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Abstract 

Background: Persons with Parkinson’s (PwP) may develop Impulsive-

compulsive behaviours (ICBs) as side-effect of dopamine replacement therapy 

(DRT). The unresolved question addressed by this thesis is why only some PwP 

develop ICBs. This is an important clinical question that impacts on other 

populations, and has implications for incentive-driven decision-making theories. The 

thesis objectives are to integrate and extend the body of knowledge using systematic 

reviews, meta-analyses and original studies. The guiding framework is the use of 

multiple levels of analyses that include behavioural correlates (cognition, mood and 

motivation), brain circuits and neurophysiology. The underlying premise is that for 

any feature to be a reliable marker, it should be evident across multiple levels of 

analyses. 

Method: Study 1 is a behavioural small-scale study of ICBs correlates that 

informs Study 3; Study 2 is a meta-analysis of behavioural correlates of ICBs; Study 

3 is a behavioural multicentre replication study; Study 4 is a pilot neurophysiological 

study; Study 5 is a systematic review of structural and functional neural correlates of 

ICBs; Study 6 is a meta-analysis of striatal dopaminergic neurotransmission in ICBs. 

Results: First, ICBs showed reduced negative feedback processing in the 

behavioural small-scale study, but not in the multicentre and in the 

neurophysiological studies. Second, ICBs showed increased functional activity and 

dopaminergic neurotransmission in reward processing brain areas in the systematic 

review and in the meta-analysis. Third, ICBs showed poorer cognitive control in the 

behavioural meta-analysis and in the multicentre study. The systematic review 

evidenced reduced frontostriatal connectivity, important for cognitive control. Forth, 
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ICBs showed increased depression in all behavioural studies. Fifth, ICBs showed 

reduced dopamine transporter binding in the meta-analysis.  

Conclusions: This thesis partially addressed the objective of understanding 

why only some PwP develop ICBs. A longitudinal study is required for understating 

whether correlates reflect pre-existing traits, DRT-related changes or both. 
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Chapter 1 Overarching Thesis Aim 
and Rationale 

 
 

Thesis aim  

Persons with Parkinson’s (PwP) may develop one or more impulsive-

compulsive behaviours (ICBs) during their condition. Prevalence of ICBs in 

medicated PwP ranges between 5.9% and 58%. Since ICBs are a side-effect of 

dopamine replacement therapy (DRT) and the majority of PwP are medicated with 

DRT, the unresolved question is why only a subset of PwP develop ICBs. The first 

step towards addressing this question is the identification of neural and 

psychological (cognitive, affective and motivational) correlates of ICBs in already 

diagnosed cases; the second step will be to track these correlates over time in a 

longitudinal study of newly diagnosed PwP as they start DRT. The purpose of this 

thesis is to address the first step of identifying psychological and neural correlates of 

ICBs. 

 

Thesis rationale 

The unmet need 

ICBs are a range of behaviours characterized by the inability to resist an urge, 

drive, or temptation to perform an act that are the cause of significant distress to the 

individual concerned and/or their close family member (American Psychiatric 

Association, 2013). Terminology regarding ICBs in Parkinson’s disease (PD) differs 

between studies and specialist centres (e.g., impulse control and related disorders, 

impulse control disorders and related behaviours, impulsive compulsive behaviours, 
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impulse control behaviours) (Erga, Alves, Tysnes, & Pedersen, 2020; Gatto & 

Aldinio, 2019; Hurt et al., 2014; Okai et al., 2013; Voon et al., 2017; Weintraub & 

Claassen, 2017; Weintraub, David, Evans, Grant, & Stacy, 2015). In general, ICBs 

comprise the four main impulse control disorders (ICDs) and other repetitive and 

compulsive behaviours (Voon et al., 2017; Weintraub & Claassen, 2017; Weintraub 

et al., 2015). ICDs include gambling disorder, when the impulse to gamble cannot be 

resisted with potentially devastating financial consequences; hypersexuality, when 

sexual urges become intense and may result in excessive requests for sex from a 

partner, promiscuity, or compulsive pornography use, and might be felt at 

inappropriate times leading toward social isolation; compulsive shopping, when the 

urge of shopping cannot be resisted and may result in buying what it cannot be 

afforded or needed; and binge eating, when loss of control over food craving causes 

consumption of large amount of food in a short period of time, and over-time may 

lead to malnutrition. Other repetitive and compulsive behaviours included in the 

ICBs category are punding and hobbyism, which are stereotyped behaviours 

characterized by an intense fascination with a simple (punding; e.g., assembling and 

disassembling objects) or complex (hobbyism; e.g., gardening, painting) non-goal 

oriented, repetitive and excessive activity. While performing the act, physiological 

needs such as hunger and sleep, as well as social responsibilities such as work and 

family are neglected. In some cases, PwP develop dopamine dysregulation syndrome 

(DDS), which is a pattern of compulsive dopaminergic medication use in excess of 

the dose required to adequately control motor symptoms. As a result, marked 

dyskinesia, motor fluctuation and hypomania can be developed and in the longer-

term emergency psychiatric admission may be required. PwP may experience 

feelings of guilt or shame for these behaviours when perceived in conflict with a 
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person’s belief and personality (i.e., ego-dystonic), whilst carers often show high 

levels of caregiver burden (Leroi, Harbishettar, et al., 2012). In the longer-term, 

ICBs may result in financial problems and debt, relationship discord and breakdown, 

social isolation, anxiety and depression, poorer health outcomes, and poorer quality 

of life. It has been proposed that when they impact significantly on social and 

occupational functioning, they warrant the term “disorder” (Okai et al., 2016). 

 ICBs exist across a spectrum of clinical severity. Clinically significant ICBs 

are defined as behaviours that impact on social and/or occupational functioning. 

Non-clinical ICBs (or subclinical ICBs) refers to a change in behaviour – either an 

exacerbation of previous behaviours or their novel occurrence – which is not per se 

sufficient for affecting social and/or occupational functioning. Prevalence of ICBs in 

medicated PwP ranges between 5.9% and 58%. Reasons for the wide range of 

prevalence reported include between-studies variability in ICBs diagnostic 

procedures with some studies only reporting clinically significant ICBs (confirmed 

by clinical interview), whereas in others the outcomes of the screening instrument 

used were not confirmed by the neurologist therefore overestimating the real 

prevalence by also including subclinical ICBs and/or false positives. In some studies 

lifetime prevalence has been reported (i.e., ICBs present at any time of individuals 

life), whereas in other studies only current prevalence has been considered (i.e., 

ICBs present only at the time of the assessment). Furthermore, in some studies not 

all ICBs types have been assessed therefore potentially underestimating the real 

overall prevalence. Other reasons include environmental (e.g., availability of 

performing the behaviour such as Casino availability) and cultural factors (e.g., 

stigma), and medication practices (type and dosage of DRT, with some medications 
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increasing further the risk of ICBs – see section “Impulsive-compulsive behaviours 

and Parkinson’s disease medication”, page 59).  

ICBs are recognised as side-effects of D2/3 dopamine agonist treatment and, 

to a lesser extent, levodopa and other PD-related medications such as amantadine 

and monoamine oxidase-B inhibitors (MAO-B). This is apparent from retrospective 

case reports and prospective studies showing that ICBs onset, reduction or resolution 

covary with DRT (Mamikonyan et al., 2008; Seedat, Kesler, Niehaus, & Stein, 

2000). Furthermore, ICBs prevalence rates in PwP under DRT are higher than the 

ones reported in de novo PwP (i.e., drug naïve) (~17%) and in healthy older adults 

(~11%) (Antonini et al., 2011; Erga, Alves, Larsen, Tysnes, & Pedersen, 2017).  

ICBs are thought to originate from underlying changes to dopamine activity 

in the brain areas that regulate incentive-driven decision-making thereby resulting in 

unbalanced reward-seeking behaviours. The suggested hypothesis about ICBs 

pathophysiology comprise overactivation or overdose of the mesolimbic 

dopaminergic system which modulates responses to rewards (Voon, Mehta, & 

Hallett, 2011), heightened sensitivity for endogenous and exogenous dopamine of 

postsynaptic receptors (Prieto et al., 2011; Vriend, 2018), differences in binding 

profiles across DRT types (Gerlach et al., 2003; Weintraub et al., 2010), or altered 

equilibrium of the phasic dopamine, resulting in impairments in negative feedback 

processing (Frank, Seeberger, & O’Reilly, 2004). 

Reward-seeking behaviours can rapidly escalate to clinical ICBs within few 

months after commencing DRT, or in some cases the onset is more insidious taking 

up to 5 years to develop (Corvol et al., 2018).  

The ICBs management mainly focus on changing DRT; however, in many 

cases this is not effective or may be not feasible due to the worsening of motor 
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symptoms (National Institute for Health and Care Excellence, 2017). Alternative 

strategies have been explored such as Cognitive Behavioural Therapy (CBT) (Okai 

et al., 2013) or subthalamic deep brain stimulation (DBS) (Lhommée et al., 2012). In 

a small-scale randomized controlled trial comparing 12 sessions of CBT vs. a 

waiting list control condition, the frequency and impact of the ICBs were 

significantly reduced over the 6-month period in the treatment group. Despite the 

promising results, the study needs to be replicated in a separate larger sample of PD 

and with longer (>6 months) follow-up (Okai et al., 2013). In a prospective 

investigation of 63 PwP who were assessed before and 1 year after subthalamic 

DBS, all cases (30 PwP) of preoperative ICBs were resolved at the 1-year follow-up 

after surgery, probably mainly as result of reductions in DRT. However, subthalamic 

DBS should be cautiously considered as 18/30 PwP with preoperative ICBs 

developed apathy during the postoperative year. Further studies with larger sample 

size are required in order to considered subthalamic DBS as a possible treatment for 

ICBs.  

The size of the problem 

According to Parkinson’s UK (2018), the estimated prevalence of PwP in the 

UK is 145,519 individuals and up to 58,208 of those (40%) could be positive for 

ICBs now, or have been in the past (Erga, Alves, Tysnes, & Pedersen, 2019). Since 

the world’s population is aging, these figures are predicted to rise in the next years. 

The number of PwP in the UK is expected to reach 168,582 individuals in 2025 and 

256,609 in 2065, which will in turn result in increased number of PwP with ICBs 

(Parkinson’s UK, 2018).  

PD is the second most common neurodegenerative disorder and, considering 

the healthcare costs associated, the fourth most expensive neurological disease 
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(Andlin-Sobocki, Jönsson, Wittchen, & Olesen, 2005). A cost-of-illness study 

suggests that direct costs include consultations, diagnostics, call and ambulance, 

emergency and inpatient services and medication (estimated £1,285,354 to the 

National Health System (NHS) and £161,920 to PwP as out-of-pocket expenses), 

whereas indirect costs include employment earning loss, productivity loss and sick-

leave, early retirement, anxiety, depression, pain, caregiver burden. On the top of the 

direct and indirect costs, ICBs resulted in heavy out-of-pocket expenditure with 

some respondents reporting over £10,000 expenses on reward-seeking activities such 

as gambling and shopping. To control for ICBs, PwP had purchased over the counter 

medications or supplements. ICBs contribute to the indirect costs through increased 

psychiatric comorbidity, functional impairment, and caregiver burden (Gumber et 

al., 2017).  

Given the negative consequences of ICBs, the number of persons affected 

and the lack of treatment available, the best strategy should be preventing them. 

However, we do not know who are the PwP at risk of developing one or more ICBs, 

because, in the first place, we lack of a clear understanding of the mechanisms 

supporting ICBs.  

 

Gaps in the literature 

Previous studies of neural and psychological correlates of ICBs have been 

inconsistent in their findings. This because most of the studies are constrained by 

small sample size, and therefore low statistical power. Clinical characteristics of the 

studies’ sample are heterogenous in terms of PD severity stage and progression, PD 

duration, age at evaluation, dopaminergic medication type and doses, all factors 

associated with ICBs. Other conditions such as dementia and substance abuse are not 
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always excluded, despite both conditions being independently associated with 

cognitive and neural changes. Finally, ICBs diagnostic criteria used are not uniform 

across studies, with some only using screening questionnaires without confirming 

ICBs presence by clinical interview thereby possibly inflating the number of ICBs 

false positives. 

 

Implications 

There are three related reasons why research on the neural and psychological 

correlates of ICBs is needed now: i) a better understanding of ICBs pathophysiology 

will inform psychological intervention and potentially drug treatments, ii) findings 

from i) may have a transdiagnostic application to ICBs arising in other conditions 

such as restless leg syndrome, fibromyalgia and addiction in non-PD population, and 

iii) if ICBs are related to deficiencies in incentive-driven decision-making, then this 

population will provide a means for testing the validity of cognitive and neural 

models of incentive-driven decision-making in the healthy population.  

Each of these points are explored in greater depth in the following section.  

 A better understanding of ICBs correlates will inform psychological 

intervention and potentially drug treatments. ICBs provide many challenges for 

the PwP, their caregivers, and treating clinicians. When diagnosed with PD, PwP and 

caregivers have to face the immediate and longer-term psychological and physical 

impact of being told they have an incurable neurodegenerative condition, that will 

lead to increasing physical disability and cognitive decline. On the top of that, the 

mainstay medication used to improve motor symptoms is also responsible for 

triggering disruptive behaviours that affect occupational functioning, personal 

finances, interpersonal relationship, increase caregiver burden, and in extreme cases 
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can lead to severe financial and legal consequences. Clinicians have to face the 

reality that ICBs are triggered by the DRT prescribed, there is no way to know who 

is going to develop ICBs and, once developed, there are no treatment options 

available other than modifying DRT type. 

In the UK, the current National Institute for Health and Care Excellence 

(NICE) guidelines advise clinicians to 1) increase health literacy about ICBs by 

giving people and their family members and carers (as appropriate) oral and written 

information about the increased risk of developing ICBs when taking DRT, and that 

these may be concealed by the person affected; 2) who to contact if ICBs develop; 

and, 3) discuss potential ICBs at review appointment, particularly when modifying 

therapy (National Institute for Health and Care Excellence, 2017).  

However, in the clinical practice ICBs are generally under-recognised as 

people seldom report them spontaneously to their treating clinicians (Perez-Lloret, 

Rey, Fabre, Ory, Spampinato, Montastruc, et al., 2012); PwP may be motivated to 

conceal ICBs due to embarrassment or shame, or may be ambivalent regarding 

ceasing the behaviour (Weintraub, 2020), or may lack awareness of their ICBs as 

supported by discrepancy between PwP and the knowledgeable informant reports 

(Baumann-Vogel, Valko, Eisele, & Baumann, 2015). Assessment of ICBs can 

require more time than recognised in routine appointments, which are mainly 

focused on discussing the effectiveness of DRT in controlling motor or other co-

occurring non-motor symptoms; this because the progressive course of the PD 

requires to adjust the DRT based on the worsening of the symptoms. For all these 

reasons, early detection of ICBs is complicated and they may come to the clinical 

attention only once are fully developed, attached and their negative consequences 

irremediable.   
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Once the treating clinician is aware of the ICBs, management consists in 

either reducing the dose or switching to another DRT type. A work of Samuel et al. 

(2015) reviews ICBs management approaches pointing out that DRT change may be 

complicated by motor symptoms worsening and — if PwP are under dopamine 

agonists — by the development of dopamine agonist withdrawal syndrome (DAWS). 

DWAS symptoms resemble those of other psychostimulant drugs withdrawal 

syndromes (i.e., panic attack, agoraphobia, anxiety, depression, dysphoria, 

diaphoresis, fatigue, pain, orthostatic hypotension, and drug craving) and do not 

respond to substitution with levodopa or other DRT types.  

In some cases, ICBs can persist or relapse in subclinical forms even if the 

DRT has been modified; when DRT changes are not effective, NICE guidelines 

advise clinicians to offer specialist cognitive behavioural therapy targeting at ICBs. 

However, since the first attempt to manage ICBs to the decision to start non-

pharmacological therapies, months could have passed and the behaviour could have 

become attached and more difficult to treat. Even if successfully treated, some 

negative consequences are irreversible; compulsive buyers or gamblers could have 

already lost large amounts of money and PwP with hypersexuality could have 

broken social relationships and experienced social retirement.  

As described so far, the reactive approach promoted by the NICE guidelines 

is inadequate and a shift toward a preventive approach is required. Patients at risk of 

ICBs should be early identified, carefully monitored and, if subclinical changes 

emerge, they may be offered psychological therapies.  

With improved understanding of neural and psychological correlates of ICBs, 

novel agents and non-pharmacological treatments may be identified. To date, there is 
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no effective treatment for ICBs as add-on therapies and psychological interventions 

lack evidence on effectiveness (Samuel et al., 2015; Seppi et al., 2019, 2011). 

