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Parkinson’s Disease: The Quintessential Neuropsychiatric Disorder
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Prevalence and Correlates of Neuropsychiatric Symptoms 1n
Parkinson’s Disease Without Dementia
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Depressionn PD
Unmetneeds

Depressionsthe factor mostsignificantlyassociatedvith QoL andis

an important contributor to caregiverdistress (Hobsonet al., 1999
Schraget al, 2000

In generalpractice registries 64% of PD patients reported clinically
significantdepressionon GDSscalebut only 7% were treated with
ADs(Mearaet al., Age Ageing 199928:38)

In a movementdisorderclinic,34%of patientsmet diagnosticcriteria

for depressive disorder but 65% were not treated with ADs
(Weintraub, JGeriatrPsychiNeurol 200316:178-83)

Over1000PDpatientsin 6 countries 50% had significantdepression
as measuredby BDI, however only 1% of patients had revealed
depressivesymptomsto the cliniciangGPDSMov Disord 200217:60-67)



Antidepressant Studies in Parkinson’s Disease:
A Review and Meta-Analysis

Daniel Weintraub, MD,1_4* Knashawn H. Morales, ScD.” Paul J. Moberg, PhD,'-
Warren B. Bilker, PhD,” Catherine Balderston, MS.' John E. Duda, MD.>* Ira R. Katz, MD, PhD,'*
and Matthew B. Stern, MD**

Inclusioncriteria: Antidepressant Only11/27 studiessuitablefor
treatment in PDreportingoutcome meta-analysis
measure

Only2 studieswith DoubleBlind

27 studiesfrom 1965to 2003; total :
versus placebo design

patient population=772ubjects

16/27 were specificallydesignedor
depressionn PD

Despite the high prevalence of depression and antidepressant
use in PD, controlled treatment research has been almost non-
existent. Meta-analysis results sugeest a large but nonspecific
effect for depression treatment in PD. In addition, PD patients
may benefit less from antidepressant treatment, particularly
selective serotonin reuptake inhibitors, than do elderly patients
without PD. © 2005 Movement Disorder Society










Depression: NICE criteria

Depressive syndrome

e ——

AFFECTIVE COGNITIVE PHYSICAL BEHAVIORAL
domain domain domain domain

Low mood

Slowness of thinking Anhedonia

Pessimism Weight change

Attention , memory Slowness

Desperation )
P reduction

Insomnia

Hypomimia

Guilty feeling Loss of libido

Irritability

Guilty ideas

Suicide ideation

Somatic symptoms

Anxiety

Self reproching Aches and pain

Modifiedrom NICENationalnstituteof ClinicalExcellence



DEPRESSION GALAXY

Suicidal :
ideation Brooding
o Fatigué
fea?ur'zs Tiredness Sleep
\ changes

e

Motor
slowness

Anorexia/

Anhedonia bulimia

Hypochondria

Aches and
Pains

Loss of libido
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Risk of Parkinson disease after depression

A natonwide population-based study

Including all patients diagnosed with PD in the study period
Sex (male = 1, female = 0)
Age
Depression (1 = depression, 0 = control)
Excluding patients diagnosed with PD in the first 2 y after enrollment
Sex (male = 1, female = 0)
Age
Depression (1 = depression, 0 = control)
Excluding patients diagnosed with PD in the first 5 y after enrollment
Sex (male = 1, female = 0)

Age

3.24 (2.36-4.44, <0.0019)

Adjusted HR (95% CI, p value)

0.99 (0.72-1.35, 0.941)
1.09 (1.08-1.10, <0.0019

0.91 (0.66-1.26, 0.576)

1.09(1.08-1.10 <0.001°

3.10 (2.23-4.30, =0.0019)

Rischio di MP

1.05 (0.71-1.55, 0.794)

1.08 (1.07-1.10, <0.001°

Cumulative survival

e

Patients with depression

Log-rank p<0.001

Follow-up (years)

Periodo di followup

Depression (1 = depression, 0 = control)

2.84 (1.89-4.27, =0.0019)

—

4,636 p. con depressione—> Malattia diPakinsonl,42% (p< 0,001)
18,544 controlli

Ri schi o di MP aun
diagnosi di depressione HR=3.24

I'eta e piu alta nei pazienti con depressiong e

_éDIR rtisaettoga'h_pgz,iﬁrat_i(gep@i—ﬂonfla; a
Depressione difficile da trattare € un fattore
rischio per MP indipendente

ChengCheShen Neurology2013
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Prediagnostic presentations of Parkinson’s disease in
primary care: a case-control study

