamine/norepineph-
rine reuptake inhibitor),97 and istradefylline (a selective
adenosine A2A receptor antagonist).98

Restless legs syndrome and other sleep
related movement disorders
Restless legs syndrome, also known as Willis-Ekbom syn-
drome, is described as unpleasant and distressing sensations
in the lower limbs, occurring during nighttime or rest, that
provoke the urge to move the limbs, with partial or full
relief of the symptoms after movement.99 Mimics of RLS
such as nocturnal cramps, venous stasis, myalgia,99 neur-
opathy, akathisia, leg motor restlessness,100,101 should be
carefully checked for and excluded before establishing the
diagnosis. The estimated prevalence of RLS in the PD
population varies widely (0–50%),102 with the tendency
to increase as the disease progresses.103 There are higher
odds ratios for RLS in PD patients compared to controls.104

As both RLS and the motor symptoms of PD respond to
dopaminergic therapy, the prevalence of RLS may be

even higher, but masked by chronic dopaminergic treat-
ment.100 RLS in PD is associated with poor sleep quality,
nocturnal pain, fatigue,105 and mood disorders.106 The
link between RLS and PD is controversial. According to
some studies, RLS may be a clinical early feature of
PD,107 while other research failed to find any conclusive
link between RLS and PD.104 According to a pilot study,
idiopathic RLS syndrome may even delay the onset of PD
and decrease PD progression.108

Pathophysiology of RLS
The current knowledge regarding pathological mechanisms
of RLS in PD is scarce. Dysfunction of the dopaminergic,
adenosine and glutaminergic systems, low iron levels and
genetic susceptibility are some of the most known factors
leading to RLS in the general population.109,110 However,
in PD, these mechanisms do not entirely explain the patho-
physiology of RLS and several differences between idio-
pathic RLS and RLS in PD have been identified. Iron
deposition in the substantia nigra in PD is increased,
while in idiopathic RLS is decreased.111,112 The nigrostria-
tal dopaminergic function, substantially reduced in PD, may
be normal113 or even increased in idiopathic RLS.114

Functional imaging studies showed reduced homogeneity
and connectivity within the precentral and postcentral gyri
in PD patients with RLS, regions that are related to abnor-
mal functionality of the sensorimotor pathways.115

Treatment
Certain drugs, such as antidepressants and neuroleptics116

can induce RLS symptoms as side effects, therefore careful
revision of the current medication regimen is advised
before starting a management plan. Non-pharmacological
measures, such as exercise, application of cooling sprays,
hot or cold baths, reduction of alcohol, caffeine and nicotine
intake,117 the use of pneumatic compression devices should
be tried.118 Peroneal nerve stimulation,119 cognitive behavior
therapy120,121 or near-infrared light therapy122 are some of
the non-pharmacological options that showed reduction of
the RLS symptoms in the general population, but these
results were not confirmed in the PD population.

There are no randomized controlled trials conducted spe-
cifically for PD patients with RLS. Current therapeutic
recommendations are based on data in idiopathic RLS.

According to latest guidelines for management of RLS in
general population, first-line pharmacological agents should
be α-2-δ ligands such as gabapentin, gabapentin enacarbil
and pregabalin, as the risk of augmentation for these medi-
cations is the lowest.123 Moreover, it was shown that long-
term treatment with dopamine agonists may reduce the effi-
cacy of other therapeutic choices, such as gabapentin ena-
carbil.124 However, the evidence for the effectiveness of
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α-2-δ ligands in PD is limited. Common side effects of the
α-2-δ ligands include sleepiness, fatigue, dizziness, and
headache. These medications could be considered as first
therapeutic options in PD patients with RLS and other asso-
ciated non-motor symptoms, such as anxiety, insomnia or
pain.125

Levodopa and dopamine agonists (DA) were reported to
be effective on RLS in PD patients.126 However, consider-
ing that many PD patients are already treated with levodopa
and/or DA, the use of higher doses is limited by side effects.
Albeit very rare in PD, the augmentation syndrome (charac-
terized by worsening of the RLS symptoms, extension of
the symptoms to upper limbs or occurrence also during
activity/daytime127) is a side effect that should be consid-
ered. Rotigotine has shown improvements of the RLS
symptoms in several open studies.128–131 Apomorphine
may also be effective in PD patients with RLS, as it may
reduce the number of spasms, awakenings,132 and the
index of periodic limb movements.133

Current evidence regarding the efficacy of iron therapy
in PD is scarce; although iron supplementation should be
recommended in idiopathic RLS (in cases where serum fer-
ritin is lower than 300 mg/ml134), this intervention has not
been validated in PD patients.