 Findings related to neural and psychological correlates of ICBs may 

have a transdiagnostic application to ICBs arising in other conditions such as 

restless leg syndrome, fibromyalgia and addiction in non-PD populations. For 

example, low doses of dopamine agonists and levodopa are effective in the treatment 

of restless legs syndrome, and dopamine agonists are also used off-label for treating 

fibromyalgia. In both conditions, some treated individuals develop ICBs (Cornelius, 

Tippmann-Peikert, Slocumb, Frerichs, & Silber, 2010; Holman, 2009; Voon, 

Schoerling, et al., 2011). These disorders, as well as behavioural addictions in 

general populations, may share some pathophysiological mechanisms, neural circuits 

and cognitive processes, and may respond to similar interventions that target these 

common underlying mechanisms (Yücel et al., 2018). This is in line with the 

Research Domain Criteria (RDoC) framework promoted by the US National Institute 

of Mental Health (NIMH) and by the American Psychiatric Associations (Insel et al., 

2010). The RDoC framework assumes that behaviours such as reward-seeking exists 

on a continuum that spans the full range of normal human behaviour, with varying 

degree of dysfunction cutting across traditional diagnostic boundaries e.g., bipolar 

disorder, attention deficit hyperactivity disorder, obsessive-compulsive disorder, 

addiction, and by implication also ICBs. The final aim is to provide novel insights 

into etiological and maintenance processes which may be shared across conditions. 

The RDoC framework does not substitute the Diagnostic and Statistical Manual for 

Mental Disorders 5th edition (DSM-5) (American Psychiatric Association, 2013) 

used for disease diagnosis, but represents a complementary framework; as findings 

emerge from research conducted under the RDoC framework, they will be fed into 
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future versions of the DSM which will improve care for individuals with mental 

disorders. Therefore, research on ICBs in PD may have a wider clinical impact and 

its transdiagnostic value grounds on an approach promoted by the clinical and 

scientific community.   

If ICBs are related to deficiencies in incentive-driven decision-making, 

then this population will provide a means for testing the validity of cognitive 

and neural models of incentive-driven decision-making in the healthy 

population. Incentives are outcomes that are associated with a specific behaviour, 

and are assumed to motivate that behaviour. Incentives can be positive or negative, 

such as achieving a gratification or avoiding a punishment. In everyday life we 

constantly take decisions based on incentives and ICBs in PD provide the 

opportunity to look at the dynamic of the processes involved in the incentive-driven 

decision-making. In ICBs in PD decisions are mainly driven by rewards. For 

example, a PwP with compulsive shopping would fail to control his urge of buying 

unnecessary items being his decisions mainly driven by immediate gratifications, 

that over-time may result in huge loss of money. A PwP with binge eating would fail 

to control himself from eating tasty but rich in fat food, that over-time may result in 

obesity. Therefore, ICBs in PD can be used as clinical model for testing whether 

patterns of performance are predicted by the current understanding of the mechanism 

supporting incentive-driven decision-making.  

In summary, research on ICBs in PD has both clinical and scientific 

relevance. ICBs are a problem for PwP, carers and clinicians, but are also an 

opportunity for shedding light into addictive behaviours in non-PD population and 

for understanding incentive-driven decision-making processes.  
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Theoretical model 

In this thesis, mechanisms supporting ICBs in PD have been investigated 

using a conceptual framework of incentive-driven decision-making (Sinha, Manohar, 

& Husain, 2013) (detailed information is provided in chapter 3, Study 1). In this 

framework, incentive-driven decision-making has been split in several stages: option 

generation, option selection, action initiation or inhibition, and learning (Sinha et al., 

2013). The value of this framework is that it includes, in a comprehensive way, 

several models of incentive-driven decision-making that alone only account for a 

specific process involved. For example, the ‘option selection stage’ includes 

incentive salience (Berridge & Robinson, 1998, 2016) and temporal discounting 

(Myerson, Baumann, & Green, 2014; Myerson & Green, 1995) theories, whereas the 

‘action initiation or inhibition stage’ include the model of competition 

between action and inhibition processes in the direct and indirect pathways (Cilia & 

van Eimeren, 2011). Finally, the ‘learning stage’ involves reward prediction error 

used in reinforcement learning models (Frank et al., 2004; Holroyd & Coles, 2002; 

Pessiglione, Seymour, Flandin, Dolan, & Frith, 2006). Importantly, it has been 

proposed that processes in each of these stages may be modulated by dopamine, with 

higher levels leading toward reward-driven behaviour and lower levels leading 

toward apathy, based on the concept of an ‘inverted U’-shaped relationship between 

the level of dopamine and a cognitive function (Cools, Altamirano, & D’Esposito, 

2006). Furthermore, factors other than dopaminergic modulation such as depression 

and anxiety can influence processes within each stage. 

Picture a young woman who wants to buy a new car. To achieve her goal, she 

might decide to saving money regularly. Every time she goes for shopping, she 

might wonder whether to buy new items or not and, if needed, whether to buy the 



 
 

13 

cheapest ones (option generation). She might hesitate, thinking she needs those 

things. However, she might also think that if she does not save money, she will not 

be able to buy the car or she will do it in a longer time than planned. Our daily life is 

rich in similar situations, such as following a particular diet and refrain from eating 

tasty but rich in fat foods, or studying for an exam instead of hanging out with 

friends. Each decision made to engage in a specific activity is the result of weighing 

up the predicted reward value of following that particular goal, traded-off against the 

effort involved in achieving the goal, the risk involved and the time to outcome 

delivery, versus the alternative option(s) that are not pursued (option selection stage) 

(Botvinick & Braver, 2015; Sinha et al., 2013). Once the behavioural option has 

been selected, the behaviour has to be implemented or inhibited if the wider context 

changes and the chosen behavioural option is no longer advantageous (action 

initiation or inhibition stage). Once the behaviour has been acted, the real outcomes 

are compared with the predicted ones; such comparison is important for decisions 

that will be taken in the future (learning stage). It has been suggested that each of 

these stages can be modulated in some extent by dopamine (Sinha et al., 2013). 

In this thesis, ICBs in PD have been investigated using the incentive-driven 

decision-making framework proposed by Sinha et al. (2013) (see Chapter 3, Study 

1). The final aim is to comprehend what mechanism (or mechanisms) are affected in 

PwP with ICBs. 

 

Thesis Framework 

The guiding framework of this thesis is the use of multiple levels of analyses, 

which include behavioural (cognition, affective and motivation), brain circuits and 

neurophysiology for investigating ICBs in PD; this means that the same 
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phenomenon has been investigated from different points of view with the final aim 

of looking at convergence across them. The underlying premise is that for any 

feature to be a reliable marker of ICBs, it should be evident across multiple levels of 

analyses. Changes in behaviours (e.g., reward-seeking attitude) should be 

accompanied by changes in the brain areas supporting these processes. When 

changes are evident only at one level, but not in the others, their reliability as 

indicators of ICBs should be questioned. This approach is consistent with other 

approaches such as the one used by the RDoC framework (Insel et al., 2010).  

In this thesis, the existing body of knowledge has been integrated and 

extended using systematic review, meta-analysis and empirical studies. 

The levels of analyses included in this thesis are behavioural (measured by 

cognitive tasks and self-report questionnaires – studies 1, 2 and 3 using two 

empirical studies and one systematic review and meta-analysis – reported in chapter 

3), neurophysiological [measured by electroencephalography (EEG) and event-

related potentials (ERPs) – study 4 using one empirical investigation - reported in 

chapter 4] and brain circuits [measured by Positron Emission Tomography (PET), 

Single Photon Emission Tomography (SPECT), Voxel-based morphometry (VBM), 

Diffusion Tensor Imaging (DTI), and resting-state functional magnetic imaging (rs-

fMRI) – studies 5 and 6 using one systematic review and one systematic review and 

meta-analysis – reported in chapter 5]. In the final chapter of this thesis (chapter 6) 

the findings of this thesis are integrated. 

 A summary of the studies included in the thesis is provided in Figure 1.1. In 

the general discussion of the thesis (Chapter 6), the right-hand side of the diagram 

will be completed with the main findings.
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Figure 1. 1 Summary of the studies included in the thesis.  PD: Parkinson’s disease; 

ICBs: impulsive-compulsive behaviours; IDDM: incentive-driven decision-making; 

FRN: feedback-related negativity.  
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Chapter 2 Introduction 
 

This chapter provides a literature review of the epidemiology, 

pathophysiology, risk factors, diagnosis and management of Parkinson’s disease 

(PD) (part 1) and Impulsive-compulsive behaviours (ICBs) (part 2).  

 

Part 1: Parkinson’s disease 

PD is an incurable, chronic, progressive neurological disorder that is 

characterized by the motor symptoms of bradykinesia, tremor at rest, rigidity, and 

postural instability (see section “Motor symptoms”, page 26). The condition was first 

described as neurological syndrome by James Parkinson in 1817, and 50 years later 

was named “Parkinson’s disease” by the French neurologist Jean-Martin Charcot 

[for a review on the history of PD see (Goetz, 2011)]. The first descriptions of the 

disease mainly focused on motor characteristics; however, it is now well known that 

non-motor symptoms frequently co-occur (see section “Non-motor symptoms”, page 

27).  

 

Epidemiology 

PD is the second most common neurodegenerative condition after 

Alzheimer’s disease. In 2016, a systematic analysis of the literature estimated that 

there were 6.1 million people with Parkinson’s (PwP) worldwide (2.9 millions of 

whom were females and 3.2 millions were males), compared with 2.1 million in 

1990 (Ray Dorsey et al., 2018). The disease prevalence reflects both the incidence 

and the duration of a disease; the first is related to risk and protective factors (see 

section “Aetiology”, page 20), the latter is related, at least in part, to longevity. 
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However, the age-standardised prevalence rates increased by about 22% (similarly in 

males and females), therefore suggesting that the number of PwP is not only related 

to the increased number of older people, but other factors may play a role (e.g., 

greater awareness of diagnosis, availability of higher quality studies) (Ray Dorsey et 

al., 2018). Age-standardised prevalence is higher in North-America and in western 

Europe (with similar prevalence in the UK and in Italy), and lower in eastern 

Europe, Asia, Australia and Africa (see Figure 2.1).  

 

 

Figure 2. 1 Age-standardised prevalence of Parkinson’s disease per 100,000 

population by location for both sex, 2016. ATG: Antigua and Barbuda; FSM: 

Federated States of Micronesia; LCA: Saint Lucia; TLS: Timor-Leste; TTO: 

Trinidad and Tobago; VCT: Saint Vincent and the Grenadines. Reprinted under the 

terms of the Creative Commons CC-BY license from Ray Dorsey et al. (2018). 

 

The mean age of PD onset is about 60 years; in 5-7% of cases onset is 

between age 20 and 40, and is classified as “young-onset PD” (Mehanna & Jankovic, 

2019). Prevalence increases with age, roughly doubling with every decade after age 
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50 (global prevalence data is presented in Table 2.1) (Pringsheim, Jette, Frolkis, & 

Steeves, 2014). PD is more prevalent in men than women (Georgiev, Hamberg, 

Hariz, Forsgren, & Hariz, 2017; Hirsch, Jette, Frolkis, Steeves, & Pringsheim, 2016; 

Ray Dorsey et al., 2018), although no differences have also been reported 

(Pringsheim et al., 2014). 

 

Table 2. 1 Prevalence of Parkinson’s disease across age. Reprinted under permission 

from Pringsheim et al. (2014), John Wiley and Sons and Copyright Clearance 

Center. 

Age group Prevalence (n per 100,000) 

40-49  41  

50-59  107  

55-64  173  

60-69  428 

65-74  425  

70-79  1087  

> 80  1903  
 

 

Incidence increases with age; in females incidence peaks between the ages 

70-79, whilst in male tends to rise after age 80 (global incidence data is reported in 

Table 2.2) (Hirsch et al., 2016). It should be noted that rates across studies vary 

consistently possibly due to differences in diagnostic criteria used and under-

diagnosis of PD, especially in elderly population (Tysnes & Storstein, 2017).  
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Table 2. 2 Incidence of Parkinson’s disease across ages and gender. Reprinted under 

permission from Hirsch et al. (2016), Karger Publisher and Sons and Copyright 

Clearance Center. 

Age group Incidence in female  
(n per 100,000) 

Incidence in male  
(n per 100,000) 

40-49 3.26  3.57 

50-59 8.43  14.67 

60-69 30.32  58.22 

70-79 93.32 162.58 

>80 103.48 258.47 
 

 

Gender differences in prevalence and incidence rates — as well as in PD 

features i.e., women are more prone to develop tremor-dominant PD but are less 

rigid than men, and present more pain symptoms, and higher depression (Georgiev et 

al., 2017) — suggest differences in the brain pathways involved in the disease (De 

Micco et al., 2019). However, studies investigating gender differences are still scarce 

and longitudinal studies analysing gender differences in PD and comparing them to 

matched healthy controls are needed. Since then, it is important for studies to 

properly match the gender of their samples in order to avoid biases related to 

possible differences in their pathophysiological profiles.   

 

Aetiology 

In around 85% of cases, PD develops in individuals with no history of PD in 

their family (Tran, Anastacio, & Bardy, 2020); these cases are sporadic and are 

classified as “idiopathic PD”. In around 15% of cases, PwP have a documented 
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history of PD in their family; these cases are classified as “familial PD” (Figure 2.2a) 

(Tran et al., 2020).  

 

 

Figure 2. 2 The genomics of Parkinson’s disease. A) In the PD world-wide 

population, 85% of PD cases are idiopathic and 15% are familial (fPD). B) 

Mutations occur at low (< 0.8%) and varying frequencies (Freq.). Data represented 

as mean ± SEM. Reprinted under the terms of the Creative Commons CC-BY 

license from Tran et al. (2020). 

 

Whether or not idiopathic and familial PD represent the same disease entity 

is debated [for a review see (Correia Guedes, Mestre, Outeiro, & Ferreira, 2020)]. 

From a clinical perspective, there is an overlap between the two conditions as both 

share higher incidence in males, similar distribution of the initial motor symptom 

(tremor) and its location (upper extremities), and asymmetric parkinsonism during 

disease course (Baba et al., 2006). Clinically, management of familial and idiopathic 

PD does not differ.  
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However, pathophysiologically they may share substantia nigra (SN) 

neurodegeneration and a-synuclein accumulation in Lewy bodies, although other 

neuropathological features may differ (Schiesling, Kieper, Seidel, & Krüger, 2008), 

with potentially brain systems differently affected.   

The aetiology of idiopathic and familial PD probably differs; in the latter, 

genes appear to play a greater role. However, whether the same genes are also 

implicated in idiopathic PD, and the role of environmental factors in mediating 

epigenetic changes is uncertain. 

Several mutant genes have been associated with familial PD, with the most 

common mutated genes i.e., LRRK2 and PARK2, reported in 0.7% and 0.3% of all 

the people showing PD symptoms, respectively (Tran et al., 2020) (world prevalence 

of genes detected in familial PD are provided Figure 2.2b); this means that mutations 

in some of these genes are also evident in idiopathic PD. 

Environmental factors that may mediate epigenetic changes include air 

pollution (Hu et al., 2019), rural living, well-water consumption, farming and the use 

of pesticides, herbicides, insecticides, fungicides or paraquat (Breckenridge, Berry, 

Chang, Sielken, & Mandel, 2016), 25-hydroxyvitamin D insufficiency and 

deficiency (<30 and <20 ng/mL, respectively), and reduced exposure to sunlight 

(Zhou, Zhou, Zhang, & Li, 2019). Conversely, smoking cigarettes has been linked to 

a reduced risk of developing PD (Breckenridge et al., 2016); whether this association 

is causal is controversial (Ritz, Lee, Lassen, & Arah, 2014). Advancing age can also 

cause a cascade of stressors in brain pathways underpinning PD pathophysiology, 

thereby decreasing the ability of the neurons to respond to further insults (Tran et al., 

2020). 
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The worldwide used diagnostic criteria for PD [i.e., UK Parkinson’s Disease 

Society Brain Bank – UKPDSBB (Gibb & Lees, 1988)] considers family history of 

PD as an exclusion criterion, supporting the hypothesis that idiopathic and familial 

PD are not the same disease. However, according to other diagnostic criteria family 

history of PD is no longer an absolute exclusion for being diagnosed with PD, 

therefore accepting that there may be familial forms of PD that may be part of a 

broad PD spectrum (see “diagnosis” section, page 33).  

More studies are needed to understand whether idiopathic and familial PD 

are or not the same entity; since then, studies investigating idiopathic PD should not 

include familial cases, in order to increase homogeneity of the sample and reliability 

of studies’ findings.  

 

Pathophysiology 

The main pathological hallmark of PD is a pronounced and progressive loss 

of dopamine (DA) producing neurons in the SN of the midbrain (Braak, 

Ghebremedhin, Rüb, Bratzke, & Del Tredici, 2004), and progressive and widespread 

α-synuclein aggregation and neuronal loss in specific areas of the central and 

peripheral nervous systems (Marinus, Zhu, Marras, Aarsland, & van Hilten, 2018), 

giving rise to the development of Lewy pathology.  

Braak et al. (2004) proposed a six-stages model for PD progression based on 

a specific pattern of α-synuclein spreading, beginning in definite sites. The Lewy 

body pathology initiates in the medulla oblongata and olfactory bulb, causing 

autonomic and olfactory disturbances (Oppo, Melis, Melis, Tomassini Barbarossa, & 

Cossu, 2020) (stages 1-2), then expand to the brainstem, causing sleep and motor 

disturbances (stages 3-4), and finally spreading to the limbic and neocortical regions, 
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causing emotional and cognitive impairments (stages 5-6) (Halliday, Lees, & Stern, 

2011). The description of the brain sites involved in Lewy pathology based on Braak 

et al., (2004) model, together with a visual illustration, is provided in Table 2.3.  
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Table 2. 3 Six-stages model of PD progression. 
PD 
Stages 

Lewy pathology sites Lewy pathology 
illustrated 

Stage 1 Dorsal motor nucleus of the vagus 
nerve, olfactory bulb and the anterior 
olfactory nucleus  

 
 
 

Stage 2 Lower raphe nuclei and 
magnocellular portions of the 
reticular formation, as well as the 
coeruleus–subcoeruleus complex. 