Anette Schrag, Laura Horsfall, Kate Walters, Alastair Noyce, Irene Petersen

Within 0 to <2 years

=2 years to <5 years

ZS PR Dy Lancet Newrod 2014; 14: 57-64

Parkinson's disease  Controls

Parkinson's disease  Controls

Parkinson's disease  Controls

Years before index date

(n=7232) (n=40541) (n=4769) (n=25544) (n=1680) {n=8305)
Tremor 2946 (41%) 184 (<1%) 311 (7%) 118 (<1%) 29 (2%) 41 (<1%)
Constipation 2326 (32%) 7598 (19%) 1196 (25%) 3890 (15%) 335 (20%) 1202 (14%) 8166 p[:p atients
761 (11%) 2129 (5%) 430 (9%) 1472 (6%) 180 (11%) 618 (7%) o
Dizziness 725 (10%) 2411 (6%) 486 (10%) 1629 (6%) 206 (12%) 723(9%) 45755 individuals
66 (10%) 1724 (4%) 312 (7%) 1035 (4%) 04 (6%) 409 (5%) without PD
528 (7%) 2263 (6%) 407 (9%) 1729 (7%) 175 (10%) 803 (10%)
Aniety 624 (9%) 1505 (4%) 333 (7%) 1039 (4%) 136 (8%) 504 (6%)
301 (4%) 1613 (4%) 224 (5%) 1301 (5%) 128 (8%) 667 (8%)
Urinary dysfunction 338 (5%) B15 (2%) 167 (4%) 459 (2%) 53 (3%) 170 (2%)
Erectile dysfunction 2934323 (7%) 143424076 (6%)  242(2885(8%)  1072/15330(7%)  116/1024 (11%) 416/5017 (8%)
Insomnia 314 (4%) 1286 (3%) 190 (4%) 850 (3%) 85 (5%) 386 (5%)
Balance impairments 300 (4%) 379 (1%) 78 (2%) 196 (1%) 21(1%) 62 (1%)
Hypotensicn 153 (29%) 346 (1%) 8o (2%) 204 (1%) 27 (2%) 61 (1%)
Memory problems 197 (3%) 520 (1%) 61 (1%) 187 (1%) B (=1%) 47 (1%)
Rigidity 201 (3%) 52 (<1%) 11 (=1%) 36 (=1%) 3 (=1%) 16 (<1%)
Shoulder pain or stiffness -B Parkinson's disease Depression Fatigue
707 - No Parkinson's disease & 180+ & Parkinson's disease 100+
60— f:-\ 160~ 4 No Parkinson's disease
50— _ {r”i %L o /} 80
/GRS Sn SENNN £ /-
207 = e i-'i“'* ’i__i_i - ii_%-}ii# & -
10 g 404 i iSRS 20 R e
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The Onset of Nonmotor Symptoms in Parkinson’s Disease
(The ONSET PD Study)

Timespans Before OMS®

Onset Before OMS n Mov Dis2014
NMS (% of All PD Subjects) <2 Years n (%) 2 to 10 Years n (%) =10 Years n (%)
Smell loss® 44 (88) 11 (25) 17(39) 16 (36)
33 (78) 7121 5(15) 21 (63)
32 (68) 9 (28) 12 (37.5) 11 (34.5) NON MOTOR SYMPTOMS
oTa 31 (81) 9 (29) 9 (29) 13 (57)
Dream-enacting behavior® 24 (77) 3 (12.5) 9 (37.5 12 (50) were assessedby a custom
Frequent nightmares® 21 (81) 3(13 4 (17) 14 (61) . . .
Excessive sweating 20 (67) 5 (25) 7 35) 8 (40) made questionnaire 109
: complains 19 (54) 11 (58) 8 (42) 0 (0) .
% 19 (49) 7 (36.5) 10 (52.5) 2 (10) neWIy dlagnosed untreated
abtentil] 18 (60) 14 (78) 1 (5.6) 3 (16.6) H
18 61 12 68) 316, 3 (1) PDpatientsand 107 controls
Apau 17 (50) 12 (71) 4 23) 1 (6)
Postprandial fullness 16 (64) 4 (25) 2 (12.5) 10 (62.5)
b 16 (52) 4 (25) 5(31) 7 (44)
13 (59) 4 (31) 6 (46) 3 (23
Taste 1053 11 (73) 0 10 (91) 1(9) PD Controls
Chest pain® 11 (100) 1(9) 5 (45.5) 5 (45.5) (n=109)  (n=107)
Significant NMS % % OR 95% CI
Taste loss 14 1 16.9 2.1-130
. . . . Dream-enacting behavior 28 3 13.77  4.06-46.71
A Anhedonig apathy, memory complaints and inattention Anhedonia 32 6 796  3.18-19.90
i : i Smell loss 46 1 6.7 3.3-136
occurredmore frequently during the 2-year premotor period Fatiue % o o4 oot
) ) ] Frequent nightmares 24 6 5.27 2.07-13.41
A Smellloss mood disturbances,taste loss, excessivesweating Unexplained pain 20 6 425  1.65-10.97
. . . Constipation 385 13 41 2.1-8.2
fatigue, and pain were more frequently reported in the 2- to Chest pain 10 3 389  1.0-14.36
10.year premotor period Mood disturbances 43 19 3.29 1.78-6.10
Apathy 3 12 3.27 1.61-6.51
Inattention 28 11 3 1.44-6.25
A Constipation dreamenacting behavior, excessive daytime Heat/cald intolerance 3 19 232 124435
. B Excessive daytime 28 15 2.26 1.15-4.43
sleepiness, and postprandial fullness were frequently sleepiness
i Postprandial fullness 23 12 21 1.0-45
perceivedmore than 10 yearsbefore motor symptoms Erconeivs et o b 201 10301

Memory complaints 32 20 1.93 1.03-3.61




Nonmotorfluctuationsin Parkinson

disease

Severity and correlation with motor complications

Alexanderstorch  ®  Fluttuazioni non motorie (NMS) presenti nel 100% dei pz con fluttuaziatorie,

Neurolog2013 t)tti i SNM sono peggiori nelle fasi OFF
e[l ANIYOBAGL RSA ba{ y2y O2NNBfl 02y fQ
»
in circa 2/3 depz B B Symptom in ON

@ Symptom in OFF

f Qryaal S 1
depressione erano

presenti solo in fase
off

Frequencies of symptoms (%)




Movement Disorders
Vol. 24, No. 11, 2009, pp. 1641-1649

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

Psychiatric Anhedonia 114 (10.6)
symptoms (10) Anxiety 598 (55.8)
Panic attacks 45 (4.2)
Aggressive behavior 38 (3.5)
Suicidal ideas 16 (1.5)
Nervousness 192 (17.9)
Frightened without reason 58 (5.4)
Sadness/depression 241 (22.5)
Delirium 17 (1.6)
Hallucinations 39 (3.6)

Barone et al,2009



Depressione/MP

Research Review

Provisional Diagnostic Criteria for Depression in Parkinson’s
Disease: Report of an NINDS/NIMH Work Group

Laura Marsh, MI,'* William M. McDonald, MD,* Jeffrey Commings, MD,* Bemnard Ravina, MD.,* and
the NINDS/NIMH Work Group on Depression and Parkinson’s [hsease

A La diagnosi dovrebbe essere fatta seguendo i criteri DSM
A La depressionesub-sindromica dovrebbe essere inclusa come

categoria diagnostica negli studi

A 1l momento della valutazione dovrebbe essereolf o off)

A Per i paziente con demenza dovrebbero essere interrogatiaregivers
AL anedoniadovrebbe essere considerata solo sulla base della perdits

piacere.

