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Introduction 
Parkinson's disease results from degeneration of the substantia nigra pars compacta and  the 
consequent dysfunction of the dopaminergic nigrostriatal pathway. Serotonergic and noradrenergic 
pathways are also affected. However, It has been recognized that non-dopaminergic and non-motor 
symptoms are sometimes present prior to diagnosis and these inevitably emerge with disease 
progression, impacting on morbidity, quality of life and mortality. The non-motor symptoms (NMS) 
of Parkinson's disease continue to be poorly recognized and inadequately treated in contrast with 
motor symptoms and a modern holistic approach to treatment of Parkinson's disease should therefore 
include recognition and assessment of non-motor symptoms.  

Certain aspects of the non-motor symptoms (NMS) complex of Parkinson's disease can be improved 
with currently available treatments, but other features may be more refractory and require research 
into effective non-dopaminergic drug therapies for the future. After the description in 1817 of 
‘paralysis agitans’ by James Parkinson [1], through the 20th century, the motor disorder of 
Parkinson’s disease (PD) has been extensively researched, resulting in improved diagnostic accuracy 
and the development of robust assessment tools for the motor dysfunction of PD [1–4]. Many studies 
and clinical observations have suggested that non-motor symptoms such as sleep disorders, cognitive 
problems and bowel and bladder disorders are frequent in PD. However, it is only recently that 
research has focused on the effect of non-motor symptoms (NMS) on quality of life, 
institutionalization rates, health economics and mortality rates in PD [5–10]. The fact that NMS 
correlate with advancing age and disease severity suggests that these symptoms and their management 
will become increasingly important as the average life-expectancy of the population increases [10,11]. 
As an example, a recent prospective follow-up study (15–18 years) of 149 PD patients reported that 
the major disabling symptoms included cognitive decline, falls, hallucinations, depression, urinary 
incontinence, dementia and choking with a 40% institutionalizing rate [13].An additional problem is 
that the NMS complex is frequently unrecognized by healthcare professionals, as reported by 
Shulman and colleagues [14]. This may be because physicians or nurses concentrate more on motor 
aspects, there may be unawareness that NMS are related to PD or the symptoms may not be declared 
to the healthcare professionals [12]. Recent work by the Parkinson’s Disease Non Motor Group (PD-
NMG) has led to the validation of the first comprehensive clinic-based self-completed NMS 
questionnaire and also a scale, the NMS scale that allows easy identification of NMS by the physician 
[15,16]. 

Without careful attention, NMS may remain undiagnosed and untreated. A recent international survey 
showed that up to 62% of NMS in PD might remain undeclared to health care professionals because 
patients are either embarrassed or unaware that the symptoms are linked to PD [15]. Using a screening 
tool can help identify the problem. For example, in a study using the NMS Questionnaire (NMSQ), 
PD patients reported 9-12 different NMS in their clinic visit, many of which had not been discussed 
with the doctor before being flagged by the NMSQ [137].  

Pathogenesis  
The pathological basis of the wide range of NMS that occur in PD is beyond the scope of this review. 
However, it is now clear that most NMS have a poor response to dopaminergic therapy and as such 
other pathways, including the serotonergic and noradrenergic pathways, are implicated [17]. Braak 
and colleagues have introduced the concept of a six-stage pathological process, beginning at 
‘induction sites’ with degeneration of the olfactory bulb and the anterior olfactory nucleus (clinically 
manifest as olfactory dysfunction) at stage 1, while stage 2 reflects progression of the pathological 



process to the lower brainstem [18,19]. The latter involves brainstem nuclei, which are thought to be 
key areas mediating NMS such as olfaction, sleep 

homeostasis, constipation and central autonomic control. Several of these symptoms are now 
recognized as possible pre-motor features of PD. The typical clinical motor triad of PD emerges at 
Braak stages 3 and 4 with the involvement of the substantia nigra and other deep nuclei of the mid- 
and forebrain [15]. However, limitations of the Braak hypothesis include the fact that Braak based his 
classification on Lewy body pathology and not neuronal cell loss and as such the hypothesis needs 
further validation. The hypothesis does not also explain the occurrence of early hallucinations or 
dementia for instance in dementia with Lewy bodies. 

Pre-Motor Non-Motor Symptoms 
A wide spectrum of NMS have been described in Parkinson’s disease, as shown in Table 1. In 
addition, there are drug-induced non-motor symptoms. In line with the Braak staging, several NMS 
have been identified before the motor syndrome of PD emerges. 

In the future, pre-motor identification or identification of ‘at risk’ individuals for PD may be based 
upon detection of some or a combination of NMS of PD. Examples include tests that combine 
olfactory abnormality detection with REM behaviour disorder (RBD) and functional imaging of the 
stratum (DAT Scan), or transcranial ultrasound imaging, which may show hyperechogenecity of the 
nigra in PD, although this is currently being investigated [20–22]. We review the four cardinal 
postulated NMS that may predict development of PD. 

Olfaction 
Impaired olfaction is one of the earliest and most common NMS of PD and has been shown to affect 
up to 90% of PD patients [21,25]. Olfactory deficits have been reported in asymptomatic relatives of 
patients with PD, some of whom subsequently became symptomatic [22]. Of 78 first degree 
asymptomatic relatives of patients with nonfamilial PD, 40 had hyposmia at baseline and 2 years later 
4 had clinical PD [26]. Using the Brief Smell Identification Test (BSIT) in 2263 healthy Japanese–
American subjects, Ross and colleagues reported a relative odds ratio for PD in the lowest BSIT 
centile of 4.3 (p = 0.02). A total of 163 patients had died and autopsy showed 17 with incidental lewy 
body disease [136]. In another study using DAT scan and transcranial sonography, Sommer and 
colleagues investigated 30 patients with idiopathic anosmia, of whom 11 had abnormal transcranial 
sonography (TCS) while 5/10 subjects had pathological DAT scan [27]. The pathophysiology is 
unclear but neuropathology and imaging studies have suggested structural and functional changes in 
the olfactory bulb [23]. Olfactory testing aims to identify deficits in:  

• Odour detection 
• Odour identification 
• Odour discrimination 

Odour detection and identification appear unrelated to disease stage or duration while odour 
discrimination is negatively correlated to severity of disease and may even be partially reversible after 
deep-brain stimulation [21]. 

REM Behaviour Disorder 
RBD is a parasomnia, characterised by loss of the normal skeletal muscle atonia during REM sleep, 
thus enabling the patient to physically enact their dreams and, in some, vocalizations and abnormal 
movements are reported by bed partners [28,29]. The pathogenesis of RBD is unclear; however, there 
is evidence that it may arise as a result of degeneration of lower brainstem nuclei, including the 
pedunculopontine and subcoeruleal nucleus, areas related to Braak stage 2 [18,30].B 



Table 1 Non-motor symptoms of Parkinson’s disease 
Neuropsychiatric 
symptoms 

Depression, apathy, anxiety 

 Anhedonia 
 Attention deficit 
 Hallucinations, illusion, delusions 
 Dementia 
 Obsessional behaviour (usually drug induced), repetitive behaviour 
 Confusion 
 Delirium (could be drug induced) 
 Panic attacks 
Sleep disorders Restless legs and periodic limb movements 
 REM behaviour disorder and REM loss of atonia 
 Non-REM sleep-related movement disorders 
 Excessive daytime somnolence 
 Vivid dreaming 
 Insomnia 
 Sleep disordered breathing 
Autonomic symptoms Bladder disturbances: 
 Urgency 
 Nocturia 
 Frequency 
 Sweating 
 Orthostatic hypotension: 
 Falls related to orthostatic hypotension 
 ‘Coat hanger’ pain 
 Sexual dysfunction: 
 Hypersexuality (likely to be drug induced) 
 Erectile impotence 
 Dry eyes (xerostomia) 
Gastrointestinal symptoms 
(overlaps with autonomic) 