Stage 3 Basal portions of the midbrain and 
forebrain. The pathology begins in 
the posterolateral subnucleus of the 
pars compacta and goes on to affect 
the posterosuperior and 
posteromedial subnuclei. At the same 
time, the disease process encroaches 
on the central subnucleus of the 
amygdala and from there extends into 
the basolateral nuclei. Additional 
brain regions involved are: the 
cholinergic tegmental 
pedunculopontine nucleus, the oral 
raphe nuclei, the cholinergic 
magnocellular nuclei of the basal 
forebrain, and the hypothalamic 
tuberomammillary nucleus.  

 
 
 
 

Stage 4 Temporal mesocortex, whose 
anteromedial part projects to the 
limbic circuit areas such as the 
entorhinal region, hippocampal 
formation, and amygdala.  
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Table 2. 3 (continued) Six-stages model of PD progression. 
PD 
Stages 

Lewy pathology sites Lewy pathology 
illustrated 

Stages 5 
and 6 

The inclusion body pathology 
gradually spreads over the entire 
neocortex.  

 
 
 

 
Legend. PD: Parkinson’s disease. The dark shading represents the severity of 

pathology, the darker the more severe the pathology is. Reprinted under permission 

from Halliday et al. (2011), John Wiley and Sons and Copyright Clearance Center. 

 

Motor symptoms 

The cardinal motor features of PD are bradykinesia, resting tremor, rigidity, 

and postural instability. Bradykinesia indicates the slowness of initiation of 

voluntary movement associated with progressive reduction in the speed of repetitive 

actions (Marsili, Rizzo, & Colosimo, 2018; Schilder, Overmars, Marinus, van 

Hilten, & Koehler, 2017). Resting tremor can involve the upper or the lower limbs, 

or both. When it involves the upper limb, the tremor is most commonly a resting pill-

rolling type of tremor of the hands; pill-rolling relates to the tendency of the index 

finger to get in contact with the thumb creating a circular movement. Rigidity is 

characterized by resistance to passive movements that occur due to increased muscle 

tone, and in some cases can be associated with pain and discomfort. Postural 

instability is characterized by impairment in the ability to recover and maintain 
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balance after perturbation, and may lead to falls and injuries. Some PwP may present 

freezing of gait, which is a brief and sudden episodic inability to initiate ambulation 

when intending to walk. Other motor symptoms include speech disturbances (e.g., 

very quiet and hurried speech) and hypomimia (e.g., loss or reduction of facial 

expressiveness) [for a review see (Hess & Hallett, 2017)]. Although PD is described 

as a motor disorder, nonmotor symptoms (NMS) are also prominent and are the 

source of great distress for PwP and their care-givers. 

 

Non-motor symptoms 

The recognised NMS of PD encompass a wide range of domains such as 

neuropsychiatric, autonomic, gastrointestinal and sensory symptoms, and sleep 

disorders (Chaudhuri, Odin, Antonini, & Martinez-Martin, 2011). The range of NMS 

in PD and possible aetiology are provided in Table 2.4. 
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Table 2. 4 The range of non-motor symptoms in Parkinson’s disease, and their possible 

aetiology. Adapted from Chaudhuri et al. (2011). Reprinted under permission by 

Elsevier and Copyright Clearance Center. 

Symptoms Possible aetiology 

Neuropsychiatric symptoms 

Sadness, depression Possible pre-motor 

Apathy, Anxiety, Anhedonia  

Hallucinations, delusions May be drug-induced 

Psychosis May be drug-induced 

Delirium May be drug-induced 

Cognitive impairment  

ICBs May be drug-induced 

Panic attacks Could be “off” related 

Autonomic symptoms  

Bladder disturbances  

Sexual dysfunction i.e., erectile impotence May be drug-induced 

Sweating abnormalities i.e., hyperhidrosis  

Orthostatic hypotension i.e., falls related to orthostatic 
hypotension 

 

Gastrointestinal  

Dribbling of saliva  

Dysphagia i.e., difficulty in swallowing   

Ageusia i.e., loss of sense of taste  

Constipation Possible pre-motor 

Nausea, Vomiting, Reflux  

Faecal incontinence   
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Table 2. 4 (continued) The range of non-motor symptoms in Parkinson’s disease, 

and their possible aetiology. 

Symptoms Possible aetiology 

Sensory symptoms 

Pain  

Paraesthesia i.e., abnormal sensation of the skin  

Olfactory disturbances  Possible pre-motor 

Sleep disorders 

RBD Possible pre-motor 

Excessive daytime somnolence May be drug-induced  

Restless legs syndrome, periodic leg movements  

Insomnia  

Sleep disorder breathing (obstructive sleep apnoea)  

Non-REM parasomnias (confusional wandering)  

Other symptoms   

Fatigue  

Visual disturbances (diplopia, blurred vision)  

Seborrhoea i.e., excessively oily skin  

Weight loss, weight gain Weight gain may be 
related to ICBs (i.e., 
binge eating) 

Legend. REM: rapid eye movement; ICBs: impulsive-compulsive behaviours; RBD: 

rapid eye movement sleep behaviour disorder. 
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The aetiology of NMS is complex; some of them correlate with advancing 

disease, whilst others such as constipation, hyposmia, rapid eye movement disorder, 

and depression may precede PD diagnosis by 10-15 years, and increase the risk of 

developing PD (Adams-Carr et al., 2016; Claassen et al., 2010; Galbiati, Verga, 

Giora, Zucconi, & Ferini-Strambi, 2019; Haehner et al., 2007; Ishihara & Brayne, 

2006; Lieberman, 2006; Schapira, Chaudhuri, & Jenner, 2017) (see Table 2.4). The 

presence of NMS preceding PD diagnosis suggests three not mutually exclusive 

reasons: (1) they are manifestation of early PD; (2) they are risk factors for PD and 

have a causal association with subsequent disease; or (3) NMS preceding PD 

diagnosis and PD are both outcomes of a common exposure (Adams-Carr et al., 

2016). Finally, it is possible that these symptoms are comorbid conditions, not 

strictly associated with PD.  
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In some cases, NMS may be medication side-effects as their appearance and 

resolution covary with medication use and dosage (see Table 2.4). For example, 

psychosis may improve with DA agonists dose reduction or cessation, excessive 

daytime sleepiness may be cause or exacerbated by DA agonist use, and clinically 

significant ICBs can be developed months or years after dopamine replacement 

therapy (DRT) initiation and may improve with dose reduction or switched to 

another DRT type (Latt, Lewis, Zekry, & Fung, 2019).   

The scenario is more complicated when NMS develop in later stages of PD, 

when PwP have been for years under the chronic use of DRT therefore making it 

difficult to understand whether NMS represent PD-related features or are the result 

of medication, or an interaction between both.  

 NMS are no less important than motor symptoms; they increase the cost of 

PD care and may affect quality of life at a greater extent than motor symptoms 

(Hinnell, Hurt, Landau, Brown, & Samuel, 2012; van Uem et al., 2016; Visser et al., 

2008). This is possibly because DRT offers reasonably good control over the motor 

symptoms, but then leaves the NMS more exposed. With motor symptoms under 

control, PwP and carers' attention may be more focused on the NMS. 

Despite their importance, NMS are seldom screened even in specialized 

centers (Chaudhuri et al., 2011) and, regardless being directly asked, PwP may 

under-report their presence. The unbalanced attention of clinicians toward motor vs. 

NMS, together with the lack of reporting by PwP results in a negative loop where 

distressing symptoms remain untreated.   

A recent study of 358 PwP (PD duration: mean=5.96 years, range: 1-33 

years) investigated prevalence of NMS and associated levels of distress, as well as 
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overall and symptoms specific barriers to seeking help (Hurt et al., 2019a). Overall, 

1.1% of PwP had no NMS (4/358), 18.4% had 1–5 symptoms (mild burden), 27.7% 

had 6–9 symptoms (moderate burden), 26% had 10–13 symptoms (severe burden) 

and 26.8% had greater than 13 NMS representing very severe burden. The most 

common NMS were urinary urgency and nocturia (i.e., the need to awaken one or 

more times per night to void), whilst bowel incontinency, increased interest in sex, 

and delusions were the least common (see Figure 2.3).  

 

Figure 2. 3 Frequency of NMS in a total sample of 358 PwP. Symptoms are ranked 

from most to least frequent. Coloured bars represent the level of distress, with no 

distress rating meaning symptom was endorsed but distress data was missing. 

Reprinted under the permission from Hurt et al. (2019a), Elsevier and Copyright 

Clearance Center.  

 

Failure to disclose NMS to the healthcare provider was common for loss of 

interest in sex, increased interest in sex, and difficulties having sex (not reported to 

the healthcare provider by the 72.1%, 58.8%, and 58.5% of PwP, respectively), 
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whilst falling to fainting was the most reported NMS (not reported to the healthcare 

provider by the 15% of PwP) (Hurt et al., 2019a). The most common barriers to 

help-seeking (endorsed by 100 or more PwP, with no differences between males and 

females) were: acceptance of the symptom as part of life (n=292), uncertainty that 

effective treatment is available (n=222), uncertainty whether the symptom is part of 

PD (n=206), belief that the symptom is not serious (n=156), concern that treatment 

will require change of PD medication or taking extra medication (n=125), not a 

priority at the time (n=114), belief that raising the problem not socially acceptable 

(n=108), and lack of priority to NMS in the consultation (n=108) (Hurt et al., 2019a).  

Being NMS common in PD and considering the potential distress they may 

cause, it is important that PwP and carers are properly informed about their presence 

at any time of the disease and during consultancy.  

 

Diagnosis 

Since its original description, the diagnosis of PD has been clinical and 

centred on a defined motor syndrome (Postuma et al., 2015). It should be noted that, 

regardless of the criteria used, diagnosis is confirmed only post mortem through 

histopathological evidence of neural degeneration with Lewy bodies in the SN.  

A continuous re-evaluation process can improve diagnostic accuracy and 

reduce misdiagnosis which is common when only the initial diagnosis is considered 

(Hughes, Daniel, Ben-Shlomo, & Lees, 2002). In the early stages, response to 

dopaminergic treatment is less defined and symptoms related to atypical 

parkinsonisms (e.g., multiple syndrome atrophy and progressive supranuclear palsy) 

may not be present yet. Moreover, misdiagnosis problems increase when elderly 

individuals are evaluated, which may present mixed pathology (Jellinger & Attems, 
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2015). It is advisable that the diagnosis is performed by expert in movement 

disorders vs. non-experts (e.g., general neurologists, geriatricians, or general 

practitioners), since their diagnostic accuracy is higher (83.9% vs. 73.8%, 

respectively) (Rizzo et al., 2016). 

Several diagnostic criteria have been proposed, which include: (i) the 

UKPDSBB criteria (Gibb & Lees, 1988), (ii) the Gelb criteria (Gelb, Oliver, & 

Gilman, 1999), (iii) the Movement Disorder Society (MDS)-PD criteria, and other 

sets of criteria which have gained little attention (Calne, Snow, & Lee, 1992; Larsen, 

Dupont, & Tandberg, 1994) [for a review on PD diagnostic criteria see (Marsili et 

al., 2018)]. 

The UKPDSBB criteria are the first formal diagnostic criteria developed for 

PD (Gibb & Lees, 1988), and are still the most commonly used criteria worldwide, 

both in clinical and research settings.  

A recent systematic review and meta-analysis of clinic- and community-

based studies reporting PD diagnostic parameters confirmed by pathological 

examination (as a gold standard) shows that the UKPDSBB criteria has a diagnostic 

accuracy of 82.7% (Rizzo et al., 2016). They have high specificity (i.e., proportion 

of patients with PD who had initial diagnosis of PD) and sensitivity (i.e., proportion 

of patients without PD who had no initial diagnosis of PD), which have been 

estimated to be 98.4% and 91.1%, respectively (Hughes et al., 2002). Their use has 

been recommended by the National Institute for Health and Care Excellence (NICE) 

guidelines that advise clinicians to diagnose PD based on the UKPDSBB criteria 

(National Institute for Health and Care Excellence, 2017; Rogers, Davies, Pink, & 

Cooper, 2017). The NICE guidelines recommendations are also followed in 

countries other than the UK, as, for example, Italy (Candiani & Villa, 2013). In the 
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research setting, the extensive use of the UKPDSBB criteria has the advantage of 

promoting homogeneity in the studies samples therefore increasing the comparability 

and reproducibility of studies’ findings.  

The main limitation of the UKPDSBB criteria is the exclusive focus on 

motor symptoms, while it has been acknowledged that NMS may precede PD 

diagnosis and are considered for the diagnosis of prodromal PD. Prodromal PD is 

used to refer to a clinical scenario where PD symptoms and signs are present but 

insufficient for a full clinical diagnosis (Berg et al., 2015). It has also been 

questioned that presence of genetic risk factors (more than one relative affected by 

PD) should not exclude the diagnosis of PD (Gasser, Hardy, & Mizuno, 2011; 

Marsili et al., 2018).  

The UKPDSBB criteria are based on three benchmarks:  

1) bradykinesia and at least one of the following: rigidity, 4–6 Hz rest 

tremor, postural instability not caused by primary visual, vestibular, 

cerebellar or proprioceptive dysfunction; 

2) exclusion of other causes of parkinsonism including history of repeated 

strokes or head injury with stepwise progression of parkinsonian 

features, history of definite encephalitis, oculogyric crises, neuroleptic 

treatment at onset of symptoms, familial history, unilateral features after 

3 years, supranuclear gaze palsy, cerebellar signs, early severe 

autonomic involvement or dementia, unexplained Babinski sign, 

presence of a secondary cause on imaging, negative response to levodopa 

and exposure to toxic agents; 

3) at least three of the following supportive (prospective) features: 

unilateral onset, rest tremor, progressive disorder, persistent asymmetry 
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primarily affecting side of onset, excellent response (70–100%) to 

levodopa, severe levodopa-induced chorea (dyskinesia), levodopa 

response for 5 years or more, clinical course of 10 years or more. 

The Gelb criteria (Gelb et al., 1999) differentiates between possible and 

probable PD, based on temporal symptoms onset. The main criticism to the Gelb 

criteria is that they do not include bradykinesia as an essential feature of PD, which 

is now considered the most important motor symptom for the diagnosis (Marsili et 

al., 2018).  

The MDS task force proposed new diagnostic criteria specifically designed 

for research, but also useful as guidance in clinical settings. The MDS clinical 

diagnostic criteria define PD based on two levels of diagnostic certainty: “clinically 

established PD” and “clinically probable PD” (Postuma et al., 2015). For the first 

time, the use of supportive laboratory testing such as those documenting olfactory 

loss, cardiac sympathetic denervation has been included. Also, when brain imaging 

is performed, normal presynaptic dopaminergic system functioning is considered as 

an absolute exclusion criterion (Postuma et al., 2015). However, the MDS-PD 

criteria are scarcely employed by clinicians (Marsili et al., 2018), and supportive 

laboratory testing may not be available in not specialized centres. Being very recent, 

the number of studies in the literature using the MDS criteria is scarce, which in turn 

limits the comparison of studies’ findings.  

 

Management 

The management of PD is complex; this because, despite providing 

symptomatic relief, medication has to be constantly reviewed as disease progresses 

and motor symptoms worsen. When treated, PwP may develop side-effects such as 



 
 

37 

dyskinesia (i.e., uncontrolled, involuntary movements that can involve one body part 

or the entire body), ICBs, excessive daytime sleepiness, hallucinations, which are 

also problematic. DRT dose reduction for the management of side-effects may be 

complicated by the increasing of motor symptoms and, if PwP are treated by DA 

agonist, by the development of dopamine withdrawal syndrome (DAWS) in up to the 

16.7% of cases (Patel et al., 2017). Symptoms of DAWS resemble those of other 

psychostimulant drug withdrawal syndromes and include panic attack, agoraphobia, 

anxiety, depression, dysphoria, diaphoresis, fatigue, pain, orthostatic hypotension 

and drug craving, and do not respond to substitution with levodopa or other DRT 

types (Rabinak & Nirenberg, 2010; Samuel et al., 2015).   

Non-pharmacological treatments such as deep brain stimulation (DBS) may 

improve motor symptoms in advanced PD and in those at early stage of PD with 

motor complications (Klingelhoefer, Samuel, Chaudhuri, & Ashkan, 2014). 

However, in some cases, other non-motor symptoms such as ICBs can appear or 

worsen although in other cases improve [for a review on the effect of DBS on ICBs 

see (Eisinger et al., 2019; Klingelhoefer et al., 2014)].  

As motor symptoms are the main focus of PD management, presumably 

motor symptoms side-effects such as dyskinesia also get the main focus, whereas 

other NMS side-effects are less prominent in terms of being brought to the attention 

of the clinicians. The type of medication used for the management of PD, how they 

act, and examples of side-effects are provided in Table 2.5.  
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Table 2. 5 Dopaminergic replacement therapies used in Parkinson’s disease. 