Other therapies that have been successful in the manage-
ment of RLS in PD in some case-report studies (such as
istradefylline, a selective adenosine A2A receptor antagon-
ist135 and safinamide, a monoaminoxidase-B inhibitor136)
need further validation in larger randomized controlled
trials.

According to a retrospective study which involved
twenty-two PD patients, DBS of the subthalamic nucleus
(STN) significantly improved RLS symptoms, allowing
reduction of the dosage of the dopaminergic medication,
results that were constant over a 2-year period.137 This
study provided Class IV evidence for DBS-STN in PD
patients with moderate to severe symptoms of RLS.137

Periodic limb movements during sleep (PLMS) involve
repetitive, stereotyped movements of the lower limbs occur-
ring during sleep.138 Periodic limb movement disorder
(PLMD) is defined by PLMS that disrupt sleep or lead to
daytime dysfunction, in the absence of other sleep distur-
bances such as RLS, RBD, untreated obstructive sleep
apnea or narcolepsy.45,139

Although PLMS is common in PD, especially as PD
worsens, and leads to more sleep disturbances and lower
quality of life,140 there are no clear associations between
PLMS and PD141 or between RLS and PLMS in PD.142

The pathophysiology of PLMS is linked to dysfunctions of
the dopaminergic system,143 or side effects of antidepressant
medications, such as selective serotonin reuptake inhibi-
tors.144 Overnight PSG remains the gold standard for the
diagnosis of PLMS.145 There are no evidence-based treat-
ment recommendations for PLMD,146 but in patients with
RLS, dopamine agonists (particularly D3 selective agonists),

levodopa and α-2-δ ligands may be effective.147 In the latest
guideline regarding the management of RLS and PLMD, the
American Academy of Sleep Medicine (AASM) suggests
against the use of triazolam and valproic acid on PLMD in
the general population.139

Bruxism is characterized by repetitive clenching or
grinding of teeth and may often co-occur with obstructive
sleep apnea.148 Treatment generally involves a dental appli-
ance worn during sleep. Currently, evidence on the effect-
iveness of pharmacotherapy for treating sleep bruxism is
insufficient.149 For cases where dental appliances are insuf-
ficient, botulinum toxin may be effective.150

Current challenges and future directions
To date, no consensus regarding optimal management of
RLS in PD is available. As mentioned before, no rando-
mized controlled trials were conducted for PD patients
with RLS to date. Validation of the current diagnostic cri-
teria of RLS in the PD population is needed. Although
there are available guidelines for the management of idio-
pathic RLS and augmentation, their application in PD is
questionable, considering the possible different patho-
logical mechanisms of the two entities and the particular-
ities of the PD patients (for instance the need for higher
doses of dopaminergic treatment in PD which in the
general population may lead to augmentation). Moreover,
α-2-δ ligands are recommended as the first-line therapy
for RLS in the general population, but in PD, DA therapies
may be considered as the first line choice in cases where
RLS occur as an off symptom. Evidence from the clinic
suggests that DA can be more effective than levodopa in
some patients and immediate-release DA at night can be
particularly helpful in patients not tolerating higher doses
of controlled-release DA. Although continuous drug deliv-
ery for advanced PD patients (through formulations such as
levodopa-carbidopa intestinal gel151) was reported to
improve sleep parameters, further larger studies are neces-
sary to confirm the efficacy on RLS. While foslevodopa/
foscarbidopa has been shown to improve sleep in several
studies,35,36 its specific impact on RLS remains yet to be
determined. Moreover, further research is needed to better
understand the pathophysiology of RLS in PD and to
develop more targeted treatments. Longitudinal studies
are also mandatory to evaluate the progression of RLS in
PD and its impact on the overall disease trajectory. Due
to the complexities involved in diagnosing PLMD, it is
essential to establish specific criteria for its evaluation and
diagnosis to facilitate high-level research on this disorder,
including in the PD population.

