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Depression 



Depressive Symptoms in De Novo and 

Early PD: PPMI Data 

de al Riva et al. Neurology 2014;83:1096-1103. 



Monoaminergic Basis of Treatment I: 
NOREPINEPHRINE 

Menza et al. Neurology 2009;72:886-892. 



Monoaminergic Basis of Treatment II: 
DOPAMINE 

Barone et al. Lancet Neurology 2010;9:573-580. 





Monoaminergic Basis of Treatment III: 
SEROTONIN 

Richard et al. Neurology 2012;79:1229-1236. 

Mean 12 Week ∆ in HAM-D Score 

Comparison Effect 95% CI P-value 

Paroxetine vs. Placebo -6.2 (-9.7, -2.7) <0.001 

Venlafaxine vs. Placebo -4.2 (-7.8, -0.6) 0.02 

SAD-PD: Study of Antidepressants in Parkinson's Disease  



What is Real Risk for Serotonin Syndrome? 

• In ADAGIO study, of close to 100 patients 

who were on combination of MAO-B inhibitor 

+ antidepressant for 6 months, 0 cases of 

serotonin syndrome based on adverse event 

reporting  



Porsteinsson et al. JAMA 2014;311:682-691. 



Differential Effects for STN vs. GPi DBS? 

Follett et al. NEJM 2010;362:2077-2091.                          

Sako et al. JNNP 2014;85:982-986. 

“The level of depression worsened after subthalamic stimulation and 

improved after pallidal stimulation.” 



Suicide and DBS: What’s the Evidence? 

Weintraub et al. JNNP 2013;84:1113-1118.  

 . 

CSP 468 

Study 



Psychosis 



Non-Visual and “Minor” Hallucinations 

More Common Than Previously Thought 

Fenelon et al. Movement Disorders 2010; 25: 755–759 



Pagonabarraga et al. Movement Disorders 2015;10.1002/mds.26432. 



Psychosis and Dopamine 

Replacement Therapy: PPMI Data 

 Psychosis  

 (% present) 

BL 

  

12 

months 

  

24 

months 

  

Change 

in PD 

over time 

 

 

Change 

between 

groups 

over time 

PD 
3.1% 

(13/423) 

5.4 % 

(14/261) 

10.4% 

(10/96) 
11.64 (2), 

p=0.003 

1.49 (2), 

0.59 HC 
0.5% 

(1/195) 

0% 

(0/145) 

2.4% 

(2/83) 

Fischer test, p 0.076 0.003 0.038 

de al Riva et al. Neurology 2014;83:1096-1103.  

 

  Variable 

 

  UPDRS Part I     

  Hallucinations and  

  Psychosis item 

  

PD 

Subjects 

(N = 423) 

  

  

Healthy 

Controls 

(N = 196) 

  

  

 Statistic 

(Chi-

square) 

  

df 

  

  

  

p-value 

  

  

   Negative 410 (97%) 194 (99%)   

3.95 

   

  

1 

  

  

0.047 

  
   Any positive score 13 (3%) 1 (1%) 

“The frequency of new-onset psychosis was 

nearly three times as high in the DRT group 

compared with the untreated group.”  



Antipsychotic (AP) Prescribing in PD 

Weintraub et al. Archives of Neurology 2011;68:899-904. 

• 50% of PD patients with          

     psychosis prescribed an AP 

• Quetiapine most frequently  

     prescribed AP (2/3 of   

     treated patients) 

• 1/3 receive high potency  

     APs (typicals + atypicals) 

• Clozapine rarely prescribed 

     (<2%) 



Quetiapine 

Olanzapine 

Clozapine 



What’s the Problem? Risks With AP 

Use in “Dementia-Related Psychosis”  

• Increased morbidity and mortality 

– Increased risk of CVAEs and mortality (1.7 times) 
secondary to CVEs and infections 

 

 

• Issued for atypical APs in 2005 
– Extended to typical APs in 2008 

• Also Type 2 diabetes, orthostatic hypotension, 
dry mouth, sedation, dizziness, constipation 

 

BLACK BOX WARNING 



Mortality Rates by Antipsychotic 

Exposure in PD 

Group 

Intention-To-Treat 
Analysis 

Exposure Only Analysis 

Hazard Ratio  
(95% CI) 

P-value Hazard Ratio  
(95% CI) 

P-value 

No AP Use 1.0 - 1.0 - 

AP User 2.35 (2.08-2.66) <0.001 2.15 (1.82-2.55) <0.001 

No AP Use 1.0 - 1.0 - 

Atypical AP 2.26 (1.98-2.57) <0.001 2.09 (1.75-2.49) <0.001 

Typical AP 3.65 (2.47-5.39) <0.001 3.11 (1.72-5.60) <0.001 

Weintraub et al. JAMA Neurology 2016;73(5):535-541. 