DRT type Description Side-effects 

Levodopa It is the precursor of DA. It crosses the 
blood-brain barrier where it is 
metabolized to DA. It is administered 
in combination with a decarboxylase 
inhibitor such as carbidopa or 
benserazide to prevent peripheral 
metabolism in the gastrointestinal tract 
and the activation of DA receptors in 
the area postrema which are not 
protected by the blood-brain barrier 
causing nausea and vomiting.  

Dyskinesia, 
nausea, 
orthostatic 
hypotension,  
confusion, 
hallucinations, 
somnolence, 
ICBs 
 
 

DA agonists: 
-Pramipexole 
-Ropinirole 
-Rotigotine 
-Apomorphine 

They are a class of DRT that pass the 
blood-brain barrier and mimic the 
action of DA on the postsynaptic DA 
receptors. DA agonists have affinity to 
the DA receptors D1, D2 and D3 
subtypes. The first introduced DA 
agonists were ergot derivates (e.g., 
bromocriptine, pergolide, cabergoline) 
and were associated with ergot-related 
side effects, including cardiac valvular 
damage. They have been replaced by a 
second generation of non-ergot DA 
agonists (e.g., pramipexole, ropinirole, 
rotigotine). 

Nausea, 
orthostatic 
hypotension, 
hallucinations, 
somnolence, 
ICBs, DAWS,  
application site 
reactions 
(Rotigotine) 

MAO-B 
inhibitors: 
-Rasagiline 
-Selegiline 
-Safinamide 

They block central DA metabolism 
and increase synaptic concentrations 
of DA. 

Dyskinesia (as 
they potentiate 
the effect of 
levodopa) 

COMT inhibitors: 
-Entacapone 
-Opicapone 
-Tolcapone 

They prevent levodopa metabolism 
reducing the off-time period. 

Dyskinesia (as 
they potentiate 
the effect of 
levodopa), 
Hallucinations 
Drug-induced 
liver damage 
(tolcapone) 

Legend. DA: dopamine; DRT: dopamine replacement therapy; ICBs: impulsive-

compulsive behaviours; DAWS: dopamine agonist withdrawal syndrome. 
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According to the current NICE guidelines, in early PD, levodopa is the 

preferred first line medicine for people with troublesome motor symptoms, whilst 

levodopa, DA agonists, or irreversible and reversible inhibitors of monoamine 

oxidase type B (MAO-B) should be considered when motor symptoms do not affect 

quality of life. In advanced PD, continuous subcutaneous apomorphine infusion or 

intermittent apomorphine injection may be considered. When symptoms are not well 

controlled, DBS may be considered (National Institute for Health and Care 

Excellence, 2017; Rogers et al., 2017). A visual summary of the management 

strategies of motor and non-motor symptoms based on the current NICE guidelines 

is provided in Figure 2.4. 
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Figure 2. 4 Visual summary of the management of motor symptoms of Parkinson’s 

disease, according to the National Institute for Health and Care Excellence guidelines 

(2017). Reprinted under the permission from Rogers et al. (2017), Copyright 

Licensing Agency. 
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Part 2: Impulsive-compulsive behaviours in Parkinson’s disease 

This section provides background information on ICBs in PD. Information 

about defining characteristics and diagnosis, epidemiology, association with DRT, 

correlates, assessment and management will be provided. This is important because 

it sets up the thesis in relation to the studies aims and methodologies presented in the 

following chapters. 

 

Defining characteristics and Diagnosis 

ICBs are a range of behaviours characterized by the inability to resist an 

urge, drive, or temptation to perform an act that are the cause of significant distress 

to the individual concerned and/or their close family member (American Psychiatric 

Association, 2013). ICBs are extremely time consuming and can negatively impact 

on social functioning, relationship and well-being, leading also to legal and financial 

consequences (Leroi, Harbishettar, et al., 2012; Phu et al., 2014). ICBs may differ in 

terms of severity, which range from subtle change from premorbid functioning to 

severe impairment in daily life; pathology is usually defined by its interference with 

personal, family, and/or professional life.  

Diagnosis of ICBs is done clinically, based on the presence of behaviours 

reported by PwP and carers. It should be noted that uniform diagnostic criteria for 

ICBs in PD currently do not exist; this has been recently recognized by the MDS 

task force, which commissioned a systematic review of scales to assess ICBs in PD 

(Evans et al., 2019) (for detailed information see section “assessment”, page 71). 

This is problematic as the lack of uniform diagnostic criteria for ICBs may account, 

at least in part, for variability of research findings and clinical management across 

centers.  
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In PD, ICBs include the four major impulse control disorders (ICDs) i.e., 

gambling disorder, binge eating disorder, hypersexuality and compulsive shopping, 

and related behaviours i.e., punding, hobbyism, and dopamine dysregulation 

syndrome (DDS). Gambling disorder and binge eating are commonly diagnosed 

according to established diagnostic criteria of the last edition of the Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric Association, 

2013), whilst compulsive shopping, hypersexuality, punding and hobbyism, and 

DDS are commonly diagnosed based on proposed provisional criteria (Giovannoni, 

O’Sullivan, Turner, Manson, & Lees, 2000; McElroy, Keck, Pope, Smith, & 

Strakowski, 1994; Voon & Fox, 2007; Voon et al., 2006). Defining characteristics of 

ICBs based on commonly used diagnostic criteria are provided in Table 2.6. 

Gambling disorder is characterized by a lack of control over gambling. The 

behaviour gradually increases in terms of time (e.g., spending an increasing amount 

of time in the Casino), or in terms of amount of money to bet in order to achieve the 

same excitement as previously. In some cases, gambling may be a way to cope with 

negative feelings. PwP often hide their involvement with gambling from family and 

friends. Once the behaviour becomes an addiction, attempts to cut it are unsuccessful 

(American Psychiatric Association, 2013) (see Table 2.6). Preferred gambling 

activities in PD include slot machines, lottery, scratch cards, and gambling online 

(Gallagher, O’Sullivan, Evans, Lees, & Schrag, 2007). 

Binge eating is characterized by a lack of control over eating. An amount of 

food that is larger than most people would eat during the same period of time and 

under similar circumstances may be consumed (American Psychiatric Association, 

2013). PwP with binge eating may also show a general overeating behaviour, food 

addiction and/or night eating syndrome (i.e., a circadian delay in the pattern of daily 
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food intake: evening hyperphagia and/or nocturnal ingestions of food with full 

awareness) (de Chazeron et al., 2019) (see Table 2.6).  

Compulsive shopping is characterized by an irresistible and intrusive 

preoccupation with buying or shopping, which may result in buying huge amounts of 

items that are not needed, or afforded (McElroy et al., 1994) (see Table 2.6).  

Hypersexuality has been defined as sexual thoughts and behaviours that are 

excessive or show an atypical change from the previous pattern of behaviour (Voon 

et al., 2006) (see Table 2.6). In PD, reported hypersexual behaviours encompass 

excessive masturbation, compulsive pornography use, extramarital affairs, plain 

increased libido and excessive request for sex from the partner (Nakum & Cavanna, 

2016). 

Punding is a stereotyped behaviour characterized by an intense fascination 

with excessive, repetitive, non-goal-oriented activities such as shuffling papers, 

reordering bricks, or sorting handbags. Conversely, hobbyism includes more 

complex acts, such as gardening, painting, writing, or excessive computer use (Voon 

& Fox, 2007) (see Table 2.6).  

DDS is a pattern of compulsive DRT use, characterized by the need for 

increasing doses of DRT in excess of those normally required to relieve 

Parkinsonian symptoms and signs (Giovannoni et al., 2000) (see Table 2.6). PwP 

with DDS seem to be seeking to avoid dysphoria rather than excitement and 

euphoria; Okai et al. (2011) proposed a cognitive model according to which cues not 

necessarily related to PD (being incidental or physiological, such as fatigue) are 

misinterpreted as an impending off-time and culminate in a state of anxiety. This 

may drive PwP to take further DRT to avoid off-time, even if unnecessary, in order 

to alleviate this anticipatory anxiety (Okai, Samuel, Askey-Jones, David, & Brown, 
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2011). As a result, dyskinesias are developed together with a misperception of the 

“on” medication state which is perceived as such only when markedly dyskinetic. 

Attempts to reduce the DRT doses are met with strong resistance. When DRT is 

reduced, PwP may develop a withdrawal state characterised by dysphoria, 

depression, irritability, and anxiety (Warren, Gorman, Lehn, & Siskind, 2017). In 

order to continue to abuse DRT, PwP may develop strategies such as lying or 

stockpile medications. In relation to high doses of DRT, hypomanic, manic, or 

cyclothymic affective syndrome can be developed.  

Other behaviours reported in PD are walkabout, reckless generosity 

(O’Sullivan, Evans, Quinn, Lawrence, & Lees, 2010) and driving (Avanzi et al., 

2008), and compulsive smoking (Bienfait, Menza, Mark, & Dobkin, 2010).   
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Table 2. 6 The most commonly used diagnostic criteria for Impulsive-compulsive 

behaviours in Parkinson's disease. 

Gambling disorder (DSM-5, 2013) 
A. Persistent and recurrent problematic gambling behaviour leading to 

clinically significant impairment or distress, as indicated by the individual 

exhibiting four (or more) of the following in the last 12 months: 

o Needs to gamble with increasing amounts of money in order to achieve the 

desired excitement 

o Is restless or irritable when attempting to cut down or stop gambling  

o Has made repeated unsuccessful efforts to control, cut back, or stop gambling  

o Is often preoccupied with gambling (e.g., having persistent thoughts of reliving 

past gambling experiences, planning the next venture, thinking of ways to get 

money for gambling)  

o Often gambles when feeling distressed (e.g., helpless, guilty, anxious, 

depressed)  

o After losing money gambling, often returns another day to get even (“chasing” 

one’s losses) 

o Lies to conceal the extent of involvement with gambling  

o Has jeopardized or lost a significant relationship, job, or educational or career 

opportunity because of gambling  

o Relies on others to provide money to relieve desperate financial situations 

caused by gambling 

B. The gambling behaviour is not better explained by a manic episode. 
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Table 2. 6 (continued) The most commonly used diagnostic criteria for Impulsive-

compulsive behaviours in Parkinson's disease. 

Binge eating (DSM-5, 2013) 
A. Recurrent episodes of binge eating. An episode of binge eating is characterized 

by both of the following: 
o Eating, in a discrete period of time (e.g., within any 2-hour period), an 

amount of food that is definitely larger than most people would eat 

during a similar period of time and under similar circumstances. 

o A sense of lack of control over eating during the episode (e.g., a feeling 

that one cannot stop eating or control what or how much one is eating). 

B. The binge eating episodes are associated with three or more of the following:  
o eating much more rapidly than normal 

o eating until feeling uncomfortably full 

o eating large amounts of food when not feeling physically hungry 

o eating alone because of feeling embarrassed by how much one is eating 

o feeling disgusted with oneself, depressed or very guilty afterward 

 

C. Marked distress regarding binge eating is present 
D. Binge eating occurs, on average, at least 1 day a week for 3 months 

E. Binge eating is not associated with the recurrent use of inappropriate 

compensatory behaviours as in Bulimia Nervosa and does not occur exclusively 

during the course of Bulimia Nervosa, or Anorexia Nervosa methods to 

compensate for overeating, such as self-induced vomiting. 
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Table 2. 6 (continued) The most commonly used diagnostic criteria for Impulsive-

compulsive behaviours in Parkinson's disease. 

Compulsive shopping (McElroy et al., 1994) 
Inappropriate preoccupations with buying or shopping, or inappropriate buying or 

shopping impulses or behaviour, as indicated by at least one of the following: 

1. Frequent preoccupations with buying or impulses to buy that are 

experienced as irresistible, intrusive, and/or senseless 

2. Frequent buying of more than can be afforded, frequent buying of items 

that are not needed, or shopping for longer periods of time than intended 

 

o The buying preoccupations, impulses, or behaviours cause marked distress, 

are time-consuming, significantly interfere with social or occupational 

functioning, or result in financial problems (e.g., indebtedness or bankruptcy). 

o The excessive buying or shopping behaviour does not occur exclusively 

during periods of hypomania or mania. 
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Table 2. 6 (continued) The most commonly used diagnostic criteria for Impulsive-

compulsive behaviours in Parkinson's disease. 

Hypersexuality (Voon, Hassan et al., 2006) 
A. The sexual thoughts or behaviours are excessive or an atypical change from 

baseline (before dopaminergic treatment initiation) marked by one or more of 

the following:  

o Maladaptive preoccupation with sexual thoughts  

o Inappropriately or excessively requesting sex from spouse or partner 

o Habitual promiscuity  

o Compulsive masturbation  

o Telephone sex lines or pornography  

o Paraphilias 

B. The behaviour must have persisted for at least 1 month  

C. The behaviour causes at least one of the following:  

o Marked distress 

o Attempts to control thoughts or behaviour unsuccessful or result in marked 

anxiety or distress 

o Are time consuming  

o Interfere significantly with social or occupational functioning 

D. The behaviour does not occur exclusively during periods of hypomania or mania 

E. If all criteria except C is fulfilled the disorder is subsyndromal. 

 

Punding (Voon & Fox, 2007) 

An intense fascination with excessive, repetitive, non–goal-oriented behaviours. 

Repetitive behaviours include less complex acts, such as shuffling papers, 

reordering bricks, or sorting handbags. 
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Table 2. 6 (continued) The most commonly used diagnostic criteria for Impulsive-

compulsive behaviours in Parkinson's disease. 

Hobbyism (Voon & Fox, 2007) 

An intense fascination with complex, excessive, repetitive, non–goal-oriented 

behaviours. The behaviours include more complex acts, such as hobbyism (gardening, 

painting), writing, or excessive computer use. 

 

Dopamine Dysregulation Syndrome (Giovannoni et al., 2000) 

A. Need for increasing doses of DRT in excess of those normally required to 

relieve Parkinsonian symptoms and signs 

B. Pattern of pathological use: expressed need for increased DRT in the presence of 

excessive and significant dyskinesias despite being ‘on’, drug hoarding or drug 

seeking behaviour, unwillingness to reduce DRT, absence of painful dystonias 

(i.e., prolonged muscle contractions) 

C. Impairment in social or occupational functioning: fights, violent behaviour, loss 

of friends, absence from work, loss of job, legal difficulties, arguments or 

difficulties with family 

D. Development of hypomanic, manic, or cyclothymic affective syndrome in 

relation to DRT (only for supporting the diagnosis) 

E. Development of a withdrawal state characterised by dysphoria, depression, 

irritability, and anxiety on reducing the level of DRT 

F. Duration of disturbance of at least 6 months. 

Legend. DRT: dopamine replacement therapy. DSM-5: diagnostic and statistical 

manual of mental disorders, fifth edition. 

 

ICBs are diagnosed in taxonomies — which are categorical in nature — 

based on observed constellations of symptoms. This approach has clinical utility as it 

provides reliable clinical diagnosis (Insel et al., 2010). However, from a research 

perspective these categories, based upon presenting signs and symptoms, may not 

capture fundamental underlying mechanisms of dysfunction (Insel et al., 2010), 

which may transcend traditional diagnostic boundaries and form a shared 

pathophysiological mechanism (Yücel et al., 2018). For example, some symptoms 
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are not disease-specific but they can be shared across conditions (e.g., lack of control 

in the obsessive-compulsive and substance use disorders), and different disorders 

may respond to similar interventions that target common underlying mechanisms 

(e.g., naltrexone which is effective in treating both alcohol use disorder and 

gambling disorders in the general population) (Yücel et al., 2018). 

These limitations are evident in the debate over ICBs nosology; ICBs share 

features both with obsessive-compulsive and substance use disorders (Vriend, Pattij, 

et al., 2014). Both conditions are characterized by a difficulty to control the 

behaviour despite the negative consequences, but the main difference is related to the 

purpose behind the act; in the obsessive-compulsive disorder the compulsion is acted 

in order to decrease the anxiety, in the substance use disorder the purpose is to 

achieve gratification (Okai et al., 2011). The difference in the intent of the behaviour 

makes ICBs more similar to the addictive disorders and their connection is even 

stronger according to similar risk factors, neurobiological, cognitive and clinical 

features (Brewer & Potenza, 2008; Dagher & Robbins, 2009; Ray & Strafella, 2013).  

Gambling disorder represents a clear example of the debated ICBs nosology; the last 

edition of the DSM i.e., DSM-5 (American Psychiatric Association, 2013) has seen 

moving gambling disorder from the “Impulse Control Disorder and Related 

Condition” section to the “Substance – Related and Addictive Disorders” section.  

Considering the limitations of the traditional categorical approach to mental 

disorders, the National Institute of Mental Health (NIMH) has promoted the 

Research Domain Criteria (RDoC) project (Insel et al., 2010). The RDoC project 

encourages first research and then clinic to move beyond the simply rearrangement 

of symptoms constellation for disorders diagnosis, toward the use of ‘neurocognitive 

endophenotypes’ derived from measures of brain as well as behaviour, and using 
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them transdiagnostically across disorders to discern possible commonalities that may 

highlight new genetic or therapeutic avenues, or detect subgroups for treatment 

selection.   

In this thesis, a transdiagnostic approach has been used within ICBs 

categories (i.e., grouping together different ICBs types); it assumes that irrespective 

of the phenotype (being either gambling, hypersexuality, eating, etc.) the underlying 

neurocognitive underpinnings will be shared. This is an important point as it implies 

that research should not separate each ICBs but investigate them overall, as this may 

limit the applicability of findings. 