Dribbling of saliva 

 Ageusia 
 Dysphagia/ choking 
 Reflux, vomiting 
 Nausea 
 Constipation 
 Unsatisfactory voiding of bowel 
 Faecal incontinence 
Sensory symptoms Pain 
 Paraesthesia 
 Olfactory disturbance 
Other symptoms Fatigue 
 Diplopia 
 Blurred vision 
 Seborrhoea 
 Weight loss 
 Weight gain (possibly drug induced) 

Longitudinal data suggest that RBD may predate motor symptoms in up to 40% of patients [31–33]. A 
retrospective study of 44 patients with RBD by Iranzo and colleagues in 2006 revealed that 45% of 
patients developed a neurological disorder such as PD, multiple system atrophy (MSA) or dementia 
with Lewy body after a mean of 11.5 years [34]. Therefore, this study supports the suggestion that 
RBD is linked to preclinical PD. Stiasny-Kolster and colleagues have suggested that the combination 
of olfactory deficit and isolated RBD could be screened by DAT scan as a possible pre-motor testing 



for individuals at risk of developing PD [35]. A total of 30 RBD patients had increased olfactory 
threshold and PD occurred in 5, while DAT scans were abnormal in 3/11 [35]. Postuma and 
colleagues investigated the role of RBD as a potential marker of PD using colour vision, olfaction, 
motor speed testing, autonomic function and depression rating in 25 patients with RBD and compared 
with controls [36]. In 50% of RBD patients who scored poorly in one test, performance was poor in 
other tests, suggesting that olfactory dysfunction and depression may occur concurrently in RBD [36]. 
More recently, Postuma et alhave suggested that there is a 40% risk of developing a parkinsonian 
syndrome at 10 years in those who develop idiopathic RBD. 

Depression 
Depression is the most common psychiatric complication of PD and can affect 10–70% of PD patients 
[37–40]. Depression may arise as a result of damage to serotonergic as well as limbic noradrenergic 
and dopaminergic neurotransmission, as shown in a positron emission tomography (PET) study that 
showed that depressed PD patients have reduced decreased cerebrospinal fluid (CSF) 5-
hydroxyindoacetic acid (5HT1A) levels and reduced cortical 5HT1A receptor binding compared with 
non depressed patients [41]. A cross-sectional study has recently reported an association between 
elevated plasma homocysteine levels, depression and cognitive impairment in PD [42]. Other studies 
have suggested that depression, like RBD and hyposmia, may precede the development of PD [43–
46]. Nilsson and colleagues reported that depressed patients are more likely to develop PD than 
osteoarthritis or diabetes, while a retrospective cohort study by Schurmann and colleagues reported 
that at the time of diagnosis of idiopathic PD, 9.2% had a lifetime diagnosis of depression compared 
with 4.2% of controls [44,45]. However, it is important to be aware that retrospective studies may not 
be reliable due to recall bias. A PD test battery developed by Montgomery and colleagues, including 
tests for depression (Beck Depression Inventory), olfactory testing (The University of Pennsylvania 
Smell Identification Test [UPSIT]) and a simple motor task of wrist flexion and extension, showed 
significant impairment in first-degree relatives of PD from controls [46]. 

Constipation 
Constipation is one of the most common NMS and may precede the development of PD [47,48].The 
dorsal–vagal nucleus may be implicated, suggesting a link with Braak stage 2 [47,49]. In a 
prospective study, Abbott and colleagues followed the bowel habits of 6790 men for 24 years and 
reported that those with constipation had a threefold risk (odds ratio [OR]: 2.7; p = 0.007) of 
developing PD after a mean interval of 12 years from initial constipation and 96 developed PD [50]. 
Edwards and colleagues investigated the involvement of the gastrointestinal tract in PD in 98 patients 
and reported that symptoms such as constipation, abnormal salivation, dysphagia and nausea were 
more common in PD patients than in controls [51]. Constipation in PD does not respond well to 
dopaminergic a treatment, suggesting a non-dopaminergic mechanism in the pathogenesis [47]. 

Non-Motor Symptoms and Screening for PD 
NMS that result from non-dopaminergic pathology, such as olfaction, depression, autonomic 
dysfunction and RBD, are a target for the development of PD screening tests [15]. The onset of 
dopaminergic cell loss occurs years before the motor symptoms appear and at diagnosis there is a 
reduction of 60–70% of the dopaminergic neurons and a reduction of dopamine by 80% [52,77]. 
Screening of individuals at increased risk will be important if measures to slow the neurodegenerative 
process, if available, can be introduced at an earlier stage. TCS of the substantia nigra has been 
suggested as a possible screening tool for PD [20]. Studies have shown that more than 90% of PD 
patients have increased echogenicity of the substantia nigra that can be detected early in the disease 
[20]. However, the findings need to be replicated at other centres before the widespread use of this 
technique. 

Prevalence of Non-Motor Symptoms of PD 
A recent international study validating a self-completed non-motor questionnaire (NMSQuest) by 
Chaudhuri and colleagues revealed that non-motor symptoms are highly prevalent in PD patients 
(with the exception of insomnia, nausea and vomiting, bowel incontinence, insomnia and nocturia) 



across all stages and disease duration compared with age- matched controls, and some patients 
reported more than ten symptoms each [16]. This study also showed that NMS can occur in all disease 
stages and the number of symptoms correlates with disease duration and severity [16].  

The NMS complex of PD is frequently unrecognized by healthcare professionals. In a prospective 
study of 101 patients, Shulman and colleagues demonstrated that neurologists failed to identify the 
major NMS such as depression, sleep disturbances, anxiety and fatigue in more than 50% of the 
patients [14]. NMS symptoms can easily be missed as there is a tendency to concentrate on the motor 
aspects of PD. Frequently, physicians are unaware that NMS are related to PD [15]. In some cases the 
symptoms are not declared to the healthcare professional [16]. The problem is compounded by the 
fact that there is a lack of clinically validated instruments for assessing NMS in a comprehensive and 
unified fashion so as to enhance early identification and evaluate the effect of treatment [14]. Recently 
the first comprehensive clinic-based NMS questionnaire (NMSQuest), which allows easy 
identification of NMS by the physician, has been validated [15]. The NMS scale, which rates the 
symptoms in terms of frequency and severity, has also been validated in two major international 
studies in over 600 patients [138,139]. 

Non-Motor Symptoms 
Cognition 
The cognitive/neuropsychiatric NMS of PD range from anxiety state, apathy and depression to frank 
dementia [53–56]. Psychosis is the key factor requiring nursing-home placement and depression 
causes a significant negative impact on the quality of life in PD [7–9].  

Anxiety and Apathy 

Anxiety disorders are common in PD and may also be a preclinical risk factor [55,56]. Several types 
of panic disorders have been described in PD but the most common forms are panic disorders, social 
phobia and generalized anxiety disorder [58]. The disorder may also be related to drug-induced non-
motor symptoms of PD [59].Apathy has now been established as a distinctive symptom of PD and is 
more common in PD patients than equally disabled osteoathritic patients, indicating a 
neurodegenerative contribution [60–62]. Apathy may respond to dopaminergic medication such as 
levodopa, but involvement of other neurotransmitter pathways is likely [63]. 