<10% of patients 
diagnosed with dementia 

CI=Confidence Interval; AP=Antipsychotic. 



Morbidity (ER Visits) Outcomes in PD 

Patients Treated with AP 

Weintraub et al. (under review). 



Links with Serotonin System  

(5-HT2A Receptor) 

Huot et al. Movement Disorders 2010;25:1399-1408.                                          

Ballanger et al. Arch Neurol 2010;67:416-421. 



New AP for PD Psychosis 
 (Pimavanserin - 5HT-2A inverse agonist) 

Cummings et al. The Lancet 2013;383:533-540. 



End-of-Study Change  Placebo Pimavanserin 

N 19 27 

Mean (SE) -0.47 (1.89) -7.11 (1.81)  

Median 2.00 -8.00 

Change in SAPS-PD Score For 

Cognitively Impaired 
(Baseline MMSE Score <25) 

Unpublised Data courtesy Acadia Pharmaceuticals and Dr. Clive Ballard.  



Cognitive Impairment 



Dementia Almost Inevitable Long-Term? 



 Cognition in De Novo PD: PPMI Data 

Weintraub et al. Movement Disorders 2015;30:919-927. 



Cognition Part of Pre-Motor Syndrome? 

Chahine and Weintraub et al. Movement Disorders 2015; 10.1002/mds.26373. 



Heterogeneity in Early Cognitive Deficits 

• 25-30% of established 

non-demented patients 

with MCI  

• Memory impairment 

common 

• Multi-domain 

impairment common 
 



Frequent and Fast Progression From 

MCI to Dementia 

Pigott et al. Neurology 2015;85:1276-1282. 

Long-term outcomes 

for incident MCI in 

established PD 



Ravina et al. Movement Disorders 2012;27:1932-1397. 



But No Differential Long-Term Effect 

for PD Medications 

PD MED Collaborative Group. Lancet 2014;80:792-799. 



No Effect for MAO-B Inhibitor in 

PD-MCI 

Weintraub et al. Movement Disorders (in press).  

Change from Baseline in SCOPA-COG scores 



 Early, Significant and Widespread 

Cholinergic Deficits 

Bohnen et al. Archives of Neurology 2003;60:1745-1748.  

Meyer et al. Arch Gen Psychiatry 2009;66:866-877. 

AChE = acetylcholinesterase activity 



Rivastigmine for PDD   
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Observed case (OC) analysis 

Emre et al. NEJM 2004;351:2509-2518.  



Cholinesterase Inhibitors for PD-MCI? 

• No effect on cognitive 

measures 

• Trend improvement on 

CGI 

• Trend improvement in 

disease-related function 

and anxiety 

• Significant improvement 

on performance-based 

measure of cognitive 

abilities 
 

Mamikonyan et al. Movement Disorders 2015;30:912-918.  



The Rise of Norepinephrine 

Weintraub et al. Neurology 2010;75:448-455.          

Kehagia et al. Brain 2014;137:1986-1997. 

 





   Negative DBS Effect (Advanced PD) 
     

                                            BMT                    DBS             Difference 

Weaver et al. JAMA 2009;301:63-73.                                                                       

Rothlind et al. JNNP 2014;10.1136/jnnp-2014-308119.  

“Among study completers, 18 (11%) study participants 

receiving DBS displayed reliable decline by multiple 

indicators in two or more cognitive domains, a 

significantly higher rate than in the BMT group (3%). 

This multi-domain cognitive decline was associated 

with less beneficial change in subjective ratings of 

everyday functioning and quality of life (QOL). The 

multi-domain cognitive decline group continued to 

function at a lower level at 24-month follow-up.” 



No Effect for Memantine? 



Avoid Anticholinergics? 

Ehrt et al. JNNP 2010;81:160-165.          

Gray et al. JAMA Intern Med 2015;175:401-407.                                                            



Effect of Cognitive Training in PD 

Leung et al. Neurology 2015;85:1–9.                                                               



Does Exercise Improve Cognition 

in PD? 



