
NMS Phenomenology
PD is more than just a motor

disorder
Parkinson’s disease (PD), one of the most frequent
neurodegenerative disorders, is no longer considered a
complex motor disorder characterized by extrapyramidal
symptoms, but a progressive multisystem or—more
correctly—multiorgan disease with variegated neurological
and nonmotor deficiencies.

K Jellinger . Mov Disord 2012
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Non-motor symptoms of PD cause morbidity, mortality and
quadruples cost of care of advanced Parkinson’s and are

common across all stages of PD

Non-motor
symptoms

Neuropsychiatric
disorders

e.g. psychosis, depression,
anxiety, apathy and dementiaAutonomic

dysfunction

Gastrointestinal
disorders

Fatigue, Sexual
dysfunction

Urinary
disorders

Sleep
disorders

Sensory disorders
pain, RLS, olfaction

vision

Chaudhuri et al. Lancet Neurology 2006;5:235-
245
Chaudhuri, Tolosa, Schapira, Poewe. NMS in PD.
Oxford University Press. 2010

Drug induced
e. g. Hallucinations, ICD

DAWS, Hyper and hypo DA
states
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A description of the range of Non-motor symptoms in PD
Sauerbier and Chaudhuri. BJHM 2013 In Press

Cognitive and Neuropsychiatric symptoms Related to PD
Pathophysiology

Related to drug
therapy

Contribution
from both

Cognitive impairment (ranging from mild cognitive
impairment to frank Dementia) ++ - -

Anxiety +/- ++ +
Major Depression ++ +/- +/-
Apathy ++ - -
Delirium +/- ++ +/-
Hallucinations, delusions, illusions + ++ +
Panic attacks (could be “off” period related) + ++ +

Sleep disorders and dysfunctions
Excessive daytime somnolence, sudden onset of sleep
(narcolepsy without cataplexy) ++ ++ ++

Insomnia (onset and maintenance) ++ + +
Non-REM parasomnias (confusional wandering sleep
talking) ++ - -

REM sleep behavior disorder ++ - -
Restless legs syndrome + + +
Periodic leg movements + + +
Sleep disordered breathing ++ - -

++ = strong contribuition, - = no contribution likely, ± = uncertain contribution
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A description of the range of Non-motor symptoms in PD
Autonomic Dysfunction
Bladder urgency, frequency, nocturia ++ +/- +/-
Orthostatic hypotension ++ + ++
Post-prandial hypotension ++ +/- +/-
Sexual dysfunction ++ (?Ç) ++(?Ç) ++
Erectile dysfunction + - -
Thermoregulatory abnormalities (Hyperhidrosis) ++ + +
Gastrointestinal symptoms
Dribbling of saliva ++ +/- +/-
Dysphagia ++ +/- +/-
Ageusia (change in taste sensation) ++ +/- +/-
Constipation ++ +/- +/-
Fecal incontinence ++ +/- +/-
Nausea +/- ++ +/-
Reflux +/- ++ +/-
Vomiting +/- ++ +/-
Other NMS
Central fatigue ++ +/- +/-
Functional anosmia/ Hypoamia ++ - -
Pain (off period related and central) NMF
Visual disturbances (blurred vision, transient
diplopia), impaired contrast-sensitivity (colour vision) ++ +/- +/-

Weight gain (could be related to impulse control
disorders) ++ + +

Weight loss ++ +/- +/-
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A description of the range of Non-motor symptoms in PD

Dopaminergic drug-induced behavioural NMS

Dopamine dysregulation syndrome ( usually linked to levodopa intake associated with obsessional "pill
popping")

Impulse control disorders (e.g. compulsive gambling, hypersexuality, binge eating)

Hallucinations, delusions, psychosis

Dopaminergic drug-induced “other” NMS

Ankle swelling

Dopamine agonist withdrawal syndrome (DAWS)

NMS linked to acute parkinsonian emergencies such as Parkinson hyperprexia syndrome

Non-motor fluctuations occurring as a complication of dopaminergic drug therapy

Cognitive/Psychiatric (Depression, Anxiety, Anxious-depressed)

Dysautonomic

Sensory/Pain

Visual blurring
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Non Motor Fluctuation in PD
Storch et al Neurology 2013

• NM symptoms shown to be worse during off periods:
• Fatigue (p=0.001)
• Depression (p=0.001)
• Anxiety (p=0.001)
• Inner restlessness (p=0.002)
• Concentration/attention (p=0.001)
• NM symptoms declared only/exclusively during off periods:
• Fatigue
• Depression
• Anxiety
• Lack of concentration
• Inner restlessness