Psychosis and Visual Hallucinations 

Up to 40% of patients experience visual hallucinations,usually benign, while more sinister symptoms, 
such as delusions (accusatory), paranoid ideation and delirium, become more frequent as the disease 
progresses and interfere significantly with daily activities [64]. While visual hallucinations are 
commonly viewed as a side effect of anti-PD treatments such as amantadine, anticholinergics, 
selegiline, dopamine agonists and less commonly, levodopa, neuronal degeneration itself may be 
causative [65]. Delirium may occur in advanced dementia or may be induced by concurrent infection 
or in association with Parkinsonism–hyperpyrexia or neuroleptic malignant syndrome [66]. Onofrj 
and colleagues have cited RBD as a possible risk factor for hallucinations in a follow-up study of PD 
patients with RBD and other risk factors include cognitive impairment, age and duration of PD 
[67].Dopaminergic drugs can induce psychiatric symptoms by disrupting sleep, leading to vivid 
dreams, hallucinations and finally delirium [68].Genetic predisposition, for example, a polymorphism 
in the cholecystokinin gene has also been postulated as a causal factor [69]. A proposed mechanism 
for dopamine dysregulation syndrome is abnormal dopamine regulation within the nucleus accumbens 
and decreased activation of the mesolimbic reward system [70, 71]. 

Cognitive Dysfunction 

Dementia complicates up to 40% of PD cases, a rate approximately six-times higher than normal 
healthy subjects [72]. Hely and colleagues reported cognitive decline with rates as high as 84% in 
their long-term (15–18 years) follow up study of PD patients [13]. Dementia in PD is similar to that 
caused by lesions of the prefrontal cortex, characterized by a dysexecutive syndrome with impairment 
of visuo–spatial abilities and memory on a background of loss of response to dopaminergic drugs 
[73,74]. Nigral cellular degeneration, loss of cholinergic cells in the nucleus basalis of Meynert, and 



the presence of cortical and subcortical Lewy bodies, have been implicated [75,76]. Like Alzheimer’s 
disease, hippocampal volume is diminished in PD with dementia [77]. 

Nocturnal NMS 
Nearly all PD patients have sleep disturbances which usually starts early in the disease [78–80]. The 
pathogenesis of sleep disruption is multifactorial but degeneration of central sleep regulation centres 
in the brainstem and thalamocortical pathways is likely to be important. The pedunculopontine 
nucleus, locus coerulius and the retro rubral nucleus influence normal REM atonia and phasic 
generator circuitry and have been implicated in the pathogenesis of RBD [81–83]. The range of sleep 
conditions that occur in PD are shown in Table 2. Other factors that may contribute to sleep disruption 
include motor symptoms, anxiety and depression, and dopaminergic treatment. Some NMS cause 
abnormalities in the primary sleep architecture and have a secondary effect on the quality of sleep, 
such as nocturia causing bedwetting if the patient is too rigid to get out of bed or restless legs 
syndrome causing frequent arousal. Obstructive sleep apnoea, not necessarily associated with obesity, 
and a narcoleptic pattern of rapid onset of sleep are also important causes of sleep-related morbidity in 
PD [78,85]. 

Table 2 Sleep-related non-motor features of Parkinson's disease 
Insomnia Fragmentation of sleep 
 Sleep-maintenance insomnia 
 Sleep-onset insomnia 
Motor function-related Akinesia (difficulty turning) 
 Restless legs 
 Periodic limb movements of sleep 
Urinary difficulties Nocturia 
 Nocturia with secondary postural hypotension 
Neuropsychiatric/parasomnias Depression 
 Vivid dreams 
 Altered dream content 
 Nightmares 
 Night terrors 
 Sleep talking 
 Nocturnal vocalisations 
 Somnambulism 
 Hallucinations 
 Panic attacks 
 REM behaviour disorder 
 Non-REM-related sleep disorders 
Treatment-related motor Nocturnal off-period-related tremor 
 Dystonia 
 Dyskinesias 
 Off-period-related pain/paraesthesia/muscle cramps 
Urinary Off-period-related incontinence of urine 
Treatment-related motor Nocturnal off-period-related tremor 
 Dystonia 
 Dyskinesias 
 Off-period-related pain/paraesthesia/muscle cramps 

 

Excessive Daytime Sleepiness 
Excessive daytime sleepiness (EDS) and involuntary dozing affects up to 50% of PD patients and may 
be preclinical marker [84,85]. EDS is important to recognize as it may considerably impact quality of 
life in PD [87]. EDS is associated with poor concentration and memory, which may result in road 
accidents and accidents at work [88] Saper and colleagues proposed the concept of a flip-flop switch, 
which is responsible for the sleep–wake cycle in primates [88]. Dopaminergic dysfunction and 



neuronal degeneration can destabilize the switch and its regulators, promoting rapid transitions to 
sleep. Hypocretin, neuronal activity-related pentraxin (NARP) and dynorphin releasing neurones have 
also been implicated but not confirmed as having a regulatory role [89]. 

Dysautonomia  
Autonomic dysfunction is associated with various movement disorders, most commonly Parkinson’s 
disease and MSA, and it can be an important feature in the differential diagnosis of Parkinsonian 
disorders [90]. The symptoms of dysautonomia in PD may include orthostatic hypotension, bladder 
dysfunction, gastrointestinal dysfunction (particularly constipation), sexual dysfunction and 
hyperhidrosis. The pathophysiology is complicated and is thought to include dysfunction or 
degeneration of the nucleus ambiguus, the dorsal–vagal nucleus and various medullary centres that 
modulate the activity of the sympathetic pre-ganglionic neurons (these include the rostral ventrolateral 
medulla, ventromedial medulla and the caudal raphe nuclei) [91]. Modulation of the central 
autonomic network is thought to be disrupted through degeneration of cholinergic, monoaminergic 
and serotonergic nuclei [91]. Magerkurth and colleagues reported a statistically significant increase of 
orthostatic dizziness, bladder dysfunction (mainly urge incontinence and frequency), hyperhidrosis 
and erectile dysfunction in PD patients compared with the controls [92]. Reports of bowel 
dysfunction, including constipation and feeling full, were also increased in PD patients, but this was 
not statistically significant [92]. Approximately 50% of PD patients rated the impact of the autonomic 
symptoms on their daily lives as ‘a lot’ or ‘very much’ [92]. The NMSQuest study also confirmed that 
dysautonomic symptoms were significantly more prevalent in PD patients than in controls, and the 
total number of non-motor symptoms correlated with the stage of the disease [16].Goldstein and 
colleagues used beat-to-beat blood pressure measurements during performance of the Valsalva 
manoeuvre to detect sympathetic neurocirculatory failure in PD patients, and 6-[18F] fluorodopamine 
to estimate sympathetic cardiac innervation. They found that all 9 of the PD patients who had 
sympathetic neurocirculatory failure, and 11 of the 15 PD patients who did not have neurocirculatory 
failure, demonstrated sympathetic cardiac denervation, relative to controls. This contrasted 
dramatically with the results from MSA patients, who did not show evidence of sympathetic cardiac 
denervation. The results suggest that cardiac denervation is not related to severe or late-stage disease 
and catecholamine function in PD may be defective not only in the brain but also in the heart [93]. 
Meta-[123I] iodobenzylguanidine (MIBG) is a noradrenaline analogue, taken up by postganglionic 
sympathetic neurons, and has been used to analyze the sympathetic cardiac activity in PD patients 
with orthostatic hypotension. It has been found to be reduced in patients with PD, both with and 
without orthostatic hypotension [94]. This often differs from MSA, in which cardiac MIBG uptake is 
usually normal. Nocturia, frequency and urgency are common complaints in PD patients and 
functional imaging studies show that dopaminergic mechanisms may be involved in bladder control 
[95]. 