Mov Disord2006



Depressione/MP

| sintomi di depressione in MP sono divers
rispetto a quelli solitamente presenti nelle
depressione primaria: | pazienti con MP
hanno meno senso di colpa, meno biasim
ma maggiore irritabilita, tristezza che
correlano con |lo stato di salutaroll
suicidio.

Must be properly diagnosed and treated to avoid serious morbidity
BMJ VOLUME 320 13 MAY 2000



Depressione/MP

e Associata con aumento della disabilita

e Peggiora la qualita della vita

e Tende ad essersottodiagnosticata
sottotrattata

0 )
Solo 2926/0 del_p' con MP(Richard I[HNeurology 1997 Oct)

e depressmne Ficevono un (weintraubD. JGeriatrPsydNeurol2003)
trattamento



http://www.ncbi.nlm.nih.gov/pubmed?term=Richard IH[Author]&cauthor=true&cauthor_uid=9339713

Depressione/MP
Scale cliniche depressione in MP

MADRS
UPDRS —_+frequentementeutilizzate
HAM-D

BDI HI breve,
GDS — autosomministrata,

risposte si/no

Scala clinica Cut-off su%)erito nella MP
Hamilton Depression (HAMD) 9-10

Beck Depression Inventory (BDI) 13-14

Geriatric Depression Scale 30 (GDS 30) 9-10

Geriatric Depression Scale 15 (GDS 15) 4-5

Montgomery-Asberg Depression Rating Scale (MADRS) 14-15




DepressionPD

Prevalenceof DepressiveDisorder and
Depressivesymptomsin PD

TABLE 3. Prevalence (%) of major depressive disorder and
clinically relevant depressive symptoms in different settings

Major depressive Clinically relevant
disorder depressive symptoms
Number of Number of
Population studies  Prevalence  studies  Prevalence

General population 4 8.1 5 10.8

General practice 0 2 423

Outpatient setting 11 24.0 25 404

[npatient setting 1 21.7 3 543

Nursing home 0 | 32.7
Major depression 17% Clinically significant
Minor depression 22% depressivesymptoms 36.1%
Dysthymia: 13%

Reijnderset al., Mov Disord 2007



a59tw9{{Lhbeg 7}
what should we treat?

x Depressive Disorder ? x DSM-V criteria for
(Major, Minor, Dysthimia) < Diagnosis of depression

x Depressive Symptoms ? === X ScCreening for depressive
symptoms

22



Depressionn PD:not ONEdisease

Low mooee Anxiety




DEPRESSIONE E SEROTONINA

Pazienti con MP

Riduzione dei livelli di-BIT e dei trasportatori SERT a livello
striatale (soprattutto caudato)
(KishS. Brain 2008)

Ridotti trasportatori SERT nella regiooitofrontale, corteccia del cingolo,

insula, amlgdala € Ippocampo (GuttmanEur JNeurol2007)

(AlbinJ.Cereb BloodFlowMetab 2008)

Pazienti con MP e depressione

X Riduzione dei neurorserotoninergicnucleo dorsale del rafe
(Pauls JNeuropathol Exp Neurol 1991)

Ridottaecogenicitanel rafe mesencefalico alla sonogrdfianscranica

(Berg J.Neurol 1999)



Naturalhistory of degenerativeparkinsonism

Possiblecorrelation anatomo-clinic

Presumed neuropathological substrate Symptoms Braak
documentedinthe  stage
premotor phase
Loss of smell: impaired detection, Olfactory bulb, anterior olfactory nucleus, amygdala, ~ Hyposmia 1
identification, and discrimination of odours perirhinal cortex
Autonomic dysfunction: gastrointestinal disturbances Dorsal motor nucleus of the vagus nerve, Constipation, urinaryor ~ 2
(constipation), urinary dysfunction (urinary urgency), sexual  parasympathetic vagal output, enteric nervous erectile dysfunction
dysfunction (erectile dysfunction in men), orthostatic system, sympathetic ganglia, intermediolateral
hypotension column of the spinal cord
Sleep disturbances: REM sleep behaviour disorder, excessive  Subcoeruleus, pedunculopontine and magnocellularis  REM sleep behaviour 2,3
daytime sleepiness nuclei, amygdala disorder, excessive

daytime sleepiness
Affective-behavioural disorders: depression, anxiety, apathy ~ Coeruleus-subcoeruleus complex, raphe nudlei, Depression, anxiety 2,3