Efforts should be made to assess the efficacy of the
current therapeutic options in large randomized controlled
trials in PD patients and to investigate new pharmacological
agents.
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Other sleep problems in PD

Circadian rhythm sleep-wake disorders
An impaired circadian rhythm can lead to sleep disturbances,
as well as daily fluctuations of both motor and non-motor
symptoms in PD patients and is tightly correlated with the
neurodegenerative process. The SCN is the main structure

involved in the synthesis of melatonin on a circadian basis
through integration of information received from the retina
and adjustment of the internal circadian rhythms.152

Therefore, pathological α-synuclein accumulations in the
retinal dopaminergic cells153 (leading to impaired signal
transmission to SCN) and in the SCN contribute to clock
gene dysregulation and circadian dysfunction.154

Table 1. Main known pathophysiological mechanisms, current state of the art and weaknesses of current management strategies of

sleep disorders in Parkinson's disease.

Main known

pathophysiological

mechanisms

Current state of the art (non-pharmacological

& pharmacological interventions) Weaknesses of current state of the art

Insomnia - neurodegenerative

processes

- circadian rhythm

dysfunction

- association with other

non-motor symptoms

- medication side effects

- poor sleep habits

- management of etiological factors

- sleep hygiene

- optimization of dopaminergic treatment

(controlled-released levodopa-carbidopa,

long-acting ropinirole, sustained-released

pramipexole, rotigotine, LCIG,

foslevodopa/foscarbidopa, subcutaneous

apomorphine)

- melatonin

- eszopiclone

- doxepin

- suvorexant

- insufficient data for PD population

- no RCTs or low-quality RCTs

- few longitudinal studies

- no specific consensus-based

recommendations

- few progresses in pathophysiology of sleep

disorders in PD that may contribute to

tailored management approaches

RBD - impaired regulation of

physiological REM sleep

atonia

- neurodegenerative

processes

- abnormal function of

neurotransmitters

- dysfunction of the REM

sleep circuitry

- non-pharmacological measures (safe

environment, pressurized bed alarms,

revision of current medication)

- clonazepam

- melatonin

- agomelatine

- ramelteon

- dopamine agonists (rotigotine, pramipexole,

safinamide)

- cholinesterase inhibitors (rivastigmine,

donepezil)

- cannabidiol

EDS - association with other

non-motor symptoms

- medication side effects

- abnormal function of

neurotransmitters

- revision of current antiparkinsonian

medication and other risk factors

- sleep hygiene

- modafinil

- methylphenidate

- sodium oxybate

- pitolisant

- solriamfetol

- istradefylline

RLS - abnormal function of

neurotransmitters

- abnormal iron levels

- dysfunction of the

sensorimotor pathways

- revision of current medication

- non-pharmacological measures (exercise,

hot or cold baths, pneumatic compression

devices, peroneal nerve stimulation, CBT

- levodopa, dopamine agonists (pramipexole,

rotigotine), apomorphine, LCIG,

foslevodopa/foscarbidopa

- α-2-δ ligands (gabapentin, gabapentin

enacarbil, pregabalin)

- iron therapy istradefylline

- DBS

CBT: cognitive behavioral therapy; DBS: deep brain stimulation; EDS: excessive daytime sleepiness; LCIG: levodopa-carbidopa intestinal gel; PD:

Parkinson's disease; RCTs: randomized controlled trials; RBD: REM sleep behavior disorder; REM: rapid eye movement; RLS: restless legs syndrome.
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Circadian rhythm disorders involve chronic sleep disrup-
tions due to changes in the circadian system or misalign-
ment with socially imposed sleep-wake schedules.45

Research is ongoing into chronotherapeutics for PD, includ-
ing bright light exposure, physical exercise, and melatonin.9

Sleep-disordered breathing in PD
Obstructive sleep apnea (OSA) is the most common sleep-
disordered breathing in PD, affecting 20–70% of
patients.155 Sleep-disordered breathing could be encoun-
tered more frequently in patients with PD that also have
RBD.47 OSA can cause cardiovascular and neurological
issues, particularly cognitive decline, impacting the
quality of life in PD patients.156,157 Continuous positive
airway pressure (CPAP) is the gold standard treatment.

Main known pathophysiological mechanisms, current
state of the art and weaknesses of current management strat-
egies of sleep disorders in PD are summarized in Table 1.