Fatigue 

Fatigue is a common complaint in Parkinson’s disease and is reported to have a negative impact on 
the quality of life [96]. Fatigue may be related to other non-motor features of PD such as depression, 
sleep disturbances and dementia [97]. However, studies have shown that fatigue is a non-motor, 
which may occur independently of other non-motor symptoms [98]. 

Sexual dysfunction 

Both reduced and increased sex drive has been reported in PD [99], and it is thought that this may 
represent another dysautonomic symptom of the disease. Testosterone deficiency has been implicated 
in this process and testosterone replacement therapy improved a range of motor and non-motor 
symptoms in a trial of ten PD patients with signs of testosterone deficiency [100]. In PD patients with 
bilateral subthalamic stimulation, rates of sexual dysfunction of 76.5% have been reported [101]. 
Hypersexuality and other forms of aberrant sexual behaviours and drive are part of the dopamine 
dysregulation syndrome, which occurs with dopaminergic drug treatment [71]. 



Pain 
Pain is one of the major clinical symptoms in PD but its pathophysiology is unclear. Medial and 
lateral pain syndromes are recognized and medial pain pathways are composed of parabrachial 
nucleus and locus coeruleus projecting to the secondary somatosensory cortex and the anterior 
cingulated, thus suggesting that there may be a link between early PD and pain [102,103]. Various 
pain syndromes described may be related to motor fluctuations, early morning dystonia or secondary 
causes such as musculo–skeletal pain [104,105]. In some cases retroperitoneal fibrosis related to use 
of some ergot dopamine agonist may present as deep visceral pain. Oral (burning mouth syndrome) 
and genital pain may rarely occur and needs to be recognized [106].ox 3. Ask author for title. 

Drug-Induced NMS and ‘Wearing Off’ Phenomenon 
PD patients on long-term levodopa treatment may experience the ‘wearing-off’ phenomenon, which 
may be associated with NMS such as anxiety, pain, tingling, coldness of limbs, restless legs and 
‘unclear thinking’ [15]. Hillen and colleagues reported that 17% of patients experienced non-motor 
symptoms associated with the  wearing-off phenomenon, which included sensory dyspnoea, nausea, 
facial flushing, hunger and pain [107]. Stacy and colleagues have developed and validated a specific 
wearing-off patient questionnaire to aid clarification and better definition of the wearing-off-related 
motor and NMS in PD [108]. 

Management of Non-Motor Symptoms 
Robust controlled studies are virtually nonexistent for the treatment of NMS in PD. However, there is 
some evidence from a handful of controlled trials for the treatment of certain NMS in PD, in 
particular depression, cognitive decline, psychosis and EDS. Moreover, the effect of these treatments 
on quality of life in PD is lacking, and many trials include only small numbers of patients. 

Dopaminergic treatment has some effect on depressive symptoms. Only pramipexole has been 
investigated for its potential beneficial effect in depression and Corrigan and colleagues reported 
antidepressant activity similar to fluoxetine [109]. Other dopaminergic agonists including ropinorole 
(not pergolide) may have the same effect [110,111]. However, some studies have reported 
precipitation of mania with pramipexole and ropinirole [112]. Tricyclic antidepressants (TCA) and 
selective serotonin uptake inhibitors (SSRIs) have remained the major classes of drugs used for 
treatment of depression in PD [110]. However, SSRIs such as fluoxetine or fluvoxamine should be 
avoided in patients receiving selegiline as it can induce the potentially fatal serotonin syndrome [110]. 

Treatment of psychosis in PD remains complicated as withdrawing dopaminergic treatment or 
introducing antipsychotics may worsen the parkinsonian state. However, there is good evidence that 
newer atypical antipsychotics, e.g., clozapine, may be beneficial [113]. The evidence of efficacy of 
quetiapine is controversial as a recent trial has shown no beneficial effect of quetiapine for PD 
psychosis [114]. The newer antipsychotics bind loosely and dissociate rapidly from D2 receptors, 
allowing an almost normal dopaminergic transmission [115]. Several studies have shown that 
clozapine improves the psychosis rating scales [113,116].  

Dopaminergic treatment has a limited effect on cognitive impairment in PD. Loss of cholinergic cells 
forms the basis of treatment for dementia in PD. The EXelon in PaRkinson’s disEaSe dementia Study 
(EXPRESS) for efficacy of rivastigmine in dementia associated with PD represents advances in 
treatment of aspects of NMS in PD using non-dopaminergic treatment [117]. The cholinesterase 
inhibitor rivastigmine was shown to have a significant effect on dementia in PD as rated by dementia 
scores [117]. In another double blind, placebo controlled trial donepezil was also shown to improve 
dementia [118].  

There is evidence from two small trials to support the use of modafinil for EDS in PD [119,120]. 
Although the sample size was small, Adler and colleagues demonstrated that modafanil was effective 
for the treatment of EDS [119]. However, a recent larger double-blind, placebo-controlled trial in 40 
patients did not show efficacy of modafinil for EDS in PD [121].There are no controlled trials for 
treatment of RBD but there are claims that night-time dosing with levodopa and use of clonazepam or 
pramipexole may reduce involuntary nocturnal movements during sleep [32]. Most clinical 



experience is based on use of clonazepam but it is necessary to exercise caution as sleep-disordered 
breathing may coexist with RBD and can be worsened by clonazepam.  

Controlled trial evidence regarding the treatment of autonomic dysfunction in PD is only available for 
drooling and erectile dysfunction. Both botulinum toxin A and B injected into the parotid and/or 
submandibular glands can be an effective treatment for drooling in PD [122]. Erectile dysfunction can 
be treated effectively in PD with the use of sildefinil without the occurrence of side effects, in 
particular postural blood pressure[123].There is little research available for treatment of constipation, 
which is a very common presenting symptom in PD; however, in one study, macrogol was shown to 
be effective [124].  

Although deep-brain stimulation of the subthalamic nucleus is an effective treatment for motor 
symptoms of PD, its effect on non-motor symptoms is unclear [125]. Kalteis and colleagues reported 
an improvement in psychiatric symptoms such as depression, anxiety and psychological symptoms in 
a study of 33 patients after subthalamic nucleus deep brain stimulation [126]. There have been reports 
of decreased verbal and executive functioning after subthalamic nucleus deep brain stimulation [127]. 

Dopaminergic therapy appears to be unhelpful for most of the NMS of PD unless these are linked to 
motor fluctuations. Many NMS of PD may have a non dopaminergic basis and symptoms usually do 
not respond to dopaminergic treatment [36]. Indeed, dopaminergic therapy may precipitate some non-
motor problems in PD such as the dopamine dysregulation syndrome and orthostatic hypotension 
[70].  

Conclusions 
Delayed detection of NMS may lead to disability and poor quality of life, increasing the cost of care 
of PD in the society. NMS such as visual hallucinations, dementia and falls are a major source of 
hospitalization and institutionalization. Recognition of non-motor symptoms is therefore essential for 
the holistic management of PD and the importance of a multidisciplinary approach, including support 
for carers, cannot be overemphasized [5]. 