Value of Good Night Sleep 

“95 patients with idiopathic PD…wore actigraphy 

watch for 2 weeks, from which measure of nocturnal 

sleep efficiency calculated…Working memory and 

verbal memory consolidation significantly 

associated with sleep efficiency. Findings reveal 

that nocturnal sleep disturbance in Parkinson’s 

disease is associated with specific cognitive 

difficulties.” 

Gunn et al. J of Clin Neuroscience 2014;21:1112-1115. 



Impulse Control Disorders (ICDs) 



Weintraub et al. Neurology 2013;80:176-180. 



5.7% 

(7.2%)* 

5.0% 

(6.4%)* 

4.3% 

(5.6%)* 

3.5% 

(4.4%)* 

ICDs Common in Treated PD: 

DOMINION Study 

Combined Frequency: 

Overall=14%; *On DA=17%; >2 ICDs=4% 

Weintraub et al. Archives of Neurology 2010;67:589-595. 



Not Just Dopamine Agonists 
Variable* Entire Study Population (N=3090) 

Odds ratio [95% CI] P value PAR%&  

Age (≤65 years vs. >65 years) 2.50 [1.98; 3.15] <0.001 41.2% 

Marital status (not married vs. married) 1.48 [1.16; 1.89] 0.002 7.4% 

Country (living in United States) 1.62 [1.25; 2.10] <0.001 27.9% 

Current smoking (yes vs. no) 1.70 [1.07; 2.70] 0.02 2.9% 

Family history gambling problems (yes 

vs. no) 

2.08 [1.33; 3.25] 0.001 1.5% 

DA treatment (yes vs. no) 2.72 [2.07; 3.57] <0.001 49.3% 

Levodopa treatment (yes vs. no) 1.51 [1.09; 2.09] 0.01 9.6% 

* Clinical and demographic variables included were those with P value <0.10 on univariate analysis; data presented for significant results 

only; & PAR% (population attributable risk percentage) for exposure variable = ([prevalence in the entire population – prevalence 

in unexposed population] / prevalence in entire population) x 100. The PAR% is a univariate calculation, so the sum of the PAR% for 

multiple variables can exceed 100%.  



Amantadine Too 

Weintraub et al. Annals of Neurology 2010;68:963-968.  



Rasagiline Too 

• Multicentre, retrospective study to evaluate ICD symptoms in 

PD patients (N=233) chronically treated (>6 months) with 

single nonergolinic DA (pramipexole, ropinirole, or rotigotine) 

• ICD assessment was with screening questionnaire (QUIP) 

• ICDs were hobbyism=45, punding=29, hypersexuality=28, 

buying=16, gambling=9, DDS=7, eating disorder=6, 

walkabout=3 

• In univariate analysis, younger age, oral DA use, and rasagiline 

use significantly associated with ICD 

• On multivariate analysis, younger age, oral DA use, and 

rasagiline use independently associated with ICD symptoms 

Garcia-Ruiz et al. JNNP. 2014;85:840-844.. 



Decreased Dopamine Transporter Availability 

Associated With Incident Behaviors in Early PD 
 All subjects Subjects on DRT 

 OR P OR P 

Baseline DAT binding 

Right caudate 1.07 .82 1.12 .71 

Left caudate .905 .70 .94 .84 

Right putamen .77 .58 .99 .99 

Left putamen .55 .18 .78 .63 

Mean total striatal .82 .64 .99 .98 

Change in DAT binding (baseline-year 1) 

Right caudate 2.75 .08 4.03 .01 

Left caudate 1.58 .35 1.78 .26 

Right putamen 2.37 .33 3.28 .25 

Left putamen 1.66 .48 2.52 .24 

Mean total striatal 4.04 .14 6.90 .04 

DAT binding (post-baseline) 

Right caudate .66 .31 .47 .07 

Left caudate .66 .31 .62 .32 

Right putamen .17 .04 .06 .01 

Left putamen .17 .03 .15 .07 

Mean total striatal .36 .09 .25 .04 

 

Smith et al. JNNP. 2016;87:864-870. 



Kraemmer et al. JNNP. 2016;10.1136/jnnp-2015-312848. 

