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Memory and motivation
In healthy young and older people, and patients with brain disorders

• How do memory and motivation alter with aging?

• What happens in Parkinson’s, Alzheimer’s and small vessel cerebrovascular disease?

• Can we detect these conditions earlier?

• Can we develop new treatments?



Published research
All free to access from our website   www.masudhusain.org

§ Since 2012: 116 papers in scientific journals
§ Google: Cognitive Neurology Oxford

§ A textbook of Cognitive Neurology
§ Clinical guidelines on diagnosis of apathy

§ 14 successful PhDs
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A very international team
Psychologists, neurologists and neuroscientists



Reduced motivation in Parkinson’s Disease

Olivia Plant and Annika Kienast



1 What is reduced motivation?

• Affects ~40% of PD patients

• Multidimensional syndrome

• Can negatively impact:

- cognition
- quality of life
- family burden

à Clinical apathy



2 What did we find?
• 42 PD patients and people who know them well (e.g. spouse)
• Interviews conducted separately!

On average, spouses report higher apathy in the 
patient than patients themselves
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What predicts discrepancy between patient and 
spouse reports?

Depression and anhedonia (lack of pleasure)



3 Are there any treatments for apathy?

No approved treatments for reduced motivation

• Some drug treatments but none proven to work in all cases

• Cognitive Behavioural Therapy (CBT) is an effective treatment for 
depression, anxiety (NICE recommended)

à maybe also useful for apathy?
à we have started a study to investigate CBT in PD apathy



3 Cognitive Behavioural Interventions

• Can help change how we think ‘cognitive’ and what we 

do ‘behavioural’

• Not diagnosis driven

• Individualised treatment model

• Bridges psychological theory and patient’s experiences

à Enables us to conceptualise and contextualise apathy 

for each individual

• What contributes to and maintains apathy?
Cognitive and behavioural factors
Physical, affective and systemic factors

Feelings

Physical 
sensations

Thoughts

Behaviours



4 Conclusions

• There isn’t one ‘truth’, reports are subjective
à Important to look at both patient and spouse report

• Low mood and anhedonia (lack of pleasure) can explain discrepancies 

àThese findings could help us to guide individualised treatment 

• CBT is proving to be an effective treatment for apathy in PD in the first 
patients we are seeing in this study
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Apathy in Parkinson’s 
disease

Youssuf Saleh 
31st October 2018



Apathy

• Debilitating syndrome that is increasingly common in PD

• Mechanism not well understood
• Conceptualised as a disorder of motivated behaviour



Motivated 
behaviour 

and the 
reward circuit SNc



What did we 
do? 

• Recruited 41 patients with PD .
• Categorised them into those with and without 

apathy.
• Tested on an effort based decision making task 

on and off dopamine.
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Key finding 1: Apathetic participants accept less 
offers overall. 



Key finding 2: Apathy is characterised by increased rejection of 
low reward



Key finding 3: Dopamine increases preference for 
high effort, high reward conditions. 



Summary 

• Both Apathy and Dopamine influence motivated behaviour, but in 
different ways. 
• Apathy reduces preference to low rewards
• Dopamine increases preference towards high effort and high rewards. 



Next questions? 

• Can we demonstrate that the signature of 
apathy is similar in other conditions? 

• What other neurotransmitters can be 
responsible for this behaviour? 
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Acetylcholine

A missing link in 
Parkinson's disease?

Sanjay Manohar



Dopamine

• Required for initiating voluntary 
movement

• Reward, learning and motivation



A disorder of dopamine

• Reduced dopamine levels 

• Supplementation with Levodopa

• Blocking acetylcholine improved tremor



Acetlycholine neurons lost in many diseases

Reduced acetylcholine binding in 16% of PD without cognitive impairment

Pepeu & Giovannini Brain Res 2017

Shah et al. Mov Disord 2016

Alzheimer’s disease

Traumatic brain injury

Alcohol-related brain disease

Parkinson’s disease



Cognitive effects of acetylcholine

• Stimulant – Alertness

• Reinforcer

• Memory formation

• Anxiety

• Tremor

• Sleeplessness



Cognitive effects of acetylcholine

• PD patients with cognitive 
problems
• Improved: Basic bedside tests 

of word recall, word-finding, 
orientation

• How does it work?

• Theory: 
• Sustaining attention
• Boosting motivation 
• Synergy between Acetylcholine 

and Dopamine
Dopamine

Acetylcholine



How does acetylcholine affect learning?

• Game
• Learn to choose between two options
• Rewarded or not

• Faster learning

• But only situations of uncertainty

• Driven by greater responses to winning, 
not losing

Stable Variable
Suggestive of interaction between 
acetylcholine and dopamine



Future research

• In which people is acetylcholine helpful?

• Is dosage and timing critical?

• Can acetylcholine treat apathy?

• How does treatment with acetylcholine interact with dopamine medications?



Short-term memory
Is commonly affected in Parkinson’s disease

• We’ve developed new ways to measure visual short-term memory

• We can measure how memories fade over seconds, whether people can protect 
memories from distracting information or update them with new information

• Examine the effects of dopamine medications on these aspects of memory

• These methods can also be used to detect short term memory deficits in people at 
high risk of developing Parkinson’s
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Fading of short-term memory over just a few seconds
Varies with the number of items we have to hold in memory
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ON vs OFF dopamine in Parkinson’s disease
Dopamine improves recall in both ignore and update conditions

versus shorter trials (t(34) = 4.80, P < 0.001), but there was no
such effect in controls (t < 1). Comparing the groups, PD
patients did not have significantly lower kappa values com-
pared to controls for long (t(34) = 1.71, P = 0.10) or short dura-
tion trials (t < 1). There was no significant interaction between
time and presence of irrelevant information (F < 1). There was
no main effect of disease and it did not significantly interact
with any other variable and no other effects were significant
(F < 1). It should be noted that equivalent nonparametric tests
produced the same results as the parametric analyses. Wilcoxon
signed-rank tests revealed that patients had significantly higher
kappa values for longer, compared with shorter, duration trials
(Z = 3.26, P = 0.001). However, there was no such significant
effect of duration in controls (Z = 1.39, P = 0.163). A between-
subject comparison of the effect of duration on kappa values for
patients and controls (Mann–Whitney U), also revealed a signifi-
cantly greater effect of duration (long minus short) on kappa val-
ues for patients compared to controls (Z = 2.61, P = 0.009).

Other Parameters in the Model
There were no effects of PD on the other model parameters
representing the probability of responding to the target, mis-
binding or guessing (Fig. 4; Supplementary Materials).

In summary, these results suggest that the differential cost
of time on WM fidelity in PD versus controls is due to changes
in the underlying concentration of responses around memo-
randa (kappa). In patients, the precision of information decayed
with longer maintenance durations on our task, whereas this
effect was absent in older adults. Importantly, there were no
significant differences between PD patients and controls for
updating or ignoring information.

Dopamine has Specific Positive Effects on WM
Performance

How does dopamine affect WM performance? Does it have its
effect on updating, ignoring or only on maintenance duration? In
PD patients, we examined within an ANOVA the effects of drug
state (ON vs. OFF), temporal retention period and the presence
of irrelevant information (ignore/update vs. simple maintain).
Medication did not have a main effect on raw recall error (F1,20 =
1.27, P = 0.27). Crucially, however, dopamine affected perfor-
mance according to the presence or absence of irrelevant

information (F1,28 = 6.13, P = 0.019; Fig. 5A,B). Specifically, dopa-
mine improved performance on trials that contained irrelevant
information, i.e., both the ignore and update trials (F1,19 = 4.41, P
= 0.049). Importantly, being ON, compared to OFF, dopamine had
no effect on performance on the trials in which information only
had to be retained (F < 1). We also examined the correlation
between drug-induced improvement on ignoring (minus its con-
trol) and drug-induced improvement on updating (minus its con-
trol). This revealed that, across patients, there was no significant
relationship between the 2 drug effects (rho = 0.275, P = 0.252).

As noted previously, performance was significantly affected
by retention period (F1,19 = 32.18, P < 0.001), but crucially this
was not modulated by drug (F < 1). Conditions with irrelevant
information (ignore and update) were associated with worse
performance than simple maintain trials (F1,35 = 6.94, P = 0.012).
Drug did not significantly affect the interaction between irrele-
vant information and retention period (P = 0.32). Neither UPDRS
nor equivalent l-dopa dose modulated the above effects
(Supplementary Materials).

Modeling: Dopamine Protects WM from Irrelevant
Information by Reducing Guessing

Next, we sought to dissect out the sources of error that patients
made using model parameters. We investigated the effect that
drug had on conditions with irrelevant information (ignore and
update) and conditions without irrelevant information (main-
tain only). Thus, to ensure we had sufficient numbers of trials,
we collapsed across conditions, comparing trials with irrele-
vant information to maintain only trials. For kappa, the con-
centration parameter, there was no significant main effect of
drug, presence of irrelevant information or interaction between
drug and the presence of irrelevant information (Fs < 1; Fig. 6A).
Thus, the effect of drug on raw recall error (Fig. 5A) could not
be due to changes in kappa (variability of response).

For the probability of responding to targets (Fig. 6B), there
was again no significant main effect of drug (F1,18 = 0.289, P =
0.29), but irrelevant information did significantly affect this
parameter. Irrelevant information (update and ignore trials)
significantly diminished the probability of responding to the
target orientation (F1,18 = 5.20, P = 0.035); and this was signifi-
cantly modulated by drug (F1,18 = 7.80, P = 0.012). This was due
to drug increasing the chances of responding to the target ori-
entation when there was irrelevant information (t(18) = 2.25,

Figure 5. Performance for PD patients ON and OFF dopaminergic medication. (A) Mean angular error for patients ON and OFF their medication on all four tasks. Long dura-
tion retention involved ignore and its maintain control while short retention was required in the update condition and its maintain control. (B) Mean angular error of trials
in which information only had to be maintained (T1 and T2) compared to trials in which irrelevant information had to be dealt with actively (ignore and update).
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REM sleep behavioural disorder (RBD)
Associated with a very high risk of developing Parkinson’s

N=21 N=26



Thanks to you for listening and contributing
And thanks to the team and our funders for moving this research forward 