• Anxiety, depression, fatigue and pain had a negative impact on health related quality of life
(Storch et al,2013).
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NMS in PD

Why ?
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Non Motor

Motor
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PrePhysiological
Genetics

• Preclínical:
neuroimáging

• Premotor:
Prediagnóstic:
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NMS cited Relevant findings reported

Commonly associated

Late onset hyposmia
Hyposmia + abnormal DATscan may suggest 50%
develop motor PD in 4 years (Siderowf et al, 2012)

Rapid eye movement sleep behavior disorder
17.7% at 5 years, 40.6%at10 years, 52.4%12years,

Risk higher if coupled with abnormal DATscan
(Postuma et al, 2009)

Constipation
18,9/ 10.000 person years in men <1 bowel movements/

day (Abbott et al, 2001)

Depression Increased risk of developing PD(Nilsson et al, 2001)

Association described

Excessive daytime sleepiness
3 times excess in the risk of PD in men with EDS versus
men without EDS 55.3 versus 17.0/10,000 person-years

(Abbott et al, 2005 )

Erectile dysfunction 3.8 times more likely to develop PD (Gao et al, 2007)

Pain (unilateral and usually in affected limb) Retrospective studies (Negre-Pages et al, 2008)

Fatigue

Retrospective studies:
-study 1: Fatigue in 48%

-study 2: Fatigue in 43% (15% worst symptom, 50%
premotor)(van Hilten et al, 1993)

Visual impairment (Contrast sensitivity, Color
vision etc.)

Case studies (Diederich et al, 2010)

Pre morbid personality traits Retrospective studies (Todes et al, 1985)

Sauerbier and Chaudhuri. BJHM 2013. In Press; Lang 2012; Korczyn and Gurevitch, 2010;
Tolosa and Pont-Sunyer 2011; Chaudhuri et al. 2011
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NMS

Epidemiology

http://www.go2pdf.com


PDNMG
International
2007

PDNMG
International
2010

PRIAMO
Italian
2009
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Frequency of NMS increased along with the disease severity

The Priamo Study: A Multicenter Assessment of Nonmotor Symptoms and
Their Impact on Quality of Life in Parkinson’s Disease

P. Barone et al.

Mov Disord 2009; 24: 1641-1649
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Fig : 4A . A NMSQuest completed by a drug naive PD patient
at first consultation. HY stage 1 and NMSQ score is 5/30.

Fig : 4B . A NMSQuest completed by a drug naive PD patient
at first consultation. HY stage 1 and NMSQ score is 19/30.
Park sleep + Park autonomic
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NMSQ study
2006

n = 123

NMSQ
2007

n = 545

PRIAMO
study
2009

n = 1072

NMSQ
2010

n = 242

Dutch study
NMSQ

2012
n = 215

NMSQ
2012

n = 200

Icicle PD
study

NMSQ
N=159
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Sleep
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Fatigue 31.1 58.1 35
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Neurology In Press
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NMS

A range of NMS are prevalent in untreated
or early PD

An average patients would exhibit 8-12
different NMS
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Listing of NMSQ in official and UK related agencies
Parkinson´s UK: NMSQuest: http://www.parkinsons.org.uk/PDF/nms_questionnaire.pdf and

http://www.parkinsons.org.uk/default.aspx?page=12523
The Professional´s Guide to Parkinson´s Disease (pp 3,22,26.60)
http://www.parkinsons.org.uk/pdf/B126_Professionalsguide.pdf

European Parkinson´s Disease Association. Life with Parkinson´s:
http://www.epda.eu.com/en/parkinsons/life-with-parkinsons/part-2/introduction/

The Movement Disorders Society: www.movementdisorders.org/publications/rating_scales/

Map of Medicine for PD:
http://healthguides.mapofmedicine.com/choices/pdf/parkinson_s_disease1.pdf

Elective Care Commissioning Pathway - Parkinson´s Disease 2008:
http://webarchive.nationalarchives.gov.uk/20130107105354/http:www.dh.gov.uk/prod_consum_d

h/groups/dh_digitalassets/@dh/@en/@ps/documents/digitalasset/dg_122474.pdf
DoH`s Best Practice Tariff http://www.ncsupport.org.uk/parkinsons-best-practice-tariff-

announced/
American Academy of Neurology.