amygdala, mesocortical and mesolimbic
dopaminergic systems, cingulate cortex

SALAT D et aLancet Neurology 2016

Department of Clinical and Experimental Medicine, University of Pisa



Imaging
serotonin terminal function

Serotonin
transporter

11C-DDASB 3

1C-MADAM

123 -peta CIT
123 -FP-CIT

Serotonin




PET/SPECT ligands

11C-WAY 100635

“'C-DASB Serotonin HT,, receptor
Serotonin transporter

123-FP-CIT
Serotonin and Dopamine
transporter

11C-AZ10419369 18F-altanserin
Serotonin HT g receptor Serotonin HT,, receptor



Elevated Serotonin Transporter
Binding in Depressed Patients " | -
g : . . - ® Control  ©
with Parkinson’s Disease: ’6 — ‘
A Preliminary PET Study s :
with [''"CIDASB ' A =
% . —_—r s
Isabelle Boileau, PhD,]"< Jerry J. Warsh, I\/ID,2 & 0.4+ - E . v
Mark Guttman, MD,"3 Jean A. Saint-Cyr, PhD,l'4 %
Tina McCluskey, MSc,' Pablo Rusjan, PhD,” @ .
Sylvain Houle, MD.> Alan A. Wilson, PhD,> g 031 o
Jeffrey H. Meyer, MD, PhD,’ wn .
and Stephen J. Kish, PhD' %)
o 0.2
1.0 -
B] o QFC & Cingulate ® [nsula 0.1+
0.9 4| - - Linear (Cingutate) —Linear (OFC) .-+ Linear {insula) ®
0.8 | .
1:? 0.7 4 0 ' DLPFC PFC
m
o 061 _ _ :
8 05 wide-spreadncreasean [11C]DASB in
% 041 PD/depression
= 03-
02{ = 1. dorsolateral cortices
:;' Hamilton Depression Scale (21-item) 2. prefrontal cortices
10 12 " 16 18 20 2 24

[11C]DASB binding positively correlatedwith

depressiomut notwith diseaseseverityduration Movement Disorders, Vol. 23, No. 12, 2008



Role of Serotonergic 1A Receptor Dysfunction in Depression
Associated with Parkinson’s Disease

Orbitofrontal cortex A 8 nondepressed
PDpatients

A 4 depressedPD
patients

Insula

Loweruptake in depressed
vs nondepressedPD

T-score

Ballangeret al 2011




Lower 1C-DASB uptake
iIn PD with depression

striatum

thalamus

cingulate

o= kw00 W

z= 43 p<0.001

7 PDdepr <7 PD without depression Courtesy of Nicola Pavese
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Risultati

Autore : :
Campione Disegno Farmaco (decremento punteggio| Followup

anno

Leentjens 6

Sertralina

S 5 Doppio cieco Placebo MADRS 11 10 settimane
Fregni 21 . Fluoxetina HAM D -9%/-88 .
Doppio cieco 8 settimane
2008 21 PP ™S /BDI  -105/-8°
7 Fl in Ineffi
Serrano Duenas|ie Randomizzato uc_)x_e tl. .a HAM D e. cace 12 mesi
20025 40 Amitriptilina Efficace
Avila 7 _ Fluoxetina Ugualmente )
Randomizzato BDI .. 12 settimane
20036 9 Nefazodone efficaci®
Antonini 12 . Sertralina -128 .
Doppio cieco e HAM D 3 mesi
20067 11 PP Amitriptilina -118
Barone 33 . Pramipexole -108 .
Doppio cieco . HAM D 12 settimane
20068 34 PP Sertraline -08
16 Placebo -9
[2)(?(:/82038 15 Doppio cieco Citalopram MADRS -14* 4 settimane
17 Desimipramina -20*
17 Placebo -4
HEZE] 18 Doppio cieco  Paroxet HAMD -6 8 set
- oppio cieco Paroxetina - settimane
17 Nortriptilina -11*
_ 39 Placebo -6.8
Richard 42 DODDIO Ci : N :
- oppio cieco Paroxetina HAM D -13 12 settimane
34 Venlafaxina ER -11*

* differenza significativa rispetto al placebo

8§ differenza significativa rispetto al basale



Depressione/MP
Trattamento della depressione in MP

Efficacy and Acceptability of selective serotonin
reuptake inhibitors for the treatment of depression in Parkinson's disease:
a systematic review and

meta-analysis of randomized controlled trials
PetrosSkapinakigt all.

Risk Ratio for response of SSRIs vs Placebo in Parkinson's Disease Patients

Study name "SSRI" Response / Total Statistics for each stud Risk ratio and 95% CI
Risk Lower Upper

"SSRIs" "Placebo" ratio limit limit p-Value
Wermuth, 1998  citalopram 27118 3/19 0.70 0.13 373 0.68
Devos, 2008 citalopram 8115 4/16 213 0.81 564 0.13
Fregni, 2004 fluoxetine 9/21 9/22 1.05 0.52 212 0.90
Menza, 2008 paroxetine 2118 4117 0.47 0.10 225 0.35
Leentjens, 2003  sertraline 3/6 4/8 0.75 0.28 2.00 0.57
Antonini, 2006 sertraline 10/16 8/15 117 0.64 215 0.61

34/94 32/95 1.08 0.75 1.55 0.67

0.01 0.1 1 10 100
Favours Placebo Favours SSRIs

Meta Analysis (Random Effects)

A 11 63% degli antidepressivi prescritti sono SSRI e nel 7% sono TCA.
Al Q8 | yO2Nr AYyOSNISTTI adzZztQSTFTFAOL
A I risultati di questo studio mostrano che la pratica clinica attuale non

e supportata da forti evidenze.

BMC Neurology 2010, 10:49



Depression and PD: clinical features

Core symptom

Low mood and impaired interest or
ability to experience pleasure

Other clinical features
Altered sleep patterns
Change in weight

Loss of libido
Psychomotor retardation
Reduced energy

Sl g B9 I =

StarksteinMov Disord 2008



Does dopamine dysfunction drive
depression?
Malhi GS, Berk M.

Objective: To examine the evidence that dopamine (DA) dysfunction
contributes to melancholic depression.