 

Epidemiology 

Prevalence of ICBs in medicated PwP ranges between 5.9% and 58.3% 

(prevalence rates across countries are provided in Table 2.7). 

Longitudinal studies show that prevalence increases from 20% to nearly 33% 

after 5 years of follow-up (Corvol et al., 2018), albeit other studies found prevalence 

is stable (Antonini et al., 2017) or decreases from around 30% at initial assessment 

to 22% after 4 years (Erga et al., 2019).  

Prevalence rates vary between countries; in Europe, any type of ICBs in PwP 

are reported to be (in decreasing order) 58.3% in Spain, 8.1-36% in Italy, 19.7-

32.8% in France, 35.9% in Denmark, 34.8% in Finland, 30.4% in Norway, and 

17.8% in the UK. In Turkey ICBs have been reported in the 5.9% of PwP. In North 

and South America, any type of ICBs in PwP are reported to be (in decreasing order) 

25.6% in Mexico, 13.6% in the US, and 6.1%-13.6% in Canada. In Asia, any type of 

ICBs in PwP are reported to be (in decreasing order) 31.6%-42.8% in India, 35% in 
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Malaysia, 31% in China, 12.9%-21.5% in Japan, and 10.1%-15.5% in Korea (see 

Table 2.7).  

Variability in ICBs prevalence rates may be due to several reasons.  

First, between-studies methodological differences should be taken in count 

such as ICBs diagnostic criteria and definitions used, sensitivity of screening 

instruments and procedures. For example, studies include a plethora of screening 

instruments such as the South Oaks Gambling Screen (SOGS) and the Massachusetts 

Gambling Screen for gambling disorder, the Lejoyeux’s questionnaire for 

compulsive shopping, punding questionnaire for punding, the Minnesota Impulse 

Disorders Interview (MIDI) for hypersexuality, compulsive shopping and gambling 

disorder, the Questionnaire for Impulsive-Compulsive Disorders in Parkinson's 

Disease (QUIP) and the Questionnaire for Impulsive-Compulsive Disorders in 

Parkinson's Disease-Rating Scale-Rating Scale (QUIP-rs) for all ICBs types (see 

Table 2.7). In many studies screening instruments outcomes were not confirmed by a 

diagnostic clinical interview, which decreases the likelihood of false positives (see 

Table 2.7). For example, Vela et al. (2016) reported that ICBs are present in 58.3% 

of PwP, only based on the outcome of the QUIP; however, without a clinician 

confirming the diagnosis, it cannot be excluded that prevalence reported reflects 

false positives or milder behavioural changes that cannot be considered as true ICBs. 

In future studies, outcomes of these screening questionnaires should always be 

confirmed by clinical interview. Caution should apply also when interpreting the 

results of studies in which these surrogate markers have an imaging or 

neurophysiological correlate. Being the surrogate marker possibly a false positive, 

the correlate may be not reliable.  
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Furthermore, some studies were conducted by mail and telephone interview 

(Joutsa, Martikainen, Vahlberg, Voon, & Kaasinen, 2012; Voon et al., 2006) (see 

Table 2.7), which may not detect conditions such as depression, anxiety and 

diminished cognitive function that are likely to confound the results of self-reports. 

Some studies focused only on some ICBs types, therefore underestimating the real 

ICBs overall prevalence. For example, in the two prevalence studies based in the UK 

only gambling disorder, hypersexuality, compulsive shopping, and hobbyism (Hurt 

et al., 2014) or only punding (Evans et al., 2004) were assessed thereby possibly 

underestimating the real prevalence of all ICBs, which may be higher than 14-17.8%  

(see Table 2.7). Some studies report lifetime prevalence whilst others report the 

prevalence of current ICBs, with higher prevalence rates in the former. Lifetime 

prevalence is the proportion of individuals in a population that at some point in their 

life have experience an ICB, whilst prevalence of current ICBs refers to the 

proportion of individuals that have an ICB at the time of the assessment.   

Second, medication practices, which involve both type and dosage of DRT 

prescribed, may impact on the rate of ICBs; it has been observed that, across a 3 

years period, incident rates of ICBs increases in those PwP taking DRT whilst 

decreasing in those not on DRT (Smith, Xie, & Weintraub, 2016). Furthermore, 

albeit ICBs can be developed with any type of DRT, some medications further 

increase the risk (see section “Impulsive-compulsive behaviours and Parkinson’s 

disease medication”, page 59). 

Third, environmental and cultural factors may impact on the likelihood of 

developing ICBs; for example, lower availability of casinos (and therefore reduced 

probability to engage in a specific risky behaviour) may account for lower rates of 

gambling disorder in Canada vs. North America (Weintraub et al., 2010). Low rates 
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of gambling disorder are reported in countries where it is illegal or severely 

restricted, such as Malaysia, South Korea, Turkey and India (Kenangil, Özekmekçi, 

Sohtaoglu, & Erginöz, 2010; Lee et al., 2010; Sharma et al., 2015), which may be 

the consequence of reduced availability of gambling-related activity, or may be 

related to the reluctance of disclosing behaviours that are illegal and therefore 

punishable. Cultural stigma associated with ICBs may increase the feelings of shame 

and embarrassment and prevent behaviour disclosure (Kim, Kim, Kwon, et al., 2013; 

Sarathchandran, Soman, Sarma, Krishnan, & Kishore, 2013).  

In summary, the more reliable estimated prevalence of ICBs may be around 

the 30% of PwP (Antonini et al., 2017; Rodríguez-Violante, González-Latapi, 

Cervantes-Arriaga, Camacho-Ordoñez, & Weintraub, 2014; Tanaka, Wada-Isoe, 

Nakashita, Yamamoto, & Nakashima, 2013). These rates take into account studies (i) 

investigating all ICBs types and (ii) in which ICBs diagnosis was confirmed by a 

clinical interview. For a reliable ICBs estimate, studies (i) performed in countries 

were some ICBs are severely restricted (Kenangil et al., 2010; J. Kim et al., 2013; J.-

Y. Lee et al., 2010; Sarathchandran et al., 2013; Sharma et al., 2015) or (ii) including 

PwP with dementia (Poletti et al., 2013) are not taken into account.  

It should be noted that the reported prevalence rates probably represent an 

underestimation of the real figure. For example, PwP with hypersexuality may be 

reluctant to disclose sensitive symptoms of sexual nature (Hurt et al., 2019b; Nakum 

& Cavanna, 2016), which are often reported by the carer, after initial denial by the 

PwP (Hassan et al., 2011). Also, PwP may lack awareness of their ICBs (Baumann-

Vogel et al., 2015), and prevalence rates increase when information from the 

knowledgeable informant is taken in count (Lim et al., 2011) (see Table 2.7). 
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Prevalence of ICBs is higher in PwP compared to healthy controls; this is 

supported by a recent systematic review and meta-analysis of case-control studies 

which shows higher ratio of individuals with gambling disorder, hypersexuality, 

binge eating, punding, and hobbyism in PwP vs. healthy controls (Molde et al., 

2018). This may suggest that either PD itself or DRT may increase the risk for 

developing ICBs; however, in the study of Molde et al. (2018) both drug naïve (i.e., 

not medicated yet) and under DRT PwP were included therefore preventing any 

distinction between PD- or DRT-related factors.  

Studies based on drug naïve PwP only show similar rates of ICBs in drug 

naïve and healthy controls, which indirectly suggest that ICBs develop in response to 

DRT instead of PD per sè (Antonini et al., 2011; Weintraub, Papay, Siderowf, & 

Parkinson’s Progression Markers Initiative, 2013).  

It should be noted that the reported ICBs prevalence in drug naïve PD may 

also include subclinical ICBs (i.e., change in behaviour that are not by per se 

sufficient for affecting daily functioning) and/or false positives. For example, in the 

study of Antonini et al. (2011) the scales used for assessing ICBs are screening 

instruments that may overestimate the rate of compulsive behaviours by also 

including subclinical ICBs or false positives. This also applies for the study of 

Weintraub et al. (2013) where ICBs were only assessed by screening assessment and 

the outcome was not confirmed by the neurologist for ascertain whether ICBs were 

clinically significant and therefore impacting on social and/or occupational 

functioning. The real estimated prevalence of clinically significant ICBs in drug 

naïve PD are unknown and future studies should address this question.  
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Table 2. 7 Prevalence of any type of Impulsive-compulsive behaviours in persons with Parkinson’s disease under dopamine replacement therapy. 

Ref Population PwP (N) Screening instrument Screening method ICBs assessed ICBs Prevalence (%) 
Voon et al. 2006 Canadian 297  SOGS; Lejoyeux’s 

questionnaire; HS 
questionnaire 

Survey; phone 
interview 

GD, HS, CS 6,1% (lifetime) 

Weintraub et al. 2010 US, Canadian 3090  MAGS; MIDI for HS 
and CS; and DSM-IV TR 
research criteria for BE 

Interview GD, HS, CS, BE 13.6% (current) 

Lee et al. 2010 South Korean 1167 MIDI Interview GD, HS, CS, BE, 
punding/hobbyism 

10.1% (current) 

Evans et al. 2004 UK 123 Punding questionnaire Interview Punding 14% 
Kenangil et al. 2010 Turkish 554 Clinical interview Interview GD, HS, CS, BE, 

punding/hobbyism, DDS 
5.9% 

Lim et al. 2011  Malaysian  200 QUIP Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

PwP + informant: 35.0%; 
PwP alone: 24.6%; 
Informant alone: 27.4%  

Perez-Lloret et al. 2012 French 203 QUIP Interview GD, HS, CS, BE 25% 
Joutsa et al. 2012 Finnish 575 SOGS; QUIP Postal survey GD, HS, CS, BE, 

punding/hobbyism 
34.8% (current) 

Kim et al. 2013 Korean 297 QUIP Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

15.5% 

Tanaka et al. 2013 Japanese 118 QUIP; clinical interview Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

ICDs: 12.9% 
ICBs: 21.5% 

Poletti et al. 2013 Italian 805 QUIP; clinical interview Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

8.1% 

Sarathchandran et al. 
2013 

Indian 305 MIDI; clinical interview Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

31.6% 

Callesen et al. 2014 Danish 490 QUIP Postal survey  35.9% (lifetime) 
14.9% (current) 

Rodriguez-Violante et 
al. 2014 

Mexican 300 MIDI; clinical interview 
QUIP-rs 

Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

25.6% (current) 
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Table 2.7 (continued) Prevalence of any type of Impulsive-compulsive behaviours in persons with Parkinson’s disease under dopamine 

replacement therapy. 

Ref Population PwP (N) Screening instrument Screening method ICBs assessed ICBs Prevalence (%) 
Hurt et al. 2014 UK 500 MIDI Interview GD, HS, CS, 

punding/hobbyism 
17.8% 

Sharma et al. 2015 Indian 299 QUIP Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

42.8% 

Vela et al. 2016 Spanish 87a  QUIP Interview GD, HS, CS, BE, 
punding/hobbyism 

58.3% 

Antonini et al. 2017 Italian 1069 mMIDI Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

BL: 28.6%: Y1: 29.3%; 
Y2: 26.5%  

Biundo et al. 2017 Italian  251b  QUIP-rs Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

36% 

Zhang et al. 2017 Chinese 142 QUIP Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

31% 

Erga et al. 2017 Norwegian 125 QUIP Interview GD, HS, CS, BE, 
punding/hobbyism, DDS 

30.4% 

Corvol et al. 2018 French 411 clinical interview Interview GD, HS, CS, BE, hobbyism BL: 19.7%; Y5: 32.8%  
Legend. PwP: people with Parkinson’s disease; Ref: reference study; N: number of PwP; SOGS: South Oaks Gambling Screen; MAGS: 

Massachusetts Gambling Screen; MIDI: Minnesota Impulse Disorders Interview; ICBs: impulsive-compulsive behaviours; ICDs: impulse control 

disorders; BL: baseline; Y1: year 1; Y2: year 2; Y5: year 5; DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders fourth edition - 

text revised; QUIP: Questionnaire for Impulsive-Compulsive Disorders in Parkinson's Disease; QUIP-rs: Questionnaire for Impulsive-Compulsive 



 
 

58 

Disorders in Parkinson's Disease-Rating Scale-Rating Scale - Rating Scale; HS: hypersexuality; BE: binge eating; CS: compulsive shopping; GD: 

gambling disorder; DDS: dopamine dysregulation syndrome. aearly onset PD; badvanced PD and dyskinesia.
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Impulsive-compulsive behaviours and Parkinson’s disease medication 

Retrospective case reports and prospective studies suggest a link between 

ICBs and DRT since their onset and, in some cases, their reduction or resolution 

covary with dopaminergic treatment (Bastiaens, Dorfman, Christos, & Nirenberg, 

2013; Corvol et al., 2018; Dodd et al., 2005; Mamikonyan et al., 2008; Munhoz, 

Fabiani, Becker, & Teive, 2009; Seedat et al., 2000; Smith et al., 2016). However, 

dose-response relationship is unclear (Biundo et al., 2017; Corvol et al., 2018; Erga 

et al., 2017; Hurt et al., 2014; Isaias et al., 2008; Perez-Lloret, Rey, Fabre, Ory, 

Spampinato, Brefel-Courbon, et al., 2012; Valença et al., 2013; Vela et al., 2016). 

The inconsistency in dose-response relationship findings may be due to individual 

differences in dose thresholds for ICBs appearance (Hurt et al., 2014).  

ICBs have been mainly associated with DA agonists (i.e., pramipexole, 

ropinirole, rotigotine, cabergoline, bromocriptine, and apomorphine), although they 

can be developed with all forms of DRT such as levodopa, amantadine, and MAO-B 

inhibitors (Perez-Lloret, Rey, Fabre, Ory, Spampinato, Brefel-Courbon, et al., 2012; 

Vitale et al., 2019, 2013; Weintraub et al., 2010); in a cross-sectional study, ICBs 

were reported in the 17.7% of PwP taking both a dopamine agonist and levodopa, 

14.0% taking a DA agonist without levodopa, and 7.2% taking levodopa without DA 

agonist (Weintraub et al., 2010). This means that, compared to other drugs, DA 

agonists increase almost three times the risk to develop ICBs, with the combination 

of DA agonists and levodopa increasing further the risk (Hurt et al., 2014; Weintraub 

et al., 2010). In a longitudinal study, cumulative frequency of ICBs after a median 

DA agonist treatment duration of 21 months were 39.1% (Bastiaens et al., 2013).  

Prevalence of ICBs did not differ between pramipexole and ropinirole 

(17.7%-16.6% and 15.5%-12.5%, respectively), suggesting that DA agonists as a 
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class are associated with ICBs (Poletti et al., 2013; Weintraub et al., 2010); however, 

as disease progresses, PwP are often switched from one medication to another, 

making it difficult to establish a link between a specific type of medication and 

ICBs. Garcia-Ruiz et al. (2014) investigated ICBs presence in a cohort of PwP 

chronically treated with a single type of DA agonist. They found that 84/197 (42%) 

PwP treated with oral DA agonists such as pramipexole and ropinirole developed 

ICBs compared to 7/36 (19%) PwP treated with transdermal DA agonist rotigotine 

(Garcia-Ruiz et al., 2014). As the three drugs share a similar pharmacodynamic 

profile, the authors suggest that the route of administration may play a role.  

The association between DA agonists and ICBs is further supported by 

reports of ICBs in restless legs syndrome and individuals with fibromyalgia treated 

with DA agonists (Cornelius et al., 2010; Holman, 2009; Voon, Schoerling, et al., 

2011). 

Although it is known that DRT can trigger or increase severity of pre-

existing (subclinical) ICBs, exactly how this occurs is uncertain. The 

pathophysiological connections between DRT and ICBs, which are out of the topic 

of this thesis, have been published extensively elsewhere [for extensive reviews see 

(Voon et al., 2017; Vriend, 2018)]. Briefly, the theories suggested comprise 

overactivation or overdose of the mesolimbic dopaminergic system which modulates 

responses to rewards (Voon, Mehta, et al., 2011), heightened sensitivity for 

endogenous and exogenous DA of postsynaptic receptors (Prieto et al., 2011; 

Vriend, 2018), differences in binding profiles across DRT types (Gerlach et al., 

2003; Weintraub et al., 2010), or altered equilibrium of the phasic dopamine, 

resulting in impairment in negative feedback processing important in the incentive-

driven decision-making (Frank et al., 2004).  
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Correlates  

It is unclear why not all DRT-exposed PwP develop ICBs, and why for some 

individuals ICBs become uncontrollable and problematic whilst for others are 

partially controlled and do not cause distress or interference with daily life (i.e., 

subclinical). It is likely that an interaction between DRT and unknown 

neurobiological vulnerability may increase resilience in some but may also increase 

vulnerability in others. The factors that may increase the risk of ICBs that are 

explored in this thesis are (i) affect and motivation, (ii) cognition, and (iii) neural 

substrate; however, there are other correlates that also have been identified such as 

socio-demographic, clinical, genetic and personality, which will also be briefly 

discussed.  