• Heritability of symptom 

= 57% 

• Adding 13 candidate 

SNPs increased ICD 

prediction in DA-treated 

patients (AUC from 71% 

to 87%)  

• Strongest SNP predictors 
• Serotonin 2A receptor 

• Kappa opioid receptor 

• Dopamine decarboxylase 

 



Current Management Options 

• Do nothing  

– Assess significance 

• Alterations to PD pharmacotherapy 

– Discontinue, lower or switch DA therapy 

– But dopamine agonist withdrawal syndrome (DAWS) 

• Psychosocial treatment (CBT) 

• Psychopharmacology 

– Antidepressants (SSRIs), antipsychotics, and mood 

stabilizers (anticonvulsants) used clinically 

• Consider deep brain stimulation (DBS) 



Lhommée et al. Brain. 2012;135:1463-1477. 



Recent Complexity: Answer in 

Postoperative Dopaminergic Dosing? 



Benefit for Opioid Antagonist  

• Randomized, double-blind, placebo-controlled 

clinical trial of naltrexone for all ICDs 

– Naltrexone is a competitive opioid receptor 

anatagonist FDA-approved for Etoh dependence 

– Modulatory role for opioid peptides in the 

nigrostriatal dopaminergic pathway 

• 50 subjects with ≥1 of 4 common ICDs 

randomized to naltrexone or placebo 

Mixed-effects model 

Papay et al. Neurology 2014;83:826-33. 



Long-Acting, Transdermal Dopamine 

Agonist Treatment 

• Post-hoc analysis of pooled data from 6 long-term, open-label 
extension studies of rotigotine in PD 

• Patients received optimal dose rotigotine (up to 16mg/24h);  
concomitant levodopa permitted 

• ICD behavior type AEs analyzed for subgroup of patients who 
(1) received rotigotine for ≥180 days, and (2) were administered 
modified Minnesota Impulse Disorders Interview (mMIDI) 

• MIDI modified to add eating and punding to gambling, sex and buying 

• AEs then categorised according to the 5 mMIDI diagnostic 
categories (by medical review) based on comments from 
external advisors  

Antonini et al. Eur J Neurology 2016;0.1111/ene.13078. 



Incidence of ICD Behaviors By Dose 

at ICD Onset 
Rotigotine dose at AE ONSET mg/24 h; n (%) [AE] 

2 

n=403 

4 

n=737 

6 

n=743 

8 

n=730 

10 

n=622 

12 

n=543 

14 

n=409 

16 

n=310 

Any ICD behavior 

reported as AEs 
6 (1.5) [6] 6 (0.8) [9] 8 (1.1) [9] 16 (2.2) [18] 13 (2.1) [15] 12 (2.2) [15] 13 (3.2) [22] 11 (3.5) [12] 

Buying disorder 2 (0.5) 0 3 (0.4) 2 (0.3) 3 (0.5) 1 (0.2) 6 (1.5) 2 (0.6) 

Compulsive gambling 2 (0.5) 2 (0.3) 1 (0.1) 6 (0.8) 2 (0.3) 3 (0.6) 1 (0.2) 1 (0.3) 

Compulsive sexual 

behaviour 
1 (0.2) 0 2 (0.3) 3 (0.4) 3 (0.5) 5 (0.9) 6 (1.5) 2 (0.6) 

Compulsive eating 0 3 (0.4) 1 (0.1) 1 (0.1) 2 (0.3) 1 (0.2) 3 (0.7) 2 (0.6) 

Punding behaviour 1 (0.2) 2 (0.3) 1 (0.1) 1 (0.1) 1 (0.2) 3 (0.6) 2 (0.5) 3 (1.0) 

Otherb 0 2 (0.3) 1 (0.1) 4 (0.5) 3 (0.5) 2 (0.4) 3 (0.7) 2 (0.6) 

aICD behavior reported as AEs categorized according to mMIDI module were defined by Medical Review. 
b“Other” includes Reported Terms: compulsive behaviour/s, compulsive disorder, impulse control disorder, impulsive 

behaviour, impulsive control behaviour/s, obsessive compulsive behaviour, obsessive compulsive disorder, poor impulse 

control. 

Six patients had AEs indicative of compulsive-impulsive behaviour after the end of treatment, the last rotigotine dose has 

been imputed as the onset dose for these cases.  



Incidence of ICD Behaviors Reported By 

Duration of Rotigotine Exposure 
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Duration of rotigotine exposure (months): discrete intervals
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