Method: Database (EMBASE, PsychLit and MEDLINE) searches
using relevant key words were conducted and citations were
scrutinized.

Results: In this paper, we assume that the definition of melancholia is
contingent upon the presence of psychomotor disturbance (PMD). In
melancholic depression PMD comprises both a cognitive and motor
component and DA is found to be important in both. DA
neurotransmission modulates cognition in particular in attention,
adaptation and motivational processes and has a pivotal role in motor
function.

Conclusion: DA is a credible aetiological candidate for the PMD in
melancholic depression. However, melancholia needs first to be
characterized both clinically and in terms of its pathophysiology. In
this regard, illnesses such as bipolar depression and Parkinson’s disease
warrant consideration as they provide suitable models of both the
cognitive and motor aspects of PMD, and hold the necessary markers
to better define melancholia.

Acta Psychiatr Scand 2007: 115 (Suppl. 433): 116124




Imaging delrilascio di dopamina

dopamine

/ receptor

10% di riduzione
del Y1IC raclopride
BP riflette un
incrementodi 5
volte delrilascio di
Dopamina




Striatal dopamine release after prefrontal repetitive
transcranial magnetic stimulation in major depression:
Preliminary results of a dynamic ['*°I] IBZM SPECT study

Oliver Pogarell *, Walter Koch b Gabriele Popperl b Klaus Tatsch ¥,
Franziska Jakob *, Peter Zwanzger *, Christoph Mulert *, Rainer Rupprecht ?,
Hans-Jirgen Méaller , Ulrich Hegerl ®. Frank Padberg **

* Pepariment of Prychigiry, Eadwig- Macingilions-University, Nusshawmgir. 7, D-A0336 Munich, Germany
b Department of Nucear Medicine, Ldwig-Marcimilians- University, Munich, (Geomany

0.7 -
M pro-
challenge
o 0651
= N post-
= challenge
= 0.5
[ |
@
& 055 -
=
= 05 A
w
o
5 045 -
-3
w
0.4
0.35 A
1a 2a 3a da 5 1b 2b 3b b

Fig. |. Specfic striatal to nonspectfic [ 1] IBZM-binding ([striataboccipital Jocdpital) m nine SPECT studies each before and after rTM S-challenge
{4) indhcates the SPECT assessments at basehine; (b) SPECT studies upon completion of the scheduled three week treatment.

Journal ofPsychiatricResearch2006



DAT TRACER BINDING = Density of DAergic terminals
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Depressivesymptomsin Parkinson'sdiseaseare related to
reduced[123I]FRCITbindingin the caudatenucleus

A B Correlation between the UPDRS-III score and DaT binding in the right putamen

FlOW Chart r=-.274, P= .006 (age corrected)

155 patients with ['2I]JFP-CIT scan

Exclusion criteria:
—»{ 13 MMSE < 24
14 Use of antidepressants

Putamen DaT binding

v [ | | | | | J
0
128 patients assessed ° A ® % “ % UPDRSHIl score.
B Correlation between the BDI and DaT binding in the right caudate nucleus
L]
11 Technical difficulties > 35 . Y as b i2 4 UPDRSAIl corected)
. et : r=-253, P=. age an -Ill correcte
—> during scan acquisition § et . ¢
b o o e = . .
17 Incomplete/invalid clinical data o 3 e ' .

'E [] s % . L . . .

o L e ] ', ' .t . e !

» 25 . ML T i .

\ 4 3 ben Lot o
El ¢ . ) ' ! N . o
. . c 2 [}
100 patients with 2 ) ' i, ¢ . '
['2(]FP-CIT scan S s ' o ' '
available for analyses e

0 ! ! ! ! ! ! !
0 5 10 18 20 25

0
BDI score

Vriend2014
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depression: evidence from a 12BIRCIT SPEGivestigation

 |rdnd@m)[PDds)
_ MeantSD MeantSD

871 66,155

1210 1005
671469 66854
se36  7.004
15670 15753

Dopamine Agonist Withdrawal Syndrome
in Parkinson Disease

Christina A. Rabinak, BSE; Melissa ]. Nirenberg, MD, PhD

Frosini D, et al 2015



Depressione/MP

Trattamento della depressione in MP

Pramipexolefor the treatment of depressive symptoms
AY LI GASYy(da ¢ A0Krandbmised\ yazy
double-blind, placebacontrolled trial

Paolo Barone, Werner Poewe, Stefan Albrecht, Catherine Debieuvre, Dan Massey, Olivier Rascol, Eduardo Tolosa,
Daniel Weintraub
LancetNeurol2010; 9: 57880

Miglioramento dello score
. 16 \\“~ R
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European Jourmnal of Neurology 2004, 11: 315-320

Psychiatric comorbidity in a population of Parkinson’s disease patients

A. Nuti®, R. Ceravolo®, A. Piccinni®, G. Dell’Agnello®, G. Bellini®, G. Gambaccini®, C. Rossi®,
C. Logi®, L. DellOsso® and U. Bonuccelli?