ORCID iDs
Larisa Ungureanu https://orcid.org/0009-0003-3637-7803
Iulia Murasan https://orcid.org/0009-0000-5849-0135
Stefania Diaconu https://orcid.org/0000-0002-0251-4043

Funding
The authors received no financial support for the research, author-
ship, and/or publication of this article.

Declaration of conflicting interests
The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

References
1. Schütz L, Sixel-Döring F and Hermann W. Management of

sleep disturbances in Parkinson’s disease. J Parkinsons Dis
2022; 12: 2029–2058.

2. Politis M, Wu K, Molloy S, et al. Parkinson’s disease symp-
toms: the patient’s perspective. Mov Disord 2010; 25:
1646–1651.

3. Tall P, Qamar MA, Rosenzweig I, et al. The Park Sleep
subtype in Parkinson’s disease: from concept to clinic.
Expert Opin Pharmacother 2023; 24: 1725–1736.

4. Postuma RB, Iranzo A, Hu M, et al. Risk and predictors
of dementia and parkinsonism in idiopathic REM sleep
behaviour disorder: a multicentre study. Brain 2019; 142:
744–759.

5. Al-Qassabi A, Fereshtehnejad SM and Postuma RB. Sleep
disturbances in the prodromal stage of Parkinson disease.
Curr Treat Options Neurol 2017; 19: 22.

6. Dodet P, Houot M, Leu-Semenescu S, et al. Sleep disorders
in Parkinson’s disease, an early and multiple problem. NPJ
Parkinsons Dis 2024; 10: 46.

7. Zhu K, van Hilten JJ and Marinus J. The course of insomnia
in Parkinson’s disease. Parkinsonism Relat Disord 2016;
33: 51–57.

8. Zhu K, van Hilten JJ and Marinus J. Course and risk factors
for excessive daytime sleepiness in Parkinson’s disease.
Parkinsonism Relat Disord 2016; 24: 34–40.

9. Gros P and Videnovic A. Overview of sleep and circadian
rhythm disorders in Parkinson disease. Clin Geriatr Med
2020; 36: 119–130.

10. Shafazand S,Wallace DM, Arheart KL, et al. Insomnia, sleep
quality, and quality of life in mild to moderate Parkinson’s
disease. Ann Am Thorac Soc 2017; 14: 412–419.

11. Zhang Y, Ren R, Sanford LD, et al. Sleep in Parkinson’s
disease: a systematic review and meta-analysis of polysom-
nographic findings. Sleep Med Rev 2020; 51: 101281.

12. Stavitsky K, Neargarder S, Bogdanova Y, et al. The impact
of sleep quality on cognitive functioning in Parkinson’s
disease. J Int Neuropsychol Soc 2012; 18: 108–117.

13. Tholfsen LK, Larsen JP, Schulz J, et al. Changes in insom-
nia subtypes in early Parkinson disease. Neurology 2017;
88: 352–358.

14. Kutscher S and Juang C. Insomnia. Continuum (Minneap
Minn) 2023; 29: 1167–1187.

15. Mizrahi-Kliger AD, Feldmann LK, Kühn AA, et al.
Etiologies of insomnia in Parkinson’s disease – lessons
from human studies and animal models. Exp Neurol 2022;
350: 113976.

16. Wu Y and Swaab DF. The human pineal gland and
melatonin in aging and Alzheimer’s disease. J Pineal Res
2005; 38: 145–152.

17. Mizrahi-Kliger AD, Kaplan A, Israel Z, et al. Basal ganglia
beta oscillations during sleep underlie Parkinsonian insom-
nia. Proc Natl Acad Sci U S A 2020; 117: 17359–17368.

18. Moran A, Stein E, Tischler H, et al. Decoupling neuronal
oscillations during subthalamic nucleus stimulation in the
parkinsonian primate. Neurobiol Dis 2012; 45: 583–590.

19. Doufas AG, Panagiotou OA, Panousis P, et al. Insomnia
from drug treatments. Mayo Clin Proc 2017; 92: 72–87.

20. Humbert M, Findley J, Hernandez-Con M, et al. Cognitive
behavioral therapy for insomnia in Parkinson’s disease: a
case series. NPJ Parkinsons Dis 2017; 3: 25.