Http://journals.lww.com/neurotodayonline/Fulltext/2010/04010/New_Parameter_for_Nonmotor_P
d_Symptoms.2.aspx

National Institue of Neurological Disorders and Stroke Parkinson´s Disease CDE Working
Group: http://www.commondataelements.ninds.nih.gov/PD.aspx#tab=Data_Standards

Parkinson Society Canada, Physician Guide Non-motor symptoms of Parkinson´s Disease (pp
3,41,42): http://www.parkinsonclinicalguidelines.ca/sites/defaults/files/PhysicianGuide_Non-

motor_EN.pdf

Sauerbier and Chaudhuri. BJHM 2013 In Press

http://www.parkinsons.org.uk/PDF/nms_questionnaire.pdf
http://www.parkinsons.org.uk/default.aspx?page=12523
http://www.parkinsons.org.uk/pdf/B126_Professionalsguide.pdf
http://www.epda.eu.com/en/parkinsons/life-with-parkinsons/part-2/introduction/
http://www.movementdisorders.org/publications/rating_scales/
http://healthguides.mapofmedicine.com/choices/pdf/parkinson_s_disease1.pdf
http://webarchive.nationalarchives.gov.uk/20130107105354/http:www.dh.gov.uk/prod_consum_d
http://www.ncsupport.org.uk/parkinsons-best-practice-tariff-
http://www.commondataelements.ninds.nih.gov/PD.aspx#tab=Data_Standards
http://www.parkinsonclinicalguidelines.ca/sites/defaults/files/PhysicianGuide_Non-
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Motor vs Non Motor Parkinson’s
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Motor Endophenotypes

TD
AKD
PIGD
Mixed
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All motor and no non motor !!!
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Brainstem NMS endophenotype

Limbic NM endophenotype

Cortical NM endophenotype
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NM Endophenotypes/Subtypes
Chaudhuri et al. PLOS One. 2013

Chaudhuri et al. MDS Sydney 2013

• Park Cognitive
• Park Depression/Anxiety
• Park Sleep
• Park Pain
• Park Fatigue
• Park Autonomic
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Hoehn and
Yahr Stages

Non-Motor burden levels

Total0 1 2 3 4

1 3 45 48 19 9 124

2 2 104 144 77 77 404

3 0 34 77 75 94 280

4 0 6 17 24 59 106

5 0 0 1 1 17 19

Total 5 189 287 196 256 933*
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NMS

Biomarkers ??
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Biochemical/histopathology markers:

Rectal/Colonic biopsy Phosphorylated ?/-SNC positive Lewy neurites;
?ø-SNC positive nerve fibres

Skin biopsy ?�-SNC accumulation

Gastric biopsy Phosphorylated ?ú-SNC positive Lewy neurites

Salivary glands ?Ñ-SNC accumulation

Low Uric acid

Low LDL

Genetic Markers:

LRRK2

GBA

Imaging Markers:

Transcranial USS

DAT Scan

The above two can be used in conjunction with clinical symptoms such as hyposmia or RBD.

Chaudhuri, Todorova, Jenner. Pract Neurol. In Press.
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PD Controls

• 10 untreated Parkinson patients ; all positive for Alpha-Synuclein

• Sigmoidoscopie and Bx: alpha-Synuclein and 3-Nitro-Tyrosin (marker
for mitochondrial stress)

Mov Disord 2012: 27:709-715

GI-Tract: Entry Zone and/or Window
-Pathological View-

Courtesy D Woitalla
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NMS

Endophenotype specific markers ?
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Patients and PET protocol

• Scans:
18F-dopa (monoamine storage

capacity)

AND

11C-DASB (SERT marker)
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11C-DASB binding in PD

PD with fatigue

PFS-16 = 15

Healthy
volunteer

R

PD without fatigue

PFS-16 = 2

0 9
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Sleep regulatory centres dysfunction
in Parkinson’s disease patients
with excessive daytime sleepiness.
An in vivo PET study
Nicola Pavese1, Vinod Metta2, Benjamin S Simpson1, Tytus A Murphy1,
A Ramlackhansingh1, K Ray Chaudhuri2, and David J Brooks1

1 Centre for Neuroscience, Faculty of Medicine, Hammersmith Hospital, Imperial College, London, UK;
2 Kings College and Lewisham Hospitals, Kings College, London, UK
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11C-DASB – Rostral Raphe

Control PD without excessive
daytime somnolence

ESS < 10

PD with excessive
daytime somnolence

ESS >10

0 9
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Subtype/ Phenotype Possible biomarkers