References 
1. Parkinson J: An essay on the shaking palsy [reprint of monograph published by Sherwood, Neely, and Jones, 

London, 1817]. J. Neuropsychiatry Clin. Neurosci. 14, 223–236 (2002). 
2. Hughes AJ, Daniel SE, Kilford L, Lees AJ: Accuracy of clinical diagnosis of idiopathic Parkinson's disease: a 

clinico-pathological study of 100 cases. J. Neurol. Neurosurg. Psychiatry 55(3), 181–184 (1992). 
3. Movement Disorder Society Task Force on Rating Scales for Parkinson's disease: The Unified Parkinson's 

Disease Rating Scale (UPDRS):status and recommendations. Mov. Disord. 18(7), 738–750 (2003). 
4. Olanow CW, Watts RL, Koller WC: An algorithm (decision tree) for the management of Parkinson’s disease: 

treatment guidelines. Neurology 56(Suppl. 5), S1–S88 (2001). 
5. Global Parkinson's disease Survey Steering Committee: Factors impacting on quality of life in Parkinson's 

disease: results from an international survey. Mov. Disord. 17(1),60–67 (2002). 
6. Chaudhuri KR, Schapira AHV, Martinez-Martin P et al.: The holistic management of Parkinson’s using a 

novel non-motor symptom scale and questionnaire. Adv. Clin. Neurosci. Rehab. 4, 20–24 (2004). 
7. Aarsland D, Larsen JP, Tandberg E, Laake K: Predictors of nursing home placement in Parkinson's disease: a 

population-based, prospective study. J. Am. Geriatr. Soc. 48(8), 938–942 (2000). 
8. Schrag A, Jahanshahi M, Quinn N: What contributes to quality of life in patients with Parkinson's disease? J. 

Neurol. Neurosurg.Psychiatry 69(3), 308–312 (2000). 
9. Findley L, Aujla M, Bain PG et al.: Direct economic impact of Parkinson's disease: a research survey in the 

United Kingdom. Mov. Disord. 18(10), 1139–1145 (2003). 
10. Hagell P, Nordling S, Reimer J, Grabowski M, Persson U: Resource use and costs in a Swedish cohort of 

patients with Parkinson's disease. Mov. Disord. 17(6), 1213–1220 (2002). 
11. Pressley JC, Louis ED, Tang MX et al.The impact of comorbid disease and injuries on resource use and 

expenditures in Parkinsonism. Neurology 60(1), 87–93 (2003). 
12. Chaudhuri KR, Yates L, Martinez-Martin P: The non-motor symptom complex of Parkinson’s disease: time 

for a comprehensive assessment. Curr. Neurol.Neurosci. Rep. 5, 275–283 (2005). 
13. Hely MA, Morris JGL, Reid WGJ, Trafficante R: Sydney multicentre study of Parkinson's disease: non-L-

dopa-responsive problems dominate at 15 years. Mov. Disord.20, 190–199 (2005). 
14. Shulman LM, Taback RL, Rabinstein AA, Weiner WJ: Non-recognition of depression and other non-motor 

symptoms in Parkinson's disease. Parkinsonism Relat. Disord. 8(3), 193–197 (2002). 



15. Chaudhuri KR, Healy DG, Schapira AH: Non-motor symptoms of Parkinson’s disease: diagnosis and 
management. Lancet Neurol. 5(3), 235–245 (2006). 

16. Chaudhuri KR, Martinez-Martin P, Schapira AHV et al.: An international multicentre pilot study of the first 
comprehensive self-completed non-motor symptoms questionnaire for Parkinson’s disease: the NMSQuest 
study. Mov. Disord. 21(7), 916–923 (2006). 

17. Zgaljardic DJ, Foldi NS, Borod JC: Cognitive and behavioural dysfunction in Parkinson's disease: 
neurochemical andNon-motor symptoms in Parkinson’s disease: an underdiagnosed problem 
clinicopathological contributions. J. Neural Transm. 111, 1287–1301 (2004). 

18. Braak H, Del Tredici K, Rüb U, de Vos RAI,Jansen Steur ENH, Braak E: Staging of brain pathology related 
to sporadic Parkinson’s disease. Neurobiol. Aging 24, 197–210 (2003). 

19. Del Tredici K, Braak H: Idiopathic Parkinson’s disease: staging an α-synucleinopathy with a predictable 
pathoanatomy. In: Molecular mechanisms in Parkinson’s disease. Kahle P, Haass C (Eds).Landes 
Bioscience, Georgetown, TX USA, 1–32 (2004). 

20. Berg D: In vivo detection of iron and neuromelanin by transcranial sonography – a new approach for early 
detection of substantia nigra damage. J. Neural Transm. 113(3), 775–780 (2006). 

21. Berendse HW: Early diagnosis in PD: olfaction. Parkinsonism Relat. Disord. 12(1), 1–2 (2006). 
22. Montgomery EB Jr, Baker KB, Lyons K et al.: Abnormal performance on the PD test battery by 

asymptomatic first-degree relatives. Neurology 52, 757–762 (1999). 
23. Muller A, Abolmaali ND, Hakimi AR et al.:Olfactory bulb volumes in patients with idiopathic Parkinson’s 

disease-a pilot study. J. Neural Transm. 112, 1363–1370 (2005). 
24. Boeve BF, Silber MH, Ferman TJ et al.:Association of REM sleep behaviour disorder and 

neurodegenerative disease may reflect an underlying synucleinopathy. Mov. Disord. 16, 622–630 (2001). 
25. Hawkes C: Olfaction in neurodegenerative disorders. Mov. Disord.. 18, 364–372 (2003). 
26. Ponsen MM, Stoffers D, Booij J, Van Eck-Smit BL, Wolters EC, Berendse HW: Idiopathic hyposmia as a 

preclinical sign of Parkinson's disease. Ann. Neurol. 56(2), 173–181 (2004). 
27. Sommer U, Hummel T, Cormann K et al.:Detection of presymptomatic Parkinson's disease: combining 

smell tests, transcranial sonography, and SPECT. Mov. Disord. 19(10), 1196–1202 (2004). 
28. Comella CL, Tanner CM, Ristanovic RK: Polysomnographic sleep measures in Parkinson’s disease patients 

with treatment induced hallucinations. Ann. Neurol. 34, 710–714 (1993). 
29. Ohayon MM, Caulet M, Priest RG: Violent behaviour during sleep. J. Clin. Psychiatry 58, 369–376 (1997). 
30. Rye DB: The two faces of eve. Dopamine’s modulation of wakefulness and sleep. Neurology 63(3), S2–S7 

(2004). 
31. Schenck CH, Bundlie SR, Mahowald MW: Delayed emergence of a parkinsonian disorder in 38% of 29 

older men initially diagnosed with idiopathic rapid eye movement sleep behaviour disorder.Neurology 46, 
388–393 (1996). 

32. Olson EJ, Boeve BF, Silber MH: Rapid eye movement sleep behaviour disorder: demographic, clinical and 
laboratory findings in 93 cases. Brain 123, 331–339 (2000). 

33. Gagnon JF, Bedard MA, Fantini ML et al.: REM sleep behaviour disorder and REM sleep without atonia in 
Parkinson’s disease. Neurology 59, 585–589 (2002). 

34. Iranzo A, Molinuevo JL, Santamaria J et al.: Rapid eye movement sleep behaviour disorder as an early 
marker for a neurodegenerative disorder: a descriptive study. Lancet Neurol. 5 (7), 572–577 (2006). 

35. Stiasny-Kolster K, Doerr Y, Moller JC et al.: Combination of 'idiopathic' REM sleep behaviour disorder and 
olfactory dysfunction as possible indicator for α-synucleinopathy demonstrated by dopamine transporter 
FP-CIT-SPECT. Brain 128(Pt 1), 126–137 (2005). 