 

Clinical and socio-demographic correlates. Several vulnerability risk 

factors have been identified, some of them are PD-related such as younger age at 

disease onset, higher doses of dopaminergic medication, longer disease duration, 

worse motor symptoms, dyskinesia, motor fluctuation and lower quality of life 

(Biundo et al., 2017; Erga, Alves, Tysnes, & Pedersen, 2020; Hurt et al., 2014; Kim, 

Kim, Kwon, et al., 2013; Valença et al., 2013; Weintraub et al., 2010). Young onset 

PD, possibly because of distinctive pathophysiology or the nature and the duration of 

the treatment, may contribute to higher DRT levels, which in turn are associated with 

motor fluctuations (Hurt et al., 2014). REM sleep behaviour disorders are associated 

with a more than twofold higher risk of developing ICBs, according to a recent 

systematic review and meta-analysis (Lu et al., 2020). Poor sleep efficiency and 

greater daytime sleepiness have been associated with ICBs (Scullin et al., 2013), 
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albeit they may not be related but simply co-occur as side-effects of DRT, especially 

DA agonists.  

ICBs have also been associated with factors unrelated to PD such as smoking 

behaviour (Liu et al., 2019; Weintraub et al., 2010) suggesting that characteristics 

other than PD could increase the risk of developing ICBs in medicated PwP. 

Moreover, higher number of gambling problems in the relatives of PwP with ICBs 

(Weintraub et al., 2010) and personal or family history of alcoholism (Voon, 

Thomsen, et al., 2007; Weintraub et al., 2010) suggest genetic predisposition and/or 

environmental influence (i.e., living in a family context that facilitates behavioural 

addictions). The overall ICBs prevalence is higher in male than female (Antonini et 

al., 2017; Liu et al., 2019). Women are more likely to develop compulsive shopping 

and binge eating, whereas men are more likely to develop hypersexuality and 

gambling disorder (Nakum & Cavanna, 2016; Singh, Kandimala, Dewey, & 

O’Suilleabhain, 2007; Weintraub et al., 2010), similar to the gender differences 

noted in behavioural addiction in the general population (Holden, 2001).  

 

Genetic correlates. The genetic of ICBs is currently unknown and this may 

be related to a methodological issue; the only genetic studies in PwP with ICBs 

adopted a candidate genes approach (Abidin et al., 2015; Cilia et al., 2016; Cormier-

Dequaire et al., 2018; Erga et al., 2018; Kraemmer et al., 2016; Krishnamoorthy et 

al., 2016; Lee, Jeon, Kim, & Park, 2012; Lee et al., 2009). This approach is 

problematic because candidate genes studies are hypothesis driven, and when 

differences in gene variants or polymorphisms are evident, it is unknown how 

relevant or important they are because, pre-setting what will be investigated, millions 

of other polymorphisms that may play a prominent role are neglected.  
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A way to overcome this limitation is to use a Genome-Wide Association 

(GWAS) approach, which consists in exploring the entire human genome in a 

hypothesis-free manner with the purpose of discovering patterns in the entire human 

genome rather than investigating pre-specified relationships. Candidate genes studies 

are therefore useful only after GWAS studies, in order to confirm and extend 

findings. However, GWAS studies require big sample sizes, which may not be 

feasible for ICBs in PD.  

Genetic studies are an area of future research as they can pave the way for 

developing screening tools for identifying PwP at risk of ICBs before DRT initiation 

and/or developing new therapeutic agents. 

 

Personality. It has been suggested that personality traits may predispose PwP 

to develop ICBs under DRT. For example, PwP with ICBs show higher novelty 

seeking behaviours compared to PwP without ICBs (Djamshidian, O’Sullivan, 

Wittmann, Lees, & Averbeck, 2011; Evans, Lawrence, Potts, Appel, & Lees, 2005; 

Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 2020; Voon, Sohr, et al., 2011). 

Novelty seeking refers to the way in which a person reacts to novel stimuli or 

situations, with lower levels leading to a conservative behaviour and higher levels 

leading to exploratory behaviour, curiosity, excitement, and easy bored attitude 

(Cloninger, 1987). High novelty seeking traits have been associated with drug abuse 

and reward-related behaviours, both in humans and animal studies (Beckmann, 

Marusich, Gipson, & Bardo, 2011; Churchwell, Carey, Ferrett, Stein, & Yurgelun-

Todd, 2012). This association may be mediated by dopaminergic functioning as 

novel stimuli enhance dopaminergic response (Wittmann, Daw, Seymour, & Dolan, 

2008). The strongest preference for novel options modulated by chronic increase of 
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dopaminergic levels could facilitate the engagement in reward-related behaviour, 

which may then become addictive (Djamshidian, O’Sullivan, Wittmann, et al., 

2011). Drug naïve PwP, which are characterized by dopamine depletion, evidence 

low levels of novelty seeking behaviour, which are remediated following 12-weeks 

of DA agonists intake (Bodi et al., 2009). In PwP with ICBs, novelty seeking 

behaviour is significantly higher than in PwP without ICBs and healthy control 

regardless of being “on” or “off” medication (Djamshidian, O’Sullivan, Wittmann, et 

al., 2011). This suggests two hypotheses: (i) chronic, rather than acute dopaminergic 

load may trigger novelty seeking behaviour in PD or that (ii) novelty seeking 

behaviour in PwP with ICBs is a premorbid trait, which is evident before DRT 

initiation and it is not modulated by that. Whether (i), (ii) or both are true is 

unknown as no longitudinal study in drug naïve PwP who later developed ICBs has 

investigated novelty seeking yet.   

Novelty seeking behaviour is related to the positive valence system construct 

of the RDoC framework, in particular reward responsiveness which includes reward 

anticipation, initial response to reward, and satiation subconstructs. Reward 

anticipation refers to processes associated with the ability to anticipate and/or 

represent a future incentive or reward, whilst response to reward reflects processes 

evoked by the initial presentation of a positive reinforcer. Finally, satiation includes 

processes associated with the change in incentive value of a reinforcer over time as 

that reinforcer is consumed or experienced (Insel et al., 2010). Novelty seekers may 

be individuals with higher reward anticipation, higher initial response to reward, and 

higher satiation. These individuals may be attracted by novel, possibly rewarded 

stimuli (e.g., engaging in gambling for the first time) and are easily bored therefore 

looking for new stimuli or higher levels of excitement (e.g., increasing bet size in 
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gambling tasks despite losses).  Reward valuation, also part of the valence system, 

may also be involved in ICBs in PD. Reward valuation encompasses processes 

implicated in the assignment of incentive salience to stimuli based on probability of 

receiving the reward, the effort involved, and the delay to achieve the gratification. 

Dopamine has been proposed to play a key role in each of these functions [for a 

review see (Sinha et al., 2013)]. 

 

Affective and motivational correlates. Depression frequently co-occurs 

with ICBs in PD (Callesen, Weintraub, Damholdt, & Møller, 2014; Gallagher et al., 

2007; Joutsa, Martikainen, Vahlberg, Voon, et al., 2012; Pontone, Williams, Bassett, 

& Marsh, 2006; Voon, Sohr, et al., 2011). The direction of the association is difficult 

to explain. In some cases, depression could be a psychological reaction to ICBs, as 

these behaviours are related to lower quality of life and caregiver burden (Erga et al., 

2020; Leroi, Harbishettar, et al., 2012; Phu et al., 2014). Other PwP describe their 

ICBs as a way to cope with a condition as PD which can cause, among others, work 

retirement and social isolation; while engaged in the ICBs, PwP could avoid negative 

thoughts and emotions associated with having PD, thus using the behaviour as an 

emotion-focused coping strategy through emotional avoidance (Delaney, Simpson, 

& Leroi, 2012). Studies on association between depression and ICBs are further 

limited by DA agonists being potential confounds; DA agonists are one of the main 

risk factors for ICBs (Weintraub et al., 2010), but are also administered to improve 

depression in PwP (Seppi et al., 2019). Using the Parkinson’s Progression Markers 

Initiative database, data from 354 PwP assessed across 4 years were analysed. The 

incidence rate of ICBs was 19.38 cases per 100 individuals for depressed PwP and 

10.3 cases for non-depressed PwP, with depression at baseline associated with higher 
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ICBs risk. The risk remained significant after controlling for DA agonists use 

(Marín-lahoz, Sampedro, Martinez-horta, Pagonabarraga, & Kulisevsky, 2019), 

suggesting that depression increases the risk of ICBs independently from DA 

agonists.  

ICBs in PD have also been associated with anhedonia (Pettorruso et al., 

2014; Pontieri et al., 2015), anxiety (Hurt et al., 2014; Leroi et al., 2011; Voon, Sohr, 

et al., 2011), impulsivity and apathy (Pineau et al., 2016), although other studies 

reported no differences between PD groups (Merola et al., 2017; Pontieri et al., 

2015). The lack of consensus about affective and motivational correlates warrants 

future investigation, possibly using systematic reviews and meta-analyses which 

increase sample size and therefore statistical power. A clear understanding of 

affective and motivational correlates may increase our understanding of ICBs 

pathophysiological underpinnings, as well as may pave the way for new therapeutic 

opportunities (e.g., targeting ICBs with non-dopaminergic agents used for treating 

affective and motivational symptoms). 

 

Cognitive correlates. It is unclear what are the cognitive processes that 

become dysfunctional when PwP develop ICBs. Several individual studies have 

assessed cognitive performances across a wide range of cognitive domains in PwP 

with ICBs under DRT; however, their findings are inconsistent. For example, set-

shifting, working memory, and risk-taking behaviour and decision-making have been 

found to be impaired in PwP with ICBs in some studies (Biundo et al., 2011, 2015; 

Djamshidian et al., 2010; Housden, O’Sullivan, Joyce, Lees, & Roiser, 2010; Rossi 

et al., 2010; Tessitore et al., 2016), but not in others (Bentivoglio, Baldonero, 

Ricciardi, De Nigris, & Daniele, 2013; Cera et al., 2014; Joutsa et al., 2015; Leroi et 
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al., 2011; Mack et al., 2013; Mosley et al., 2019; Paz-Alonso et al., 2020; Pineau et 

al., 2016; Piray et al., 2014). Discrepancy in the literature probably reflects small 

sample sizes and therefore reduced statistical power and reproducibility, variability 

in inclusion/exclusion criteria (e.g., conditions independently associated with 

cognitive decline, such as dementia, not always excluded), ICBs diagnostic 

procedure and therefore the number of false positives, variability in the tasks used 

for assessing cognitive processes, and variability in clinical and demographic 

characteristics of the studies’ samples. Systematic reviews and meta-analyses can 

overcome these limitations. Systematic review with strict inclusion/exclusion criteria 

may exclude studies that may include presence of confounding factors that may bias 

findings (e.g., dementia), whilst in the meta-analysis low powered studies can be 

combined and differences in cognitive performance between PwP with and without 

ICBs estimated with a higher reliability.  

Cognitive performance in specific domains/tasks may provide information 

about ICBs prognosis, as supported by a 2-years longitudinal study of 80 PwP that 

found that ICBs remission was associated with better performance at baseline in 

working memory/attention tasks (i.e., digit span and attentive matrices); moreover, 

PwP with ICBs showed a less pronounced worsening over time in their cognitive 

performance (Siri et al., 2015). However, a recent 4-years longitudinal study found 

that cognitive changes over time did not differ between PwP with and without ICBs 

(Erga et al., 2019). A better understanding of the cognitive profile of PwP with ICBs 

may shed light on their pathophysiological underpinnings, which in turn may inform 

the development of new therapeutic treatments such as cognitive training 

programmes targeting index cognitive skills in order to increase the chances of 

remission.  
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Whether cognitive impairments predate DRT initiation and ICBs 

development, thereby reflecting premorbid traits warrants further investigation. To 

date, only one 3-years longitudinal study investigated cognitive performances of 

drug naïve PwP who later developed ICBs, but no differences were found compared 

to PwP who did not develop any ICBs (Tessitore, De Micco, et al., 2017); however, 

this study is limited by small sample size and the use of an abbreviated 

neuropsychological tests battery that may fail to include cognitive tasks sensitive to 

cognitive changes related to ICBs (Yücel et al., 2018). Being longitudinal studies 

expensive in terms of time and resources, it is important to first identify reliable 

correlates of ICBs in already diagnosed cases, to then track these correlates over time 

in a longitudinal study of newly diagnosed PwP as they start DRT. 

 

Neural correlates. Modern imaging studies are providing critical insight in 

the neural underpinnings of ICBs in PD, which involve both cortical and subcortical 

changes. In molecular imaging studies (i.e., Positron Emission Tomography (PET), 

Single Photon Emission Tomography (SPECT)), dysfunctions of ventral striatum 

have been found, in line with the overactivation of the mesolimbic dopaminergic 

system hypothesis (Voon, Mehta, et al., 2011). The ventral striatum is part of the 

mesolimbic system and it has been associated with incentive-driven decision-making 

and reward processing (Haber & Behrens, 2014). In response to DA agonists, PwP 

with ICBs, but no PwP without ICBs, show increase cerebral blood flow in the 

ventral striatum and frontal cortex (Claassen et al., 2017). During performance of 

gambling tasks or exposition to reward-cues PwP with ICBs show increased 

dopamine release in the ventral striatum (O’Sullivan, Wu, et al., 2011; Steeves et al., 

2009; Wu et al., 2015). Moreover, in response to a single dose of levodopa, PwP 
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with DDS release more dopamine in the ventral striatum compared to PwP without 

ICBs (Evans et al., 2006). Other brain regions have been found to be differently 

activated in PwP with and without ICBs, which include inferior temporal gyri 

(Verger et al., 2018), orbitofrontal cortex, amygdala, insula, posterior cingulate 

cortex, hippocampus, parahippocampus and supramarginal gyri (Cilia et al., 2008; 

Marín-Lahoz et al., 2020). These areas are part of the brain networks supporting 

incentive-driven decision-making and reward processing (Botvinick & Braver, 

2015). 

Molecular imaging studies’ findings are in keeping with those from 

functional Magnetic Resonance Imaging (fMRI) showing increased activation of the 

ventral striatum during the presentation of reward-related visual cues in PwP with 

hypersexuality (Politis et al., 2013) or gambling disorder (Frosini et al., 2010). 

However, during performance of risk-tasks, ventral striatum of PwP with ICBs show 

reduced activity (Rao et al., 2010; Voon, Gao, et al., 2011). Increased connectivity 

between the ventral striatum and limbic structures (e.g., habenula, amygdala, 

thalamus, insula) have been observed (Markovic et al., 2017; Petersen et al., 2018; 

Tessitore, Santangelo, et al., 2017). However, findings are not consistent as there are 

also reports of no changes in ventral striatum activity (Carriere, Lopes, Defebvre, 

Delmaire, & Dujardin, 2015) and decreased connectivity in limbic and prefrontal, 

parietal and temporal areas (Carriere et al., 2015; Markovic et al., 2017; Ruitenberg 

et al., 2018; Tessitore, Santangelo, et al., 2017).  

Brain functional abnormalities should be accompanied by morphological 

changes. However, structural MRI studies did not find any volumetric differences in 

cortical areas between PwP with and without ICBs (Biundo et al., 2011; Ruitenberg 

et al., 2018; Tessitore et al., 2016). Furthermore, volume reductions of the ventral 
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striatum were reported in some (Biundo et al., 2015; Prasad et al., 2019), but not all 

studies (Marín-Lahoz et al., 2020; Pellicano et al., 2015). Cortical thickness studies 

present mixed results, with some studies showing both thinning (Biundo et al., 2015; 

Imperiale et al., 2018; Markovic et al., 2017; Prasad et al., 2019; Tessitore et al., 

2016), increased thickness (Pellicano et al., 2015; Tessitore et al., 2016), or no 

difference (Carriere et al., 2015; Hammes et al., 2019; Hlavatá et al., 2020; Marín-

Lahoz et al., 2020) between PwP with and without ICBs. 

  Discrepancy in studies’ findings may be due to small sample sizes, 

differences in demographic and clinical characteristics of studies samples, variability 

in ICBs diagnostic procedures, and lack of consistency in MRI protocol of 

acquisition and data analysis. Using a meta-analytic approach, which overcomes 

some of these limitations, a recent study found increased activity in the ventral 

striatum and decreased activity in the anterior cingulate cortex of PwP with ICBs 

(Santangelo et al., 2019). However, findings should be considered with cautious as 

this meta-analysis was performed including only 14 studies, which limits its 

statistical power; according to the current recommendations (Eickhoff et al., 2016), 

20 studies are needed in order to perform activation-likelihood estimation meta-

analysis with enough statistical power, that is, reducing the risk that findings are 

driven by a single study. Once a satisfying number of imaging studies will be 

published, a new meta-analysis is warrant.  

Whether the brain changes are present in the premorbid phase therefore 

representing a vulnerability factor, or are the consequence of repeated exposure to 

DRT, or to rewarding-related stimulus exposure and performance of the ICBs, or a 

combination of these factors is unknown. Only prospective studies can address this 

point. The few studies on drug naïve PwP who later develop ICBs show increased 
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connectivity in the salience network (usually activated by salient and rewarding 

stimuli) and decrease connectivity both in the central executive network (engaged 

when goal-directed behaviour requiring attention is being performed) and in the 

default mode network (active during internally-directed thoughts) (Tessitore, De 

Micco, et al., 2017), but no morphological changes (Ricciardi, Lambert, Micco, 

Morgante, & Edwards, 2018; Tessitore, De Micco, et al., 2017). These findings are 

promising as they show changes that predate ICBs, however more studies with 

higher sample size are needed to confirm and extend these results. 