*Department af Neuroscience, Newrology Section and " Department of Psychiatry, University of Pisa, Pisa, Italy

PD (#90) HC (#90)
% %
Major Depression 21.1* 3.3
Dysthymia 18.8* 4.4
DAP 30* 3.3
Anxiety 11.1 14.4
DOC 3.3 2.2




Anxious and Depressive Symptoms in Parkinson’s Disease:
The French Cross-Sectionnal DoPAMIP Study

Laurence Negre-Pages, PhD,"” Héléne Grandj jean, MD,’ Maryqe Lapeyre-Mestre, MD,'
Jean Louis Montastruc, MD," Annie Fourrier, MD,* Jean Pierre Lépine, MD,’
and Oliver Rascol, MD,"®* on behalf of the DoPaMiP Study Group

TABLE 2. Anxious and depressive symptoms in PD and non-PD patients

PD Patients  Non-PD patients

in = 422 in = 98) P-value OR (CI 95%) aOR (CI 95%) P-value
Anxious symptoms (HADS-A)
Mean HADS-A score 8.2 + 3. 6.5 £ 3.2 <107*
Mo anxious svmptoms (HADS-A << 7) 49% (44-53) T2 (62-80) 0.0002 | | 0.0003
Possible anxious symptoms (8 <HADS-A <10} 24% (20-28) 16% (9-24) 23(1.3-42) 24(1.3-44)
Probable anxious symptoms (HADS-A =10) 27% (23-31) I"‘}E (=19 37(1.8-73) 36(1L.8-7.3)
Possible/Probable anxious symptoms X % (2037 <107 29(1.8-49) 29(1.7-4.8) <107*
Depressive symptoms (HADS-D)
Mean HADS-D score 3.9 £ 3.2 <107*
No depressive symptoms (HADS-D < 7) gutai (84-96)  <107* | | <107*
Possible depressive symptoms (8 << HADS-D <10 O (0-8) 96((3.4-268) 10.3(3.6-288)
Probable depressive symptoms (HADS-D = 10) H(l-11) 39(1.6-94) 4.3 (1.8 - 10.6)
Possible/probable depressive symptoms I{J‘E!-E (4-16) <1074 62((3.1-123) 6.8 (34-136) <10

Mov Disord2010



Depressedomparedto non depresseddopaminergiand
noradrenergiadenervation

Left
Ventral
striatum

Region Coordinates (x, y, z)  Z-score  Voxels (n)

Locus coeruleus L. —6, —32, —28 3.50 267

Locus coeruleus R 6, —34, —30 3.10 191

Thalamus R 16, —12, 16 3.10 532

Thalamus L —16, =22, 14 2.68 454 . .

Ventral stiatum L —16, 10, 2 268 480 Right Amigdala
Amygdala R 30, —6, —24 2.60 229

Remy et al, Brain 2005



disease

Norepinephrine: The redheaded stepchild of Parkinson’s

K.S. Rommelfanger, D. Weinshenker”

Co—transmitters

ATP, adenosine, galanin, BDNF, other? )

BiochemicaPharmacology2007
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Mapping the norepinephrine transporter

NETSCAN

A Varrone etal, 2010


http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WNP-4SMNXTP-C&_image=B6WNP-4SMNXTP-C-9&_ba=&_user=793840&_coverDate=08/15/2008&_rdoc=1&_fmt=full&_orig=search&_cdi=6968&_pii=S1053811908006666&view=c&_isHiQual=Y&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=75bab3d3148a25a8e91b72e7990ad267
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6WNP-4SMNXTP-C&_image=B6WNP-4SMNXTP-C-9&_ba=&_user=793840&_coverDate=08/15/2008&_rdoc=1&_fmt=full&_orig=search&_cdi=6968&_pii=S1053811908006666&view=c&_isHiQual=Y&_acct=C000043460&_version=1&_urlVersion=0&_userid=793840&md5=75bab3d3148a25a8e91b72e7990ad267

Atomoxetine for ElEPI‘-E:SSiDl'I and other
neurﬂpsychian‘ic symptoms in

Parkinson disease
A

Atomoxetine treatment was not efficaciousfor the treatment of clinically significant
depressive symptoms in PD, but was associated with improvement in global
cognitive performanceand daytime sleepiness

Baseline Week 2 Week 4 Week 8
Minl-Mental State Examination®
Atomoxetine 28.12(0.18) — — 28.92(0.22)
Placebo 28.31(0.19) -— — 27.80(0.22)
Effect (mean group differenceln — — — 1.31(0.41)p = 0.003

change since baseline, p value)

Weintraub et al, 2010



A randomizeddoubleblind,

placebecontrolled trial of antidepressants
Parkinsordiseasd?arkinsordisease

.H.Richard, Doppio cieco vs placebo,randomizzato 115pazienti

Neurology2012
— Placebo venlafaxina .
—— Paroxetine 12 Settlmane
- \/enlafaxine Iacebo
P HAM-D

paroxetina
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/T-{ SSRé SNRkonopil efficaci
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Trattamento della depressione in MP

A non-comparativeassessmenbf tolerability
and efficacyof duloxetine in the treatment of
depressedpatients with Parkinson'sdisease

U. BonuccellExpertOpinPharmacolthe2012

Studio multicentrico, non comparativo, open-label (151 pazienti)

tollerabilita
efficacia Duloxetina60mg 12 settimane dpszliggigﬁg R/I/I: © ore
sicurezza P 99

o o HAM-17, PDQ39
Miglioramento S|gn|f|cat|v8'
- ™ BDI,CGS,PGI



Cortical cho|ineriic denervation is associated with depressive
symptoms in Parkinson’s disease and parkinsonian dementia
N | Bohnen, D | Kaufer, R Hendrickson, G M Constantine, C A Mathis, R Y Moore
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Rivastigmine in apathetic but dementia

and depression-free patients with Parkinson's
disease: a double-blind, placebo-controlled,
randomised clinical trial

David Devos,"* Caroline Moreau,*> David Maltéte,* Romain Lefaucheur,*
Alexandre Kreisler,>> Alexandre Eusebio ® Gilles Defer,” Thavarak Ouk, -3
Jean-Philippe Azulay,® Pierre Krystkowiak,®® Tatiana Witjas,® Marie Delliaux,

Alain Destée,”> Alain Duhamel,'® Régis Bordet,' Luc Defebvre,** Kathy Dujardin®°
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NMSfrequency(%) and P3everity.
PRIAMO STUDY

Disease severity as Hoehn & Yahr score
N=1072

1 1.51 2 2.51 3 41 5
58.6

Apathy 24.6 26.8 36.6 49.0

Attention/memory 37.7 40.4 51.7 65.3

Skin 14.4 19.8 34.5 32.7

Psychiatric 61.1 63.3 73.2 83.7

Respiratory 9.6 15.5 22.8 30.6

Gastrointestinal 45.5 54.4 76.9 73.5
Adapted from:

Antonini A et al. The PRIAMO study: background, methods and recruitment. Neurol Sci 2008;29 (2):61i1 5.
Barone P et al. The PRIAMO study: A multicenter assessment of nonmotor symptoms and their impact on quality of life in Parkinson's disease. Mov
Disorders 2009;15;24(11):1641i 9.