36. Postuma RB, Lang AE, Massicotte-Marquez J, Montplaisir J:Potential early markers of Parkinson’s disease 
in idiopathic REM sleep behaviour disorder. Neurology 66(6), 796–797 (2006). 

37. Thanvi BR, Munshi SK, Vijaykumar N, Lo TC: Neuropsychiatric non-motor aspects of Parkinson's disease. 
Postgrad. Med. J. 79(936), 561–565 (2003). 

38. Aarsland D, Larsen JP, Goek Lim N et al.:Range of neuropsychiatric disturbances in patients with 
Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 67, 492–496 (1999). 

39. Lauterbach EC: The neuropsychiatry of Parkinson's disease and related disorders. Psychiatr. Clin. North 
Am. 27(4), 801–825 (2004). 

40. Burn DJ: Beyond the iron mask; towards better recognition and treatment of depression associated with 
Parkinson’s disease. Mov. Disord. 17, 445–454 (2002). 

41. Remy P, Doder M, Lees A, Turjanski N, Brooks D: Depression in Parkinson's disease: loss of dopamine and 
noradrenaline innervation in the limbic system. Brain 128(Pt 6), 1314–1322 (2005). 

42. O'Suilleabhain PE, Sung V, Hernandez C et al.: Elevated plasma homocysteine level in patients with 
Parkinson disease: motor,affective, and cognitive associations. Arch.Neurol. 61, 865–868 (2004). 

43. Lauterbach EC, Freeman A, Vogel RL: Differential DSM-III psychiatric disorder prevalence profiles in 
dystonia and Parkinson's disease. J. Neuropsychiatry Clin. Neurosci. 16, 29–36 (2004). 



44. Nilsson FM, Kessig LV, Bolwig TG: Increased risk of developing Parkinson’s disease for patients with 
major affective disorders. Acta Psychiatr. Scand. 104, 380–386 (2001). 

45. Schurmann AG, Van den Akker H, Ensinck KT et al.: Increased risk of Parkinson’s disease after depression: 
a retrospective cohort study. Neurology 58, 1501–1504 (2002). 

46. Montgomery EB, Lyons K, Koller WC: Early detection of probable idiopathic Parkinson’s disease: II. A 
prospective application of diagnostic test battery. Mov. Disord. 15, 474–478 (2000). 

47. Ahlskog JE: Challenging conventional wisdom, the etiologic role of dopamine oxidative stress in 
Parkinson’s disease. Mov. Disord. 20(3), 271–282 (2005). 

48. Byrne KG, Pfeiffer R, Quigley EM: Gastrointestinal dysfunction in Parkinson’s disease. A report of clinical 
experience at a single centre. J. Clin. Gastroenterol. 19, 11–16 (1994). 

49. Korczyn AD: Autonomic nervous system screening in patients with early Parkinson’s disease. In: Early 
diagnosis and preventive therapy in Parkinson’s disease. Przuntek H, Riederer P (Eds). Springer-Velag, 
Vienna,41–48 (1989). 

50. Abbott RD, Petrovitch H, White LR et al.:Frequency of bowel movements and the future risk of Parkinson’s 
disease. Neurology 57, 456–462 (2001). 

51. Edwards LL, Pfeiffer RF, Quigley MM, Hoffman R, Balluf M: Gastrointestinal symptoms in Parkinson’s 
disease. Mov.Disord. 6, 151–156 (2004). 

52. Bernheimer H, Birkmayer W, Hornykiewicz O, Jellinger K, Seitelberger F: Brain dopamine and syndromes 
of Parkinson and Huntington: clinical, morphological and neurochemical correlations. Neurol. Sci. 20, 
415–455 (1973). 

53. Aarsland D, Larsen JP, Goek Lim N et al.: Range of neuropsychiatric disturbances in patients with 
Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 67, 492–496 (1999). 

54. Lauterbach EC: The neuropsychiatry of Parkinson's disease and related disorders. Psychiatr. Clin. North 
Am. 27(4), 801–825 (2004). 

55. Shiba M, Bower JH, Maraganore DM et al.: Anxiety disorders and depressive disorders preceding 
Parkinson’s disease: a case–control study. Mov. Disord. 15, 669–677 (2000). 

56. Weisskopf MG, Chen H, Schwarzschild MA, Kawachi I, Ascherio A: Prospective study of phobic anxiety 
and risk of Parkinson's disease. Mov. Disord. 18(6), 646–651 (2003). 

57. Aarsland D, Ehrt U: The epidemiology of mental dysfunction in Parkinson’s disease. In: Mental Dysfunction 
in Parkinson’s disease III. Wolters E, Berendse HW, Stam CJ (Eds). VU University Press, 
Amsterdam,Holland, 95–108 (2006). 

58. Richard IH: Anxiety disorders in Parkinson’s disease. Adv. Neurol. 96, 42–55 (2005). 
59. Singh A, Althoff R, Martineau J, Jacobson J:Pramipexole, Ropinirole, and Mania in Parkinson’s disease. 

Am. J. Psychiatry 162, 814–815 (2005). 
60. Starkstein SE, Mayberg SE, Preziosi TJ et al.: Reliability, validity and clinical correlates of apathy in 

Parkinson’s disease. J. Neuropsychiatry 4, 134–139 (1992). 
61. Pluck GC, Brown RG: Apathy in Parkinson’s disease. J. Neurol. Neurosurg. Psychiatry 73, 636–642 (2002). 
62. Alves G, Wentzel-Larsen T, Larsen JP: Is fatigue an independent and persistent symptom in patients with 

Parkinson disease? Neurology 10, 1908–1911 (2004). 
63. Brown RG, Pluck G: Negative symptoms: the ‘pathology’ of motivation and goaldirected behaviour. Trends 

Neurosci. 23(9), 412–417 (2000). 
64. Diederich NJ, Goetz CG, Stebbins GT:Repeated visual hallucinations in Parkinson’s disease as disturbed 

external/internal perceptions: focused review and a new integrative model. Mov. Disord. 20,130–140 
(2005). 

65. Fenelon G, Mahieux F, Huon R et al.: Hallucinations in Parkinson’s disease. Prevalence, phenomenology 
and risk factors. Brain 123, 733–745 (2000). 

66. Kipps CM, Fung VSC, Grattan-Smith P, de Moore GM, Morris JGL: Movement disorder emergencies. Mov. 
Disord. 20, 322–334 (2005). 

67. Onofrj M, Thomas A, D'Andreamatteo G et al.: Incidence of RBD and hallucination in patients affected by 
Parkinson’s disease: 8-year follow-up. Neurol. Sci. 23, S91–S94(2002). 

68. Moskovitz C, Moses H, Klawans HL: Levodopa-induced psychosis: a kindling phenomenon. Am. J. 
Psychiatry. 135,669–675 (1978). 

69. Goldman JG, Goetz CG, Berry-Kravis E, Leurgans S, Zhou L: Genetic polymorphisms in Parkinson disease 
subjects with and without hallucinations: an analysis of the cholecystokinin system. Arch. Neurol 61(8), 
1280–1284 (2004). 

70. Reuter J, Raedler T, Rose M et al.:Pathological gambling is linked to reduced activation in the mesolimbic 
reward system. Nature Neurosci. 8(2), 147–148 (2005). 

71. Pezzella FR, Colosimo C, Vanacore N et al.: Prevalence and clinical features of hedonistic homeostatic 
dysregulation in Parkinson’s disease. Mov. Disord. 20(1), 77–81 (2005). 