 

Assessment 

This section provides information about ICBs assessment tools commonly 

used in clinical and research settings, and also reviews issues related to ICBs 

assessment.  

ICBs are associated with impairments in social relationships and 

occupational functioning, financial problems, distress as well as caregiver burden; 

therefore, a prompt assessment of their presence or absence is important. If 

unrecognised, ICBs may potentially prologue their psychosocial consequences and 

become more difficult to treat. 

Initially, ICBs have been investigated through instruments not specifically 

developed for PwP (e.g., the MIDI). In the last decade, tools for detecting, 

diagnosing, and rating ICBs in PD have been developed. Recently, the MDS 

commissioned a systematic review of clinimetric properties of the ICBs screening 

tools and scales (Evans et al., 2019). The diagnostic scales that (i) cover the range of 

ICBs recognised in PD and that (ii) met the criteria for being considered as 

“recommended” in PD are: 
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- Questionnaire for Impulsive-compulsive disorders in PD (QUIP);  

- Questionnaire for Impulsive-compulsive disorders in PD rating scale (QUIP-

rs).  

The scales recommended for assessing ICBs severity are: 

- QUIP-rs; 

- Self-Assessment Scale For Dopamine Dependent Behaviors in Parkinson’s 

Disease (Ardouin short screen). 

The Scale for Outcomes in Parkinson’s Disease–Psychiatric Complications 

(SCOPA-PC) is recommended for hypersexuality, gambling disorder, and 

compulsive shopping only, as those are the only ICBs included in the scale (Evans et 

al., 2019).   

The QUIP is the first screening tool specifically developed for assessing 

ICBs in PD (Weintraub et al., 2009). A short and a full version of the QUIP exist. 

The short version of QUIP consists of 2 questions for each ICBs investigated i.e., 

gambling disorder, hypersexuality, binge eating, compulsive shopping, and DDS. 

Hobbyism, punding and walkabout are also investigated. DDS does not have a 

formal cutoff score as there were not enough PwP with DDS in the convenience 

sample. For all the other ICBs the optimal cutoff point is ≥ 1 affirmative answer. The 

QUIP ICD section (gambling disorder, hypersexuality, binge eating, compulsive 

shopping) has a sensitivity of 100% for identifying PwP with at least one ICD, and 

the total QUIP has a sensitivity of 94% for identifying PwP with at least one ICBs. 

The full version of the QUIP consists of 30 questions and it can be used when 

additional information is required (Weintraub et al., 2009). The QUIP is limited by 

the high number of false positives; according to Papay et al. (2011), the 40.3% PwP 

who are positive at the QUIP are not confirmed by diagnostic interview. This 
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suggests either overidentification by the QUIP or that many PwP present subclinical 

ICBs symptoms (Papay et al., 2011). As the QUIP cannot evaluate the severity of the 

behaviours, a rating scale was later developed.  

The QUIP-rs is a brief 28-items patient-reported or clinician-rated scale. 

Each item is rated on a 5-points Likert scale assessing frequency of symptoms with a 

range of scores from 0 (never) to 4 (very often). The questions investigate gambling 

disorder, hypersexuality, binge eating, compulsive shopping, hobbyism, punding, 

and DDS during the preceding 4 weeks. The optimal cutoff point (based on the 

North American sample) for individual ICDs (possible score 0-16 for each ICD) are 

as follows: gambling disorder ≥6, compulsive shopping ≥8, hypersexuality ≥8, and 

binge eating ≥7. For combined ICDs (possible score 0-64), the optimal cutoff point 

is ≥10. Hobbyism-punding (possible score 0-32) has an optimal cutoff point of ≥7. 

As there were no cases of DDS in the convenience sample, the cutoff score for this 

behaviour has not been established (Weintraub et al., 2012). The QUIP-rs has been 

translated and validated in US, German, French, Spanish, Brazilian, Korean and 

Japanese populations and show satisfactory metric properties (Choi et al., 2020; 

Guerra et al., 2020; Marques et al., 2019; Martinez-Martin, Rodriguez-Blazquez, & 

Catalan, 2018; Probst et al., 2014; Tanaka et al., 2013; Weintraub et al., 2012). 

However, it has not been validated in other countries where it has been used for 

research purposes such as Italy (Biundo et al., 2017; Cera et al., 2014; Morgante et 

al., 2016; Pontieri et al., 2015; Tessitore, De Micco, et al., 2017). The extensive use 

of QUIP-rs indicates an unmet need of screening tools for ICBs in those countries 

where the QUIP-rs or analogous scales/questionnaires are missing.  

Other tool frequently used for assessing ICBs presence in PD is the MIDI, 

which is a structured diagnostic interview based on Diagnostic and Statistical 
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Manual of Mental Disorders fourth edition text revised (DSM-IV TR) criteria 

originally developed for the diagnosis of gambling disorder, compulsive shopping, 

hypersexuality, kleptomania, trichotillomania, intermittent explosive disorder, and 

pyromania (Grant, 2008). The MIDI has been recently revised according to DSM-5 

criteria, and binge eating and skin-picking disorders have also been included 

(Chamberlain & Grant, 2018). For each behaviour, a gateway question is provided 

and if positive, the clinical interview based on diagnostic criteria is completed. 

Positive response to all questions indicates presence of a given impulse disorder, 

except for gambling disorder where endorsement of 5 or more items is required. 

When used, the MIDI should be integrated with other tools for assessing the ICBs 

not included, as it does not take into account the full spectrum of ICBs. According to 

the MDS commissioned systematic review, the MIDI has been classified as 

“suggested” (not reaching the “recommended” level) since clinimetric data for its 

use in PD are missing (Evans et al., 2019).  

There are several issues related to the assessment of ICBs in PD.  

First, clinic appointments are often infrequent (usually one or two per year, 

both in the UK and Italy), short in duration (an estimated 10 minutes according to 

members of the UK patient-participant involvement panel) and therefore PwP are 

focused on discussing the effectiveness of DRT in controlling the motor symptoms 

of tremor, slowness, stiffness and poor balance.  

Second, only a small proportion of PwP spontaneously report their ICBs. For 

example, Perez-Lloret et al. (2012) asked 203 PwP about any adverse events in 

connection with their current medications that had occurred during the previous 

week and only the 2% of them spontaneously reported ICBs; conversely, when a 

questionnaire listing the most common adverse events known to be related to DRT 
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was administered the figure rose to 27% (Perez-Lloret, Rey, Fabre, Ory, Spampinato, 

Montastruc, et al., 2012). PwP may be discouraged to spontaneously report their 

thoughts and behaviours by feelings of shame and guiltiness; however, there is also 

variability in the perception of the cause of the ICBs. Delaney, Simpson and Leroi 

(2012) interviewed 10 PwP with ICBs and observed that all of them made attribution 

about the cause of their behaviour ranging from perceiving them as egodystonic (i.e., 

not in line with their own personality) and caused solely by the medication, to being 

solely related to coping with PD and in keeping with their personality (i.e., 

egosyntonic) (Delaney, Simpson, et al., 2012). If the behaviour is egosyntonic, it 

may be not considered as problematic and therefore less likely to be reported. 

Conversely, if the behaviour is egodystonic, feelings of shame and guiltiness may 

prevent PwP to disclose ICBs.  

Third, even if directly interviewed, some PwP may lack awareness of their 

ICBs as supported by low agreement about symptoms presence between PwP and 

the knowledge informant. For example, when comparing the self-assessments of 150 

PwP and the ratings by their caregivers, significant differences with regard to the 

estimated prevalence of hypersexuality (PwP: 17% vs. caregivers: 55%), DDS (PwP: 

3% vs. caregivers: 31%) and punding (PwP: 9% vs. caregivers: 22%) were found 

(Baumann-Vogel et al., 2015).  

Considering all these factors, a thorough clinical interview is likely to be the 

best way to identify harmful behaviours (Evans et al., 2019). Clinicians should 

interview both PwP and carers separately, as PwP may be reluctant to disclose 

sensitive behaviours in presence of the carer. In case of discrepancy, the caregiver is 

usually considered the gold standard. 
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It should be noted that the onset or exacerbation of the behaviour is always a 

clinically significant event, even if the behaviour does not reach the diagnostic 

threshold or if it is considered as non-significant by the PwP. Detecting even subtle 

changes is important as they indicate increased risk of a more severe problem later 

(Okai et al., 2011).  

 

Management  

The NICE guidelines advise clinicians that, once ICBs are developed, they 

should be managed by modifying therapy by first gradually reducing any DA agonist 

or DRT. Together with DRT adjustments, clinicians are recommended to monitor 

whether ICBs improve and whether the person has any symptoms of DAWS 

(National Institute for Health and Care Excellence, 2017; Rogers et al., 2017), as 

PwP with ICBs have an increased risk to develop it (Limotai et al., 2012). Tapering 

of DA agonists should be done as soon as ICBs develop, because high cumulative 

DA agonists exposure increases the risk and the severity of DAWS and decreases the 

chance of successful DRT discontinuation and ICBs resolution (Rabinak & 

Nirenberg, 2010). Furthermore, no standard treatment protocols or ongoing clinical 

trials on DAWS are available (Vitale et al., 2019). 

Despite the withdrawal of DA agonists or switching to another medication, 

some PwP may maintain their ICBs, presumably because the behaviour changes over 

time from reward-driven impulsive responding to habit-related compulsive 

responding (Fineberg et al., 2014).  

 If the approach of discontinuing or tampering DA agonists is not successful, 

cognitive behavioural therapy targeting ICBs may be offered (National Institute for 

Health and Care Excellence, 2017; Rogers et al., 2017). A psychosocial model posits 
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that some PwP may develop ICBs as a consequence of maladaptive coping 

mechanisms for the impact of the PD (Delaney, Leroi, Simpson, & Overton, 2012); 

in this sense, the ICBs may be a way to avoid thinking about the disease, that may be 

targeted by cognitive behavioural therapies. Recently, the MDS commissioned an 

evidence-based medicine review on NMS treatments. Studies included had a 

minimum of 20 PwP who were treated for a minimum of 4 weeks. According to the 

authors, cognitive behavioural therapy is “likely efficacious” and “possibly useful” 

for ICBs in PD (Seppi et al., 2019). PwP who gain more benefit are those under DA 

agonist, with lower dose of DRT, lower number of ICBs, higher work and social 

functioning, and lower psychiatric symptomatology (Okai, Askey-Jones, Samuel, 

David, & Brown, 2015). There are also case reports of ICBs improvements after 

attending gamblers (Kurlan, 2004) or sex addiction support groups (Mamikonyan et 

al., 2008).  

Within non-pharmacological treatments, the role of DBS in alleviating ICBs 

symptoms is controversial; some studies show improvements of ICBs after surgery, 

probably linked to the reduction of DRT doses (Amami et al., 2015; Castrioto et al., 

2015; Lhommée et al., 2018; Merola et al., 2017), whilst others show ICBs 

worsening or new onset after DBS (Hack et al., 2014; Kim, Kim, Kim, et al., 2013; 

Merola et al., 2017; Moum et al., 2012). Some new onset of ICBs after DBS are 

transient (Amami et al., 2015; Kim et al., 2018). 

Add-on treatments such as antipsychotics (i.e., quetiapine, clozapine) and 

anticonvulsants (i.e., valproate, carbamazepine, topiramate, zonisamide) have been 

used for ICBs in PD, but reports are anecdotal and experimental evidence supporting 

their use in PD is lacking (Bach, Oertel, Dodel, & Jessen, 2009; Bermejo, 2008; 

Bermejo, Ruiz-Huete, & Anciones, 2010; Hicks, Pandya, Itin, & Fernandez, 2011; 
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Rotondo, Bosco, Plastino, Consoli, & Bosco, 2010; Sevincok, Akoglu, & Akyol, 

2007). Furthermore, a pharmacoepidemiological study provides evidence that 

atypical antipsychotics and selective serotonin reuptake inhibitors and glutamatergic 

modulators do not decrease the risk of ICBs in PwP treated with DA agonists (Jeon 

& Bortolato, 2020).   

Amantadine is a noncompetitive N-methyl-D-aspartate receptor antagonist 

which interacts with DA by enhancing release and inhibiting its reuptake and 

changing DA receptor affinity (Cera et al., 2014). Amantadine may improve ICBs 

symptoms (Thomas, Bonanni, Gambi, Di Iorio, & Onofrj, 2010), but it has also been 

associated with ICBs (Walsh & Lang, 2012; Weintraub et al., 2010). 

Naltrexone is a competitive, nonselective opioid receptor antagonist which is 

efficacious in alcohol and opioid dependency treatment (Morris, Hopwood, Whelan, 

Gardiner, & Drummond, 2001; Tiihonen et al., 2012). In a randomized, double-

blind, placebo-controlled study, 50 participants were either administered naltrexone 

or matching placebo for eight weeks (Papay et al., 2014). There were no differences 

in the clinician-based rating of global improvement, although naltrexone treatment 

led to a greater decrease in QUIP-rs score over time compared with placebo (Papay 

et al., 2014). Although these findings are promising, there is “insufficient evidence” 

to conclude on the efficacy of naltrexone for the treatment of ICBs (Seppi et al., 

2019). 

Finally, infusion therapies such as levodopa-carbidopa intestinal gel may 

improve ICBs symptoms (Catalan et al., 2018; Todorova, Samuel, Brown, & 

Chaudhuri, 2015). It is a carboxymethylcellulose aqueous gel that can be delivered 

continuously to the proximal jejunum via a percutaneous gastrojejunostomy tube 

connected to a portable infusion pump. A 3-years longitudinal study of 19 PwP 
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receiving levodopa-carbidopa intestinal gel found that 8 PwP with ICBs either 

remitted (n=6) or attenuated (n=2) their symptomatology, 2 continued to have ICBs 

(although one of them was also under dopamine agonist rotigotine patch) and none 

developed new ICBs (Todorova et al., 2015). However, in another report of 15 PwP, 

new occurrence of ICBs was described in 27% of cases treated with levodopa-

carbidopa intestinal gel (Chang et al., 2016). 

In summary, management of ICBs is complex and no treatment has enough 

evidence for being considered as efficacious and useful in clinical practice. NICE 

guidelines recommend that, once starting DRT, PwP and carers have to be provided 

with oral and written information about (i) the increased risk of developing ICBs 

which may be concealed by the person affected, (ii) the different types of ICBs, (iii) 

who to contact if ICBs are developed, and (iv) ICBs management strategy. Clinicians 

should ask about ICBs at review appointments at least once a year, and more 

frequently if changing DRTs (National Institute for Health and Care Excellence, 

2017; Rogers et al., 2017). Until medication without side-effects linked to ICBs or 

add-on therapies will not be identified and/or developed, identifying PwP vulnerable 

to ICBs is crucial.  

 

Summary 

This chapter provided background information about PD and ICBs. PD is a 

chronic, neurodegenerative and incurable condition characterized by a wide range of 

motor and non-motor symptoms. In PD, the same medication used to improve motor 

symptoms and therefore quality of life, also cause the development of one or more 

ICBs in a subset of PwP. Despite the high prevalence rates of ICBs (25-40% of 

PwP), not all medicated PwP develop ICBs. Several clinical and demographical, 
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genetic, behavioural (cognitive, affective, motivational), personality and 

neurological correlates have been identified, but studies’ findings are not consistent. 

Therefore, who are the PwP who will developed ICBs when administered with PD 

medication is still an unanswered question.  

This thesis aims to address the question about why only a subset of PwP 

develop ICBs. Neural, cognitive, affective and motivational correlates of ICBs in 

already diagnosed cases will be identified. In future studies, correlates will be 

tracked over time in a longitudinal study of newly diagnosed PwP as they start 

medication. This is important because identifying individuals vulnerable of ICBs 

before they develop it is an unmet need as clinical management consists in reducing 

or modifying DRT type, which is often not feasible or effective.  
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Chapter 3 Behavioural correlates 
 
 
 

This chapter presents the following three studies investigating behavioural 

correlates of impulsive-compulsive behaviours (ICBs) in Parkinson’s disease (PD): 

1) A small-scale single centre empirical investigation of cognitive, affective and 

motivational correlates of ICBs in persons with Parkinson’s (PwP) with and without 

ICBs and health controls (HC); 

2) A systematic review and meta-analysis of 25 behavioural studies; 

3) A large scale multicentre empirical investigation of cognitive, affective and 

motivational correlates of ICBs in PwP.  

The final section of this chapter will present an interim conclusion of the 

main results integrated across the three studies. Studies 1 and 2 have been published 

(Martini, Dal Lago, Edelstyn, Grange, & Tamburin, 2018; Martini, Ellis, et al., 2018) 

and manuscript of Study 3 is being prepared for publication. 
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Study 1: Single-centre empirical investigation of cognitive, affective and 

motivational correlates of Impulsive-compulsive behaviours in Parkinson’s 

disease1 

The study presented in this chapter has been published (Martini, Ellis, et al., 2018) and is 

reproduced with permission of the copyright holder. 

 

Abstract 

Background: Around 25-40% of PwP develop ICBs as side-effects of 

dopamine replacement therapy (DRT). Cognitive, affective and motivational factors 

may increase the risk of ICBs in PD. The present study aims to investigate incentive-

driven decision-making and associated cognitive processes in PwP with ICBs within 

a four-stages framework (Sinha et al., 2013). Relationship between ICBs and 

affective factors was explored.  

