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Motor (movement) 
symptoms: 
 rest tremor 
 stiffness or rigidity 
 slowness and 

decreased number of 
spontaneous 
movements  

 loss of balance  

Non-motor (non-
movement) symptoms:   
 lost sense of smell 
 problems in automatic 

functions (e.g., 
digestion, BP) 

 mood changes 
 thinking/cognitive 

problems 
 disturbance of sleep 

and wakefulness 
 vision changes  
 skin problems 

 



To understand: 
 effect of Parkinson’s disease (PD) on thinking 
 effects of dopamine medication on thinking in 

PD 
 



 challenges to studying thinking in Parkinson’s 
disease 

 research approach 
 some insights about thinking in Parkinson’s 

disease with support from experiments  
 treatment available to address thinking 

problems in Parkinson’s disease 



 progressive disease 
 dopamine replacement medications can 

improve some parts of thinking and worsen 
others 

 medications have different effects on thinking 
depending on the stage of disease 



On tests of attention, learning, memory, decision 
making, ‘shifting’: 

 compare performance of patients with Parkinson’s 
disease ON vs. OFF dopamine-replacement 
medication relative to age-matched healthy 
volunteers 

 compare performance of early- and late-stage 
patients with Parkinson’s disease ON vs. OFF 
dopamine-replacement medication 

 use functional magnetic resonance scanning of the 
brain to visualize what brain regions are more active 
and therefore likely are involved in different 
thinking functions 



Functional Magnetic Resonance Imaging 



MacDonald et al., (2011) Brain 

Shifting Gears 
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FB vs. all 

Z =  - 2 
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Forming Memories 
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 Experiment 1: shifting attention or ‘switching 
gears’ 

 Experiment 2:  learning associations between 
stimuli and responses 

 Experiment 3:  forming and retrieving 
memories   



 compare performance of PD patients OFF and 
ON dopaminergic medications  

 relate performance to that of healthy volunteers 
matched on age and education, in pseudo-OFF 
and pseudo ON 



Number comparison task 
 on some trials choose the  larger number  

 
 
 
 
 on others choose the smaller number 
 

TWO 
FIVE 

TWO 
FIVE 



Condition 1 (Shifting Gears) 
 numbers are inconsistently smaller or larger across trials  

 
 
 
 
 slow down to avoid making more errors evidence that 

they are shifting gears (e.g., TWO-small followed by 
TWO-big) 

TWO 
SEVEN 

TWO 
ONE 



Condition 2 (Baseline) 
 No numbers repeat across consecutive trials 

 
 
 
 
 provides a baseline speed and accuracy for making 

number comparisons 

TWO 
SEVEN 

THREE 
ONE 



Condition 1 (switching gears) minus Condition 2 (baseline) 
28 PD and 28 Controls 



OFF Medication ON Medication 

‘Shifting Gears’ 
in PD 

ABNORMAL or 
IMPAIRED 
 

BETTER 
 

Experiment 1:  Discussion 

MacDonald et al., (2011) Brain  



 compare performance of PD patients OFF and 
ON dopaminergic medications  

 relate performance to that of healthy volunteers 
matched on age and education, in pseudo-OFF 
and pseudo ON 

 



Experiment 2 

• 33 PD patients and 29 age-matched CTRLs 
• Session 1:  Learning Phase 

•  associate 9 abstract images to 1 of 3 key-press response 
using feedback 

• learning criterion achieved when 74% correct is achieved 
on 2 consecutive rounds of 27 stimulus-response trials.  

• Session 2:  Performance Phase 
• perform key-presses learned in Session 1; no feedback 

  

Keypress 1 
  

Keypress 2 

Keypress 3 





0

0.01

0.02

0.03

0.04

0.05

0.06

ON OFF CTRL

Sl
op

e 

Group 

* 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

ON OFF CTRL

R
ec

al
l (

%
) 

Group 

Session 2 Results: 
• No significant ON-OFF differences or 

differences between PD patients and CTRLs 

EXPERIMENT 2: 
RESULTS 

Session 1 Results: 
• OFF equal to CTRL (p = 0.647)  
• OFF better than ON (p < .029) 
• ON worse than CTRL (p = .058) 



OFF Medication ON Medication 

Learning 
Associations 

NORMAL WORSE 

Using 
Associations to 
make decisions 

NORMAL NORMAL 

MacDonald et al., (in press) Neuroimage 

Experiment 2:   
Discussion 



 compare performance of PD patients OFF and 
ON dopaminergic medications  

 relate performance to that of healthy volunteers 
matched on age and education, in pseudo-OFF 
and pseudo ON 