Prediagnostic presentations of Parkinson’s disease in
primary care: a case-control study

Anette Schrag, Laura Horsfall, Kate Walters, Alastair Noyce, Irene Petersen

Within 0 to <2 years

=2 years to <5 years

ZS PR Dy Lancet Newrod 2014; 14: 57-64

Parkinson's disease  Controls

Parkinson's disease  Controls

Parkinson's disease  Controls

Years before index date

(n=7232) (n=40541) (n=4769) (n=25544) (n=1680) {n=8305)
Tremor 2946 (41%) 184 (<1%) 311 (7%) 118 (<1%) 29 (2%) 41 (<1%)
Constipation 2326 (32%) 7598 (19%) 1196 (25%) 3890 (15%) 335 (20%) 1202 (14%) 8166 p[:p atients
761 (11%) 2129 (5%) 430 (9%) 1472 (6%) 180 (11%) 618 (7%) o
Dizziness 725 (10%) 2411 (6%) 486 (10%) 1629 (6%) 206 (12%) 723(9%) 45755 individuals
66 (10%) 1724 (4%) 312 (7%) 1035 (4%) 04 (6%) 409 (5%) without PD
528 (7%) 2263 (6%) 407 (9%) 1729 (7%) 175 (10%) 803 (10%)
Aniety 624 (9%) 1505 (4%) 333 (7%) 1039 (4%) 136 (8%) 504 (6%)
301 (4%) 1613 (4%) 224 (5%) 1301 (5%) 128 (8%) 667 (8%)
Urinary dysfunction 338 (5%) B15 (2%) 167 (4%) 459 (2%) 53 (3%) 170 (2%)
Erectile dysfunction 2934323 (7%) 143424076 (6%)  242(2885(8%)  1072/15330(7%)  116/1024 (11%) 416/5017 (8%)
Insomnia 314 (4%) 1286 (3%) 190 (4%) 850 (3%) 85 (5%) 386 (5%)
Balance impairments 300 (4%) 379 (1%) 78 (2%) 196 (1%) 21(1%) 62 (1%)
Hypotensicn 153 (29%) 346 (1%) 8o (2%) 204 (1%) 27 (2%) 61 (1%)
Memory problems 197 (3%) 520 (1%) 61 (1%) 187 (1%) B (=1%) 47 (1%)
Rigidity 201 (3%) 52 (<1%) 11 (=1%) 36 (=1%) 3 (=1%) 16 (<1%)
Shoulder pain or stiffness -B Parkinson's disease Depression Fatigue
707 - No Parkinson's disease & 180+ & Parkinson's disease 100+
60— f:-\ 160~ 4 No Parkinson's disease
50— _ {r”i %L o /} 80
/GRS Sn SENNN £ /-
207 = e i-'i“'* ’i__i_i - ii_%-}ii# & -
10 g 404 i iSRS 20 R e
0 I I I I T T I I I I :.; 7
w'a'8'7'6e'5T473"2"M1 = 0T 7T 77T 0T T T T T T




The Onset of Nonmotor Symptoms in Parkinson’s Disease
(The ONSET PD Study)

Timespans Before OMS®

Onset Before OMS n Mov Dis2014
NMS (% of All PD Subjects) <2 Years n (%) 2 to 10 Years n (%) =10 Years n (%)
Smell loss® 44 (88) 11 (25) 17(39) 16 (36)
33 (78) 7121 5(15) 21 (63)
32 (68) 9 (28) 12 (37.5) 11 (34.5) NON MOTOR SYMPTOMS
oTa 31 (81) 9 (29) 9 (29) 13 (57)
Dream-enacting behavior® 24 (77) 3 (12.5) 9 (37.5 12 (50) were assessedby a custom
Frequent nightmares® 21 (81) 3(13 4 (17) 14 (61) . . .
Excessive sweating 20 (67) 5 (25) 7 35) 8 (40) made questionnaire 109
: complains 19 (54) 11 (58) 8 (42) 0 (0) .
% 19 (49) 7 (36.5) 10 (52.5) 2 (10) neWIy dlagnosed untreated
abtentil] 18 (60) 14 (78) 1 (5.6) 3 (16.6) H
18 61 12 68) 316, 3 (1) PDpatientsand 107 controls
Apau 17 (50) 12 (71) 4 23) 1 (6)
Postprandial fullness 16 (64) 4 (25) 2 (12.5) 10 (62.5)
b 16 (52) 4 (25) 5(31) 7 (44)
13 (59) 4 (31) 6 (46) 3 (23
Taste 1053 11 (73) 0 10 (91) 1(9) PD Controls
Chest pain® 11 (100) 1(9) 5 (45.5) 5 (45.5) (n=109)  (n=107)
Significant NMS % % OR 95% CI
Taste loss 14 1 16.9 2.1-130
. . . . Dream-enacting behavior 28 3 13.77  4.06-46.71
A Anhedonig apathy, memory complaints and inattention Anhedonia 32 6 796  3.18-19.90
i : i Smell loss 46 1 6.7 3.3-136
occurredmore frequently during the 2-year premotor period Fatiue % o o4 oot
) ) ] Frequent nightmares 24 6 5.27 2.07-13.41
A Smellloss mood disturbances,taste loss, excessivesweating Unexplained pain 20 6 425  1.65-10.97
. . . Constipation 385 13 41 2.1-8.2
fatigue, and pain were more frequently reported in the 2- to Chest pain 10 3 389  1.0-14.36
10.year premotor period Mood disturbances 43 19 3.29 1.78-6.10
Apathy 3 12 3.27 1.61-6.51
Inattention 28 11 3 1.44-6.25
A Constipation dreamenacting behavior, excessive daytime Heat/cald intolerance 3 19 232 124435
. B Excessive daytime 28 15 2.26 1.15-4.43
sleepiness, and postprandial fullness were frequently sleepiness
i Postprandial fullness 23 12 21 1.0-45
perceivedmore than 10 yearsbefore motor symptoms Erconeivs et o b 201 10301

Memory complaints 32 20 1.93 1.03-3.61
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Edgar Degas (1é341917).MeIanchon, late 1860s, French. Qil on canvas.
Courtesy of The Phillips Collection, Washington, DC.



Prevalence of fatigue in Parkinson disease
and its clinical correlates

e A A total of 402 patientswere enrolledand
D 394 patientscompletedthe PFSL6
o ol MO D guestionnairewith a PFS.6 meanscoreof
Mas . De andis MD. 2.87+0.99.
b A 136 patients (33.8%) reported distressing
o P B fatigue (PFmc Y SIYy aO0O2NbB X
Watrsdin W A Patientswith distressingatiguewere older
e andhada longerduration of PDthanthose
For she FORTE Sucy without distressindatigue.

A Famale gendewasariskfactorto develop

fatigue

Mewralogy® 2014;83:215-220



Prevalence of fatigue in Parkinson disease
and its clinical correlates

Fabrmean Scoodha, MDD
Criovanm Abbnmmese,
MD
Rabern Cemvalo, MD
Fietrn Coreells, MDD, FhD
Marco D'Amelm, MDD
Mara F. De Pandis, MDD,
Fa
Criovanm Fabbnna, MD
Claudm Pacchera, %40
Cianni Pexzali, 34D
Alemand o Temitore,
MD, PhD

Margherita Canesi, MD
Claudm lannacome

Mana Zappia, MD
Far the FORTE Seudy
Caraup

Mewralogy® 2014;83:215-220

A Thepresenceof distressingatiguewas
associatedwith

A Highertotal Unifiedt I NJ % DBisedsg Q
Rating Scale (UPDRS0res

A Poorerqualityoflife (39A G SY t IsNJ
Diseas&uestionnairdPDQ39])

A Worsesocial andsychologicabehaviors
A Higherseverityof depressivesymptoms
A Higherprevalenceof sleepdisorders



Fatigue in levodopa-naive subjects with
Parkinson disease

Neurology® 2008;71:481-485

>

Change in FSS score

: ‘ Table 2 [*23]-p-CIT uptake at basellne ‘
—— Placebo
1.6 -~ 150 mg Fatlgued, Nonfatigued, pValue
——— 300 mg n=49 n= 82 (age-adjusted)
1.2+ - 600 mg
. _ 5 Striatum 378(172) 3.53(1.14) 0.5515
) T 1 Caudate 4.91(1.88) 4.64(1.29) 0.6056
04 ,.—/‘_';“f____;:i — e :_f_/i nucleus
00 ~FToE : Putamen 265(161) 2.42(1.09) 0.5156
-0.4 1
05 | Values are mean (SD).
0 4 8 12 16 20 24 28 32 36 40 44 /
ALL SUBJEGTRIO ¢ 0% 13
L 0.4 = ﬁ
2 001
g -0.41 C .. PD WITH FATIGUE AT
STUDIO ELLDOPA -0.8 - o 4, BASELINEL28
O 4 8 12 16 20 24 3
. ; 2087
Fatlgulels atfrec!{uznt SYmptom  ppy \WITHOUT FATIGUE ...
N €arly, untreated, non AT BASELINR21 S 00l ~y g
depressed patients with P =" A
Parkinson disease . S psl___ | | o
0 4 8 12 16 20 24 28 32 36 40 44

Fatiguewasassociatedvith the severityof PD,and progressedessin patients treated with levodopa



doi:10.1093/brain/awq268 Brain 2010: 133; 34343443 | 3434
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Fatigue in Parkinson’s disease is linked to striatal
and limbic serotonergic dysfunction

Nicola Pavese,’ Vinod Metta,? Subrata K. Bose,’ Kallol Ray Chaudhuri? and David J. Brooks’

3

11GDASB
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PFS-16 =2 PES16~13 without fatigue

HC-DASB binding potential

audate
putamen
ventral
riatum
raphe

thalamus

Rightand left Rightandleft Rightand left Rightand left
striatum andleft striatum andright cingulatus striatum andleft

cingulate andleft thalamus amygdala

Right cingulateand
right thalamus




Take homemessage

w Ladepressionenella MP e sindromepremotoria, molto
frequente durante la malattia, efattore di peggioramento
dellaqualita dellavita

w Il suoriconoscimentoe cruciale: spessosottodiagnosticata e
sottotrattata

w Piucheunadiagnosiformale dovremoriconoscerel sintomi
depressivie trattarli in relazioneal loro differente substrato
neurochimico

w Necessariaonoscerda multidimensionalitadel quadro per
un precoceed efficacetrattamento