21. Fifel K and Videnovic A. Light therapy in Parkinson’s
disease: towards mechanism-based protocols. Trends
Neurosci 2018; 41: 252–254.

22. Cristini J, Weiss M, De Las Heras B, et al. The effects of
exercise on sleep quality in persons with Parkinson’s
disease: a systematic review with meta-analysis. Sleep
Med Rev 2021; 55: 101384.

23. Wailke S, Herzog J, Witt K, et al. Effect of
controlled-release levodopa on the microstructure of sleep
in Parkinson’s disease. Eur J Neurol 2011; 18: 590–596.

24. Ray Chaudhuri K, Martinez-Martin P, Rolfe KA, et al.
Improvements in nocturnal symptoms with ropinirole pro-
longed release in patients with advanced Parkinson’s
disease. Eur J Neurol 2012; 19: 105–113.

Falup-Pecurariu et al. 9

https://orcid.org/0009-0003-3637-7803
https://orcid.org/0009-0003-3637-7803
https://orcid.org/0009-0000-5849-0135
https://orcid.org/0009-0000-5849-0135
https://orcid.org/0000-0002-0251-4043
https://orcid.org/0000-0002-0251-4043


25. Xiang W, Sun YQ and Teoh HC. Comparison of nocturnal
symptoms in advanced Parkinson’s disease patients with
sleep disturbances: pramipexole sustained release versus
immediate release formulations. Drug Des Devel Ther
2018; 12: 2017–2024.

26. Sun W, Wang Q, Yang T, et al. A meta-analysis evaluating
effects of the rotigotine in Parkinson’s disease, focusing on
sleep disturbances and activities of daily living. Neurol Sci
2022; 43: 5821–5837.

27. Seppi K, Ray Chaudhuri K, Coelho M, et al. Update on
treatments for nonmotor symptoms of Parkinson’s
disease-an evidence-based medicine review. Mov Disord
2019; 34: 180–198.

28. Jung YJ, Kim H-J, Paek SH, et al. Effects of deep brain
stimulation on sleep-wake disturbances in patients with
Parkinson’s disease: a narrative review. Curr
Neuropharmacol 2021; 19: 1716–1727.

29. Buongiorno M, Antonelli F, Cámara A, et al. Long-term
response to continuousduodenal infusionof levodopa/carbidopa
gel in patients with advanced Parkinson disease: the Barcelona
registry. Parkinsonism Relat Disord 2015; 21: 871–876.

30. Poplawska-Domaszewicz K, Batzu L, Falup-Pecurariu C,
et al. Subcutaneous levodopa: a new engine for the
vintage molecule. Neurol Ther 2024; 13: 1055–1068.

31. De Cock VC, Dodet P, Leu-Semenescu S, et al. Safety and
efficacy of subcutaneous night-time only apomorphine infu-
sion to treat insomnia in patients with Parkinson’s disease
(APOMORPHEE): a multicentre, randomised, controlled,
double-blind crossover study. Lancet Neurol 2022; 21:
428–437.

32. Aubignat M and Tir M. Continuous subcutaneous
foslevodopa-foscarbidopa in Parkinson’s disease: a mini-
review of current scope and future outlook. Mov Disord
Clin Pract 2024; 11: 1188–1194.

33. Fung VSC, Aldred J, Arroyo MP, et al. Continuous subcuta-
neous foslevodopa/foscarbidopa infusion for the treatment
of motor fluctuations in Parkinson’s disease: considerations
for initiation and maintenance. Clin Park Relat Disord
2024; 10: 100239.

34. Chaudhuri KR, Facheris MF, Bergmans B, et al. Improved
sleep correlates with improved quality of life and motor
symptoms with foslevodopa/foscarbidopa. Mov Disord
Clin Pract 2024; 11: 861–866.

35. Soileau MJ, Aldred J, Budur K, et al. Safety and efficacy of
continuous subcutaneous foslevodopa-foscarbidopa in
patients with advanced Parkinson’s disease: a randomised,
double-blind, active-controlled, phase 3 trial. Lancet
Neurol 2022; 21: 1099–1109.

36. Aldred J, Freire-Alvarez E, Amelin AV, et al. Continuous
subcutaneous foslevodopa/foscarbidopa in Parkinson’s
disease: safety and efficacy results from a 12-month, single-
arm, open-label, phase 3 study. Neurol Ther 2023; 12:
1937–1958.