72. Emre M: Dementia associated with Parkinson’s disease. Lancet Neurol. 2(4), 229–237 (2003  



73. Aarsland D, Andersen K, Larsen JP et al.: The rate of cognitive decline in Parkinson disease. Arch. 
Neurol.2004: 61(12), 1906–1911 . 

74. Apaydin H, Ahlskog E, Parisi JE, Boeve BF, Dickson DW: Parkinson disease neuropathology: late-
developing dementia and loss of the levodopa response. Arch. Neurol. 59, 102–112 (2002). 

75. Mattila PM, Rinne JO, Helenius H, Dickson DW, Röyttä M: α-synucleinimmunoreactive cortical Lewy 
bodies are associated with cognitive impairment in Parkinson’s disease. Acta Neuropathol. 100, 285–290 
(2000). 

76. Hurtig HI, Trojanowski JQ, Galvin J et al.: α-synuclein cortical Lewy bodies correlate with dementia in 
Parkinson’s disease.Neurology 54, 1916–1921 (2000). 

77. Laakso MP, Partanen K, Riekkinen P et al.: Hippocampal volumes in Alzheimer’s disease, Parkinson’s 
disease with or without dementia: an MRI study. Neurology 46, 678–681 (1996). 

78. Chaudhuri KR: Nocturnal symptom complex in PD and its management. Neurology 61(3), S17–S23 (2003). 
79. Lees AJ, Blackburn NA, Campbell VL: The nighttime problems of Parkinson’s disease. Clin. 

Neuropharmacol. 11, 512–519 (1988). 
80. Garcia-Borreguero D, Larosa O, Bravo M: Parkinson’s disease and sleep. Sleep Med. Rev.7, 115–129 

(2003). 
81. Rye DB, Jankovic J: Emerging views of dopamine in modulating sleep/wake state from an unlikely source: 

PD. Neurology. 58, 341–346 (2002). 
82. Lai YY, Siegel JM: Muscle tone suppression and stepping produced by stimulation of midbrain and rostral 

pontine reticular formation. J. Neurosci. 10(8), 2727–2734 (1990). 
83. Shouse MN, Siegel JM: Pontine regulation of REM sleep components in cats: integrity of the 

pedunculopontine tegmentum (PPT) is important for phasic events but unnecessary for atonia during REM 
sleep.Brain Res. 571, 50–63 (1992). 

84. Dhawan V, Healy DG, Pal S, Chaudhuri KR: Sleep-related problems of Parkinson’s disease. Age Ageing 35, 
220–228(2006). 

85. Arnulf I, Konofal E, Merino-Andreu M et al.: Parkinson’s disease and sleepiness – an integral part of PD. 
Neurology 58,1019–1024 (2002). 

86. Abbott RD, Ross GW, White LR et al.: Excessive daytime sleepiness and the future risk of Parkinson’s 
disease. Mov. Disord. 20(Suppl. 10), S101 (P341) (2005). 

87. MacMahon D: Why excessive daytime sleepiness is an important issue in Non-motor symptoms in 
Parkinson’s disease: an underdiagnosed problem. Adv. Clin. Neurol. Rehab.5(2), 46–49 (2005). 

88. Saper C, Chou TC, Scammell TE: The sleep switch: hypothalamic control of sleep and wakefulness. Trends 
Neurosci. 24, 726–731 (2001). 

89. Crocker A, Espana A, Papadopoulou BS et al.: Concommitant loss of dynorphin, NARP and orexin in 
narcolepsy. Neurology 65(8), 1184–1188 (2005). 

90. Chaudhuri KR: Autonomic dysfunction in movement disorders. Curr. Opin. Neurol.14, 505–511 (2001). 
91. Benarroch EE: Central neurotransmitters and neuromodulators in cardiovascular regulation. In: Autonomic 

failure, 4th Edition. Mathias CJ, Bannister R (Eds). Oxford University Press, Oxford, UK,37–44 (1999). 
92. Magerkurth C, Schnitzer R, Braune S: Symptoms of autonomic failure in Parkinson’s disease: prevalence 

and impact on daily life. Clin. Auton. Res. 15, 76–82 (2005). 
93. Goldstein DS, Holmes C, Li ST, Bruce S, Metman LV, Cannonn RO 3rd: Cardiac sympathetic denervation 

in Parkinson’s disease. Ann. Int. Med. 133(5), 338–347 (2000). 
94. Braune S, Reinhardt M, Schnitzer R, Riedel A, Lücking CH: Cardiac uptake of [123I] MIBG separates 

Parkinson’s disease from multiple systems atrophy. Neurology 53, 1020–1025 (1999). 
95. Winge K, Fowler CJ: Bladder dysfunction in Parkinsonism: mechanisms, prevalence, symptoms, and 

management. Mov. Disord. 21(6), 737–745 (2006). 
96. Herlofson K, Larsen JP: The influence of fatigue on health related quality of life in patients with Parkinson’s 

disease. Acta Neurol. Scand. 107(1), 1–6 (2003). 
97. Karlsen K, Larsen JP, Tandberg E, Jorgensen K: Fatigue in patients with Parkinson’s disease. Mov. Disord. 

14, 237–241 (1999). 
98. Alves G, Wentzel-Larsen T, Larsen JP: Is fatigue an independent and persistent symptom in patients with 

Parkinson’s disease? Neurology 63, 1908–1911 (2004). 
99. Brown RG, Jahanshahi M, Quinn N, Marsden CD: Sexual function in patients with Parkinson’s disease and 

their partners.J. Neurol. Neurosurg. Psychiatry 53, 480–486 (1990). 
100. Okun M, Walter BL, McDonald WM et al.: Beneficial effects of testosterone replacement for the non 

motor symptoms of Parkinson’s disease. Arch. Neurol. 59(11), 1750–1753 (2002). 
101. Tyvaert L, Devos D, Rigot JM, Blond S,Reyns N, Destee A: Sexual dysfunction and sub-thalamic 

stimulation in Parkinson’s disease. Parkinsonism Relat. Disord. 11(2), 116 (2005). 
102. Scherder E: Pain in Parkinson’s disease. Parkinson’s disease-related cognitive dysfunction. Parkinsonism 

Relat. Disord.12(1), 2 (2006). 



103. Waseem S, Gwinn-Hardy K: Pain in Parkinson’s disease. Common yet seldom recognized symptom is 
treatable. Postgrad. Med. 110(6), 33–40 (2001). 

104. Goetz CG, Tanner CM, Levy M et al.: Pain in Parkinson’s disease. Mov. Disord. 1(1),45–49 (1986). 
105. Quinn NP, Koller WC, Lang AE et al.: Painful Parkinson’s disease. Lancet 1(8494),1366–1369 (1996). 
106. Ford B, Louise P, Greene P et al.: Oral and genital pain syndromes in Parkinson’s disease. Mov. Disord. 

11(4), 421–426 (1996). 
107. Hillen ME, Sage JI: Non-motor fluctuations in patients with Parkinson disease. Neurology 47(5), 1180–

1183 (1996). 
108. Stacy M, Bowron A, Guttman M, Hauser R: Identification of motor and non-motorwearing – off in 

Parkinson’s disease: a comparison of patient questionnaire versus a clinician assessment. Mov. Disord. 
20(6), 726–733 (2005). 

109. Corrigan MH, Denahan AQ, Wright CE, Ragual RJ, Evans DL: Comparison of pramipexole, fluoxetine, 
and placebo in patients with major depression. Depress. Anxiety 11(2), 58–65 (2000). 

110. Byrne R, Chaudhuri KR: Depression a key non-motor symptom of Parkinson’s disease. Prog. Neurol. 
Psychiatry 10(5), 15–21 (2006). 

111. Rektorova I, Rektor I, Bares M et al.: Pramipexole and pergolide in the treatment of depression in 
Parkinson's disease: a national multicentre prospective randomized study. Eur. J. Neurol. 10(4), 399–406 
(2003). 

112. Singh A, Althoff R, Martineau RJ, Jacobson J: Pramipexole, ropinirole and mania in Parkinson’s disease. 
Am. J. Psychiatry 162(4), 814–815 (2005). 

113. Factor SA, Friedman JH, Lannon MC, Oakes D, Bourgeois K, Parkinson Study Group: Clozapine for 
treatment of druginduced psychosis in Parkinson’s disease: results of the 12-week open label extension in 
the PSYCLOPS trial. Mov. Disord. 16, 135–139 (2001). 

114. Ondo WG, Tintner R, Vuong Dat K, Lai D, Ringholz G: Double blind placebo controlled unforced titration 
parallel trial of quetiapine for dopaminergic-induced hallucinations in Parkinson’s disease. Mov. Disord. 
20, 958–963 (2005). 

115. Seemau P: Atypical antipsychotics mechanism of action. Can. J. Psychiatry 47, 27–38 (2002). 
116. Factor SA, Brown D: Clozapine prevents recurrence of psychosis in Parkinson’s disease. Mov. Disord. 

7(2), 125–1231 (1992). 
117. Emre M, Aarsland D, Albanese A et al.: Rivastigmine for dementia associated with Parkinson’s disease. N. 

Eng. J. Med. 351, 2509–2518 (2004). 
118. Ravina B, Putt M, Siderowf A, Farrar JT et al.: Donezepil for dementia in Parkinson’s disease: a 

randomised double blind, placebo controlled, crossover study. J. Neurol. Neurosurg. Psychiatry 76(7), 
934–939 (2005). 

119. Adler CH, Caviness JN, Hentz JG et al.: Randomised trial of modafinil for treating subjective daytime 
sleepiness in patients with Parkinson’s disease. Mov. Disord. 18, 287–293 (2003). 

120. Hogl B, Saletu B, Brandauer E et al.: Modafinil for the treatment of daytime sleepiness in Parkinson’s 
disease: a double blind, randomised, crossover, placebo controlled, polygraphic trial. Sleep 25(8), 905–909 
(2002). 

121. Ondo WG, Fayle R, Atassi F, Jankovic J: Modafinil for daytime somnolence in Parkinson’s disease: double 
blind, placebo controlled parallel trial. J. Neurol. Neurosurg. Psychiatry 76(12), 1636–1639 (2005). 

122. Lagalla G, Millevolte M, Capecci M, Provinciali L, Ceravolo MG: Botulinum toxin type A for drooling in 
Parkinson’s disease: a double blind, randomized,placebo-controlled study. Mov. Disord. 21,704–707 
(2006). 

123. Raffaele R, Vecchio I, Giammuso B et al.: Efficacy and safety of fixed dose oral sildenafil in the treatment 
of sexual dysfunction in depressed patients with idiopathic Parkinson’s disease. Eur. Urol 41(4), 382–386 
(2002). 

124. Eichhorn TE, Oertel WH: Macrogol 3350/electrolyte improves constipation in Parkinson’s disease and 
multiple system atrophy. Mov. Disord. 16, 1176–1177 (2001). 

125. Parsons TD, Rogers SA, Braaten AJ, Woods SP, Troster AI: Cognitive sequelae of subthalamic nucleus 
deep brain stimulation in Parkinson’s disease: a meta-analysis. Lancet Neurol. 5, 578–588 (2006). 

126. Kalteis K, Standhartdt H, Kryspin-Exner I, Brucke T, Volt D, Ales F: Influence of bilateral Stn-stimulation 
on psychiatric symptoms and psychosocial functioning in patients with Parkinson’s disease. J. Neural 
Transm. 113(9), 1191–1206 (2005). 

127. Castelli L, Perozzo P, Zibetti M et al.: Chronic deep brain stimulation of the subthalamic nucleus for 
Parkinson’s disease:effects on cognition , mood, anxiety and personality traits. Eur. Neurol. 55(3),136–
144 (2006). 

128. Wermuth L, Sorensen PS, Timm S et al.: Depression in idiopathic Parkinson’s disease treated with 
citalopram; a placebo controlled trial. Nord. J. Psychiatry 52, 163–169 (1998). 



129. Leentjens AF, Vreeling FW, Luijckx GJ et al.: SSRIs in the treatment of depression in Parkinson’s disease. 
Int. J. Geriatr. Psychiatry 18, 552–554 (2003). 

130. Barone P, Scarzella L, Marconi R et al.: Pramipexole versus sertaline in the treatment of depression in 
Parkinson disease: a national multicentre parallel group randomized study. J. Neurol. 253(5), 601–607 
(2006). 

131. Fregni F, Santos CM, Myczkowski ML et al.: Repetitive transcranial magnetic stimulation is as effective as 
fluoxetine in the treatment of depression in patients with Parkinson’s disease. J. Neurol. Neurosurg. 
Psychiatry 75(8), 1171–1174 (2004). 

132. Ondo WG, Tintner R, Vuong Dat K, Lai D, Ringholz G: Double blind placebo controlled unforced titration 
parallel trial of quetiapine for dopaminergic-induced hallucinations in Parkinson’s disease. Mov. Disord. 
20, 958–963 (2005). 

133. The Parkinson Study Group: Low-dose clozapine for the treatment of drug-induced psychosis in 
Parkinson’s disease. N. Engl. J. Med. 340, 757–763 (1999). 

134. Goetz CG, Blasucci LM, LeyrgansS, Pappert EJ: Olanzapine and clozapine: comparative effects on motor 
function in hallucinating PD patients. Neurology 55, 789–794 (2000). 

135. Hjort N, Ostergaard K, Dupont E: Improvement of sleep quality in patients with advanced Parkinson’s 
disease treated with deep brain stimulation of the subthalamic nucleus. Mov. Disord. 19, 196–199 (2004). 

136. Ross W, Petrovitch H, Abbott RD, Tanner CM, Popper P, Masaki K: Association of olfactory dysfunction 
with risk of future Parkinson’s disease. Mov. Disord. 20(10), P439 (2005) (Abstract).  

137. K Ray Chaudhuri, C Prieto-Jurcynska, Y Naidu, T Mitra, B Frades- Payo, S Tluk, A Ruessmann, P Odin, 
G Macphee, F Stocchi, W Ondo, K Sethi, AHV Schapira, P Martinez- Martin. The non declaration of non 
motor symptoms of Parkinson’s disease to health care professionals: an international study using the non 
motor symptoms questionnaire. Mov Disorders. In Press. 

138. Chauhduri KR, Martinez-Martin P. Quantitation of non motor symptoms of PD. Eur J Neurol 2008; 15 
(suppl 2):1-7.  

139. Pablo Martinez-Martin, Carmen Rodriguez-Blazquez, Kazuo Abe, Kalyan B Bhattacharyya, Bastiaan R 
Bloem, Javier Carod-Artal, Rianne AJ Esselink, Cristian Falup-Pecurariu, Marisol Gallardo, Pablo Mir, 
Yogini Naidu, Alessandra Nicoletti, Rajan Prakash, Kapil Sethi, Yoshio Tsuboi, Jacobus J van Hilten, 
Martine Visser, Mario Zappia, and K Ray Chaudhuri.  International Study on the Psychometric attributes 
of the Non-Motor Symptoms Scale in Parkinson’s Disease. Neurology. 2009;73:1584-1591. 

 