Method: Thirteen PwP with ICBs (ICB+), 12 PwP without ICBs (ICB−), and 

17 healthy controls were recruited. Overall incentive-driven decision-making and 

negative feedback effect were examined with the Balloon Analogue Risk Task 

(BART). A cognitive battery dissected decision-making processes according to the 

four-stage framework. Affective and motivational factors were measured. 

Results: There was no effect of group on overall incentive-driven decision-

making. However, there was a group × feedback interaction [F (2, 39) = 3.31, p = 

0.047]. ICB+, unlike ICB- and healthy controls, failed to reduce risky behaviour 

following negative feedback. Risky behaviour reduction in the BART negatively 

correlated with the Go/No-Go false alarms [rs (42) = − 0.336, p = 0.030]. A main 

 
1 Martini, A., Ellis, S.J., Grange, J.A., Tamburin, S., Dal Lago, D., Vianello, G., Edelstyn, N.M.J. 
(2018). Risky decision-making and affective features of impulse control disorders in Parkinson’s 
disease. Journal of Neural Transmission, 125, 131-143. 
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effect of group was found for anxiety and depression [F (2, 38) = 8.31, p = 0.001, ηp2 

= 0.30], with higher symptoms in ICB+ vs. healthy controls. Groups did not differ in 

cognitive outcomes or affective and motivational metrics. 

Conclusions: ICBs may show relatively preserved cognitive function, but 

reduced sensitivity to negative feedback during incentive-driven decision-making 

and higher symptoms of depression and anxiety. Failure to decrease the risky 

behaviour following negative feedback may increase vulnerability to 

psychopathology in PD, marked by, for example, gambling, over-eating, or 

unregulated shopping. In turn, the negative consequences of these activities – such as 

financial loss, morbidity associated with weight gain – may fail to modify the 

individual’s behaviour.
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Introduction 

An estimated 25-40% of PwP are reported to develop clinically relevant ICBs 

(Antonini et al., 2017; Callesen et al., 2014; Erga et al., 2017; Joutsa, Martikainen, 

Vahlberg, Voon, et al., 2012; Perez-Lloret, Rey, Fabre, Ory, Spampinato, 

Montastruc, et al., 2012). 

A widely held view suggests that ICBs are side effects of dopaminergic 

replacement therapy (DRT) prescribed to ameliorate the cardinal motor symptoms of 

PD (Voon, Mehta, et al., 2011; Voon, Potenza, & Thomsen, 2007). According to the 

“overdose hypothesis”, the requisite dopaminergic state necessary to control motor 

symptoms has the potential to move the same patients away from their optimum for 

certain cognitive functions (Cools, 2006; Cools, Barker, Sahakian, & Robbins, 2001; 

Cools & Robbins, 2004; Rowe et al., 2008), including incentive-driven decision-

making. According to this hypothesis, the relationship between the efficiency of 

neuronal activity and the state of dopaminergic modulation is represented by a 

Yerkes–Dodson inverted U-shaped curve with incentive-driven decision-making and 

cognitive function declining with deviation away from optimum dosage for motor 

symptoms, indicated by the centre of the curve. This model implies that DRT may 

both improve and impair risk-taking behaviour depending on baseline dopamine 

levels in the underlying mesocorticolimbic circuitry. 

ICBs are more common in patients medicated with both dopamine (DA) 

agonist and levodopa compared to those taking only DA agonist or levodopa 

(Weintraub et al., 2010). A number of other factors, including younger age, being 

unmarried, current smoking, and a family history of gambling problems 

independently increased the risk of ICBs (Liu et al., 2019; Weintraub et al., 2010). 

This suggests a more complex relationship that includes both DRT and non-DRT 
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factors. Converging evidence suggests that psychological factors, including 

depression, anxiety, and apathy, may contribute to ICBs in PD (Callesen et al., 2014; 

Joutsa, Martikainen, Vahlberg, Voon, et al., 2012; Leroi, Andrews, et al., 2012; 

Marín-lahoz et al., 2019; O’Sullivan, Loane, et al., 2011; Pineau et al., 2016; Pontieri 

et al., 2015; Santos Garcia et al., 2021; Wu et al., 2015). 

Sinha et al. (2013) provide a framework of incentive-driven decision-making 

which may account for specific forms of DA-dependent impulsivity in PD, which 

may result in ICBs. According to this framework, incentive-driven decision-making 

can be framed in four dissociable stages: option generation, option selection, action 

initiation or inhibition, and learning (see Figure 3.1). Abnormal functioning of each 

of these stages may result in a specific form of impulsivity. According to this 

framework, several behavioural options should be generated instead of producing a 

single option and acting without considering other alternatives (option generation); 

the generation of behavioural options relies, at least in part, on perceptual and 

attentional mechanisms. These options are then valued and compared based on 

features including predicted reward, punishment, effort required, time involved to 

outcome delivery, and probability of outcome (option selection). The chosen option 

is then associated with the appropriate action, but there is a fail-safe mechanism 

whereby such action can be inhibited if the wider context changes, which might 

mean that a behaviour is no longer advantageous (action initiation or inhibition). The 

real outcomes of behaviours are compared with predictions made prior to making 

these actions (learning). Such comparisons play a key role in learning and feeding 

back on option selection mechanisms. Cognitive processes underlying each of these 

stages may be modulated, to some extent, by DA, with either lower or higher DA 

levels leading toward apathy or impulsivity, according to the previously described 
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inverted U-shaped curve. Moreover, factors other than dopaminergic modulation 

such as depression or anxiety can also influence processes within each stage.   

 

  

Figure 3. 1 Incentive-driven decision-making framework. Reprinted under 

permission from Sinha, Manohar, & Husain, 2013, John Wiley and Sons and 

Copyright Clearance Center. 

 

Preliminary evidence provides partial support for this framework. PwP with 

ICBs gather less information before making a decision (Djamshidian et al., 2014, 

2012), and show preference for immediate smaller rewards than delayed bigger ones 

(i.e., temporal discounting) (Housden et al., 2010; Leroi et al., 2013; Voon, 

Reynolds, et al., 2010), reflecting abnormal processes in the option generation and 

option selection stages, respectively. Action initiation and inhibitory control appear 

relatively spared in PwP with ICBs, based on performances on the Stroop task, the 

Stop Signal task and the Continuous Performance Task (Claassen et al., 2015; 
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Djamshidian, O’Sullivan, Lees, & Averbeck, 2011; Marín-Lahoz et al., 2018; 

Ricciardi et al., 2017). Learning from rewards was reported to be spared in PwP with 

ICBs (Housden et al., 2010; Piray et al., 2014; Voon, Pessiglione, et al., 2010), 

whereas the effect of negative feedback on learning appears equivocal, with studies 

reporting either impairment (Leplow et al., 2017; Piray et al., 2014), sparing 

(Djamshidian et al., 2010), or no differences (Claassen et al., 2011).  

ICBs in PD might be associated with disruptive modulation of dopaminergic 

medication in some but not all stages of the incentive-driven decision-making 

process; no studies to date have specifically investigated all these stages within a 

single cohort of PwP with and without ICBs. Moreover, cognitive impairments 

might interact with other factors (e.g., low mood) facilitating the engagement on 

risk-taking behaviours; thereby, studies should also include measures of affective 

and motivational factors previously associated with ICBs in PD. 

In this study, incentive-driven decision-making has been investigated with 

the Balloon Analogue Risk Task (BART) (Lejuez et al., 2002) and the stages of the 

underlying framework (Sinha et al., 2013) dissected through a battery of cognitive 

tasks. Over the variety of tasks, the BART has the advantages of being an ecological 

measure of incentive-driven decision-making as it mimics many real-world risks, 

where probability of loss is initially small but grows persisting in the behaviour (e.g., 

substance abuse) (Lejuez et al., 2002; Schonberg, Fox, & Poldrack, 2011). The 

BART has been extensively used with healthy as well as clinical populations, and 

performances in the task correlate with risky behaviours in real life such as drug 

abuse, smoking behaviour, sexual promiscuity and risky traffic behaviour (Hopko et 

al., 2006; Lejuez, Aklin, Jones, et al., 2003; Lejuez, Aklin, Zvolensky, & Pedulla, 
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2003; Lejuez et al., 2002; Raymond et al., 2020; Sehrig, Weiss, Miller, & Rockstroh, 

2019; Vaca et al., 2013).  

During the BART, participants are provided with several virtual balloons to 

pump up, one at time. With each pump money is earned; however, each balloon has 

a maximum unknown capacity over which additional pumps would result in balloon 

burst and money loss. Participants have to decide how much to inflate the balloon, 

trying to stop before it bursts in order to save the money. 

Modified version of the BART has been used in PwP with ICBs (Claassen et 

al., 2011; Rao et al., 2010), which showed the task to be sensitive to ICBs. 

Diminished blood oxygen level dependent (BOLD) activity in the right ventral 

striatum during BART performances compared to PwP without ICBs has been 

observed, although there were no differences in the behavioural performances (Rao 

et al., 2010). Furthermore, DA agonists increase risk-taking behaviour of PwP with 

ICBs, whilst it did not affect risky behaviour in PwP without ICBs (Claassen et al., 

2011). However, both those studies used a modified version of the original task in 

which the number of possible pumps is reduced [e.g., 1-12 or 1-14 and 1-7, instead 

of 1-128 as the original version (Claassen et al., 2011; Rao et al., 2010)], which may 

be less sensitive to individual variability in behavioural performances (Lejuez et al., 

2002).  

 

Aims and predictions 

This study aims to investigate incentive-driven decision-making and affective 

and motivational features of ICBs in PD. To this aim, incentive-driven decision-

making was investigated in PwP with (ICB+) and without ICBs (ICB-) and healthy 

controls (HC) using the BART. Also, the stages of the decision-making framework 



 
 

89 

proposed by Sinha et al. (2013) were dissected and explored through a battery of 

cognitive tasks. As affective factors may influence the processes in those stages 

promoting or reducing impulsivity, the relationship between ICBs and previously 

identified affective and motivational factors were investigated. In this study, a single 

cohort of demographically and clinically matched PwP were used, thereby 

controlling for differences in PD population. Demographically matched healthy 

adults have been included to provide baseline control data. 

The predictions were that, ICB+, compared to ICB- and HC would show: 

1.  Increased risk-taking behaviour related incentive-driven decision-making in 

the BART; 

2.  Poorer performances on cognitive tasks assessing processes related to the 

option generation, option selection, and learning stages, consistent with the 

wider PD literature. Whether inhibitory control (action initiation and inhibition 

stage) is involved in ICBs in PD was uncertain, as performances of PwP with 

ICBs were reported to be relatively spared.  

3.  Increased levels of depression, anxiety and impulsivity, but not apathy as the 

latter seems to be associated with a hypodopaminergic instead of 

hyperdopaminergic state as ICBs. 

 

Method 

Peer Review and Ethic Approval  

The study was approved in September 2014 by NRES Committee West 

Midlands – Edgbaston (Appendix A) following the submission of a complete 

protocol, participants’ consent forms and information sheets, validated and non-
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validated questionnaires and neuropsychological assessments. The study was also 

approved by Keele University Ethical Review Panel in August 2014 (Appendix B). 

 

Participants 

Persons with Parkinson’s disease  

Identification (Pre-screening). Three hundred forty seven eligible PwP with a 

diagnosis of idiopathic mild to moderate PD diagnosed according to the UK 

Parkinson’s disease Society Brain Bank (UKPDSBB) diagnostic criteria (Gibb & 

Lees, 1988) were identified by a research nurse. Contact details were gathered from: 

(1) the PD database and clinic lists of the University Hospital of North Midlands, 

Department of Neurology; (2) Keele research team list of PwP who have taken part 

in previous studies, and have provided their consent to be contacted about 

participation in future research studies; and (3) volunteers who provided contact 

details following talks. 

 

Recruitment. Sixty eligible PwP were sent a study pack consisting of a letter 

of invitation, information sheet, opt-in response slip and stamped addressed envelope 

(Appendix C). The stamped address envelope was addressed to the research nurse. 

After two weeks, a reminder letter was sent to PwP who did not return the response 

slip. PwP who did not reply to the reminder letter were not contacted again. PwP 

opting into the study were invited for a screening session with the chief 

investigator/principal investigator (CI/PI), consultant neurologist, and the research 

nurse. 
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Screening visit. Twenty-seven PwP attended the screening visit with the 

CI/PI and the research nurse. The screening visit took place in the morning during 

dedicated research clinics at the Guy Hilton Research Centre, University Hospital of 

North Midlands, and lasted about 60 minutes. Mental capacity to consent was 

assessed by CI/PI before PwP signed consent forms (Appendix D). Capacity to 

provide informed consent was based on a combination of Mini-Mental State 

Examination (MMSE) (Folstein et al., 1975) minimum score of 25 plus functional 

assessment of mental capacity with the Four Stage Assessment of Functional 

Capacity Questionnaire. No study procedure was initiated until PwP provided 

written informed consent. 

During the screening visit the CI/PI was also responsible for: (1) reviewing 

inclusion/exclusion criteria; (2) clinical assessment of PD symptoms [modified 

Hoehn & Yahr (H&Y) Scale (Hoehn & Yahr, 1967), Unified Parkinson’s disease 

rating scale (UPDRS) motor examination subsection and motor complications 

subsection (Fahn & Elton, 1987)]; (3) medical history record; and (4) PwP’ 

allocation to the ICB+ or ICB- group according to a semi-structured interview (i.e., 

ICBs Screening Interview, Appendix E) which includes adapted diagnostic criteria 

for gambling disorder, binge eating (American Psychiatric Association, 2013); 

compulsive shopping (McElroy et al., 1994); hypersexuality (Voon et al., 2006); 

punding (Voon & Fox, 2007), and dopamine dysregulation syndrome (DDS) 

(Giovannoni et al., 2000). PwP allocated to the ICB+ group had clinically significant 

ICBs in the previous three months (active ICBs), thereby no ICBs remitters were 

included in the sample; this assures a more homogeneous sample and therefore more 

robust results and interpretations as some variables may be ICBs-related and not 

present once ICBs are resolved. PwP allocated to the ICB- group did not have ICBs 
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either in the present or in the past. It should be noted that PwP in this study had ICBs 

of such severity that they were deemed by the neurologist to be clinically significant. 

 

Inclusion/exclusion criteria. PwP included in the study were both male and 

female, between 35 and 85 years of age, and with a diagnosis of idiopathic PD 

according to the UKPDSBB diagnostic criteria (Gibb & Lees, 1988). Since cognitive 

impairment and severe motor disease are common in later stage of PD, all 

participants were in the mild (i.e., 1, 2, 2.5) or moderate (i.e., 3) stages of the disease 

according to the modified H&Y scale and fully able to provide informed signed 

consent. PwP were currently medicated with either: immediate or prolonged release 

versions of pramipexole dihydrochloride monohydrate, 520 micrograms to 3.15 mg, 

or immediate or prolonged release versions of ropinirole hydrochloride, range 2 mg 

to 24 mg or rotigotine transdermal patch, dose range 2-16 mg per 24 hours and/or 

immediate or prolonged release preparation of levodopa and/or a MAO-B inhibitor 

(generic or branded versions as appropriate) and/or COMT inhibitor, apomorphine, 

amantadine. 

PwP were excluded if younger than 35 and older than 85 years of age. Since 

the neuropsychological assessment battery is validated in a British population, 

participants who were not fluent in English were excluded. PwP were also excluded 

if had: (i) cognitive impairment as assessed with the assessment of functional 

capacity and the MMSE scoring lower than 25; (ii) moderate and severe PD, 

indicated by a score of 4, 5 on the modified H&Y scale; (iii) co-morbid for another 

neurological illness (other than PD); (iv) history of learning difficulty including 

dyslexia; (v) physical inability to attend or comply with treatment scheduling, such 

as upper limb amputations, crippling degenerative arthritis; (vi) active malignancy; 
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(vii) major psychotic phenomenology including hallucinations or lack of awareness 

of dyskinesias; and (viii) incapacitating dyskinesias on a stable dose of levodopa. 

PwP were also excluded if they were taking centrally acting anticholinergic drugs 

and/or atypical antipsychotics. 

 

Persons with Parkinson’s disease Participants. Twenty-seven PwP with 

idiopathic non-dementing PwP were enrolled in the study, but two of them were 

excluded. Reasons for exclusions were (1) wrong medication regimen, and (2) 

increased anxiety around the research visits. Therefore, 25 PwP (21 males, 4 

females; mean age = 64.04, SD = 9.18) completed the study. All PwP were in the 

mild to moderate stages of PD (modified H&Y mean score = 2.46, SD = 0.54). 

Summary of PwP recruitment is listed in table 3.1. 
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Table 3. 1 Summary of eligible persons with Parkinson's disease identified and 

recruited. 

Stage of recruitment Number of PwP 

Identified as eligible (pre-screening) 347 

Invited (via invitation pack) 60 

Declined to participate 33 

Opted in the study 27 

Excluded during the screening 1 

Excluded during the research visit (withdrawn) 1 

Participated in the study 25 

 Legend. PwP: persons with Parkinson’s disease.  

 

PwP were divided in two subgroups: thirteen PwP (11 males, 2 females) with 

ICBs were allocated to the ICB+ group, and 12 PwP (10 males, 2 females) with no 

ICBs history were allocated to the ICB- group. The ICB