37. Daneshvar Kakhaki R, Ostadmohammadi V, Kouchaki E,
et al. Melatonin supplementation and the effects on clinical

and metabolic status in Parkinson’s disease: a randomized,
double-blind, placebo-controlled trial. Clin Neurol
Neurosurg 2020; 195: 105878.

38. Menza M, Dobkin RD, Marin H, et al. Treatment of insom-
nia in Parkinson’s disease: a controlled trial of eszopiclone
and placebo. Mov Disord 2010; 25: 1708–1714.

39. Huang K-H, Tai C-J, Kuan Y-H, et al. Pneumonia risk asso-
ciated with the use of individual benzodiazepines and
benzodiazepine related drugs among the elderly with
Parkinson’s disease. Int J Environ Res Public Health
2021; 18: 9410.

40. Rios Romenets S, Creti L, Fichten C, et al. Doxepin and
cognitive behavioural therapy for insomnia in patients
with Parkinson’s disease – A randomized study.
Parkinsonism Relat Disord 2013; 19: 670–675.

41. Huang S, Zhao Z, Ma J, et al. Increased plasma orexin-A con-
centrations are associated with the non-motor symptoms in
Parkinson’s disease patients.Neurosci Lett 2021; 741: 135480.

42. Burdick D. A pilot study of suvorexant for insomnia
in Parkinson disease. Identifier NCT02729714. https://
clinicaltrials.gov/study/NCT02729714

43. Boeve BF. REM Sleep behavior disorder: updated review of
the core features, the REM sleep behavior disorder-
neurodegenerative disease association, evolving concepts,
controversies, and future directions. Ann N Y Acad Sci
2010; 1184: 15–54.

44. Sobreira-Neto MA, Stelzer FG, Gitaí LLG, et al. REM Sleep
behavior disorder: update on diagnosis and management.
Arq Neuropsiquiatr 2023; 81: 1179–1194.

45. Darien IL. The international classification of sleep disor-
ders (ICSD-3). 3rd ed. Darien, IL: American Academy of
Sleep Medicine, 2014.

46. Zhang J, Xu CY and Liu J. Meta-analysis on the prevalence
of REM sleep behavior disorder symptoms in Parkinson’s
disease. BMC Neurol 2017; 17: 23.

47. Vorderwülbecke BJ, Lehmann R and Breuer E.
Sleep-disordered breathing in REM sleep behavior disorder
with or without Parkinson’s disease. J Parkinsons Dis 2020;
10: 1255–1259.

48. Iranzo A, Santamaria J and Tolosa E. Idiopathic rapid eye
movement sleep behaviour disorder: diagnosis, manage-
ment, and the need for neuroprotective interventions.
Lancet Neurol 2016; 15: 405–419.

49. Postuma RB, Gagnon JF, Vendette M, et al. Quantifying
the risk of neurodegenerative disease in idiopathic
REM sleep behavior disorder. Neurology 2009; 72:
1296–1300.

50. Schenck CH and Mahowald MW. REM Sleep behavior dis-
order: clinical, developmental, and neuroscience perspec-
tives 16 years after its formal identification in SLEEP.
Sleep 2002; 25: 120–138.

51. Valencia Garcia S, Luppi PH and Fort P. A particular
medullary-spinal inhibitory pathway is recruited for the
expression of muscle atonia during REM sleep. J Exp
Neurosci 2018; 12: 1179069518808744.

10 Journal of Parkinson's Disease

https://clinicaltrials.gov/study/NCT02729714
https://clinicaltrials.gov/study/NCT02729714
https://clinicaltrials.gov/study/NCT02729714


52. García-Lorenzo D, Longo-Dos Santos C, Ewenczyk C, et al.
The coeruleus/subcoeruleus complex in rapid eye move-
ment sleep behaviour disorders in Parkinson’s disease.
Brain 2013; 136: 2120–2129.

53. Iranzo A. The REM sleep circuit and how its impairment
leads to REM sleep behavior disorder. Cell Tissue Res
2018; 373: 245–266.

54. Doppler CEJ, Seger A, Farrher E, et al. Glutamate signaling
in patients with Parkinson disease with REM sleep behavior
disorder. Neurology 2024; 102: e209271.
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