Park Cognitive

Clinical:
Akinesia dominant phenotype
Imaging:
fMRI/VBM: Cortical thinning
PET:
Genetic:
MAPT H1/H1 genotype
GBA: Carrier
G2019S LRRK2 Carrier

Park Depression/ Anxiety

Imaging:
PET: ?ô 11C-RTI-32 : LC/Amygdala

?ë 18[F]MPPF binding (5HT1A): Striatal
?â F-Dopa

SPECT: ?ÙDAT – striatum, thalamus, midbrain
Genetic:
G2019S LRRK2 Carrier

Park Sleep

Imaging:
11C-DASB PET: ?ó 11C-RTI-32

?á dorsal and ventral raphe 5HT
DTI: ?Ï &?Ï?Ï?Ï?Ï?Ï?Ï?Ï?Ï ?Ï?Ï?Ï?Ï?Ï?Ï?Ï?Ï?Ï?Ï – PAG/ viPAG

?½18 F-Dopa – striatum, midbrain
Neuropathology/Biochemical:
?2 d?2?2?2?2?2?2?2 , ?2?2?2?2?2?2?2?2 ?2?2?2?2?2?2?2
?� s?�?�?�?�?�?�?�?�?�?� , ?�?�?�?�?�?�?� ?� ?�?�?�?�?�?�

Park Fatique
Imaging:
11C-DASB PET:: ?™limbic 5HT
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NMS

HrQol and progression
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N=1072; score range between 0 (best health state) and 100 (worst health state)

Patients who have NMS have worse quality
of life (PDQ-39 scores) than those without

Adapted from:
Antonini A et al.. Neurol Sci 2008;29(2):61-65. Barone P et al.. Mov Disorders 2009;15;24(11):1641-9.

Patients with NMS symptoms
Patients without NMS symptoms
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Hely et al.

Drug induced dyskinesia and end of dose failure were experienced by most
patients, but the main current problems relate to the non-levodopa responsive
features of the disease. Dementia is present in 83% of 20-year survivors.

Excessive daytime sleepiness is noted in 70%, falls have occurred in 87%, ...
symptomatic postural hypotension in 48%, urinary incontinence in 71%,
moderate dysarthria in 81%, choking in 48%, and hallucinations in 74%.

The challenge is to understand the cellular mechanisms underlying the diverse
features of advanced PD that go far beyond a lack of dopamine.
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Antonini et al. Two-year clinical follow-up of a cohort with Parkinson’s disease and other parkinsonisms: the PRIAMO study. Mov
Disord 24, Suppl 1, 434) ; J Neurol 2012

N=134

N=176

N=163

N=199

N=202

N=177

N=207

N=173

N=113

N=103

N=213

Progression of non-motor disability over 24
months in PD varies by domain
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52

Progression of PD and Symptoms
Coelho, M. & Ferreira, J. J. Nat. Rev. Neurol. 8, 435–442 (2012)
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NMS

Treatment
Remains a key UNMET need
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Table 4. Non Motor PD subtyping by staging

Staging by NMSQuest (can be performed by HCP based on patient responses using
NMSQ) Chaudhuri et al. 2009

Stage 1 NMSQ – 0-5

Stage 2 NMSQ – 6-12

Stage 3 NMSQ – 13-20

Stage 4 NMSQ – 21-30

Staging by NMSS (to be used for clinical and research based studies) (PLOS ONE)
Chaudhuri et al 2013
Stage 1 NMSS – 1-20

Stage 2 NMSS – 21-40

Stage 3 NMSS – 41-70

Stage 4 NMSS - ?ž71
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Clinical Consultation:

Patient and carer complete
NMSQuest in the waiting area

Self reported
30 NMS in the
last month

Modify therapy addressing
reported NMS

Ask patient to classify the top 4 NMS
causing poor quality of life

Those in NMSQuest stage3/4 seek hospital
specialist referral and screen using other
scales such as PDSS, HADS

Grade NMSQuest scores

NMSQuest 0-5: stage 1 no
significant burden of NMS

NMSQuest 6-12: stage 2
mild

NMSQuest 13-20: stage 3
moderate

NMSQuest >20: stage 4

severe

Sauerbier and Chaudhuri . 2013. BJHM In Press
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Motor Parkinson’s

HY UPDRS

Non Motor Symptoms

Cognitive

Sleep

ICD/ DAWS

Others, GIT,
Urinary

General Morbidity

Hypertension

CVD Peptic Ulcer Disease

DM

The Multi-Morbid PD

Sensory
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Thank you for your attention!
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