 



Phase 1 
 Measured how easily PD patients and healthy 

volunteers learned new lists of words and lists of 
abstract figures  

Phase 2 
 Measured how well PD patients and healthy 

volunteers retrieved words and abstract figures that 
they learned in Phase 1 



RAVLT Stimulus Sets 
Session 1 Session 2 

Main Interference New Main Interference New 
Doll Dish Stall Violin Orange Leaf 

Mirror Jester Engine Tree Table Frog 
Nail Hill Soot Scarf Toad Hospital 

Sailor Coat Silk Ham Corn Peel 
Heart Tool Screw Suitcase Bus Blanket 
Desert Forest Telephone Cousin Chin Bottle 
Face Perfume Armour Earth Beach Television 

Letter Ladder Head Stairs Soap Rock 
Bed Girl Pony Dog Hotel Piano 

Machine Foot Envelope Banana Donkey City 
Milk Shield Zoo Town Spider Calendar 

Helmet Pie Song Radio Money Doctor 
Music Insect Pool Hunter Book Chest 
Horse Ball Bread Bucket Soldier Pear 
Road Car Street Field Padlock Grass 

Jail Gloves 
Joker Sofa 
Plate Cork 
Sand Lunchbox 
Fly Train 

Dart Uncle 
Captain Stars 
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OFF Medication ON Medication 

Forming 
Memories 

NORMAL WORSE 

Retrieving 
Memories 

WORSE 
 

BETTER 
 

MacDonald et al., (2013) PLOSONE 

Experiment 3:   
PD Patients’ Performance 



 ‘Shifting gears’ and retrieving memories are 
impaired  in Parkinson’s disease and are 
improved by dopamine replacement medication. 

 Learning associations and forming memories 
are performed normally in Parkinson’s disease 
and are worsened by dopamine replacement 
medication. 



 Some aspects of thinking are impaired in 
Parkinson’s disease even early in the course of the 
illness. 
 Are there others? 
 visuo-spatial processing, attention, judgement, 

abstract thinking 
 Are some aspects of thinking better in PD? 
 resistance to distraction 



 Dopamine replacement medication improves some 
aspects of thinking (e.g., shifting, memory retrieval), 
not just movements. 
 What other aspects of thinking are improved by 

medication? 
 Can mood symptoms be improved by medication? 
 depression, apathy 



 Dopamine replacement medication can worsen some 
cognitive functions early in Parkinson’s disease. 
 Caveat:  These changes are very small and would 

not justify stopping medications that are highly 
effective in improving movements and other 
thinking functions. 

 Could reducing med doses at times when these 
functions are needed lead to overall improved 
performance.  
 



 At later stages of Parkinson’s disease, this profile of 
thinking problems, and the effect of dopaminergic 
medication on thinking, changes. 

 more pronounced effect on day to day function 
 More research is needed to fully understand.  



 weak evidence that cognitive training (e.g., 
computerized games, Sudoku, puzzles) can slightly 
improve thinking in Parkinson’s disease 

 stronger evidence that physical exercise (e.g., cycling ) 
can improve thinking in Parkinson’s disease modestly 
 



 review medications to see if those that worsen 
thinking can be minimized or eliminated (e.g., 
sedatives, anticholinergic medication) 

 Medications that have been shown effective in 
Alzheimer’s dementia produce mild to moderate 
improvements in Parkinson’s disease dementia 
 Rivastigmine (Exelon) 
 Donepezil (Aricept) 
 Galantamine (Reminyl) 
 Weak evidence Memantine (Ebixa). 



 Thinking is affected at all stages of Parkinson’s 
disease but the precise profile is not yet completely 
worked out. 

 Dopaminergic medications given for the motor 
symptoms of Parkinson’s disease help some aspects of 
thinking but can slightly worsen others. 



 At later stages of Parkinson’s disease, thinking 
symptoms can become more pronounced leading to 
problems with day to day function. 

 Physical exercise and possibly thinking exercises can 
improve thinking performance in Parkinson’s disease. 

 Medications that have been used in Alzheimer’s 
dementia can also be beneficial (though 
improvements are modest) for Parkinson’s disease 
dementia.  

 Better understanding of cognitive problems and brain 
changes that produce these deficits are needed to help 
find new therapies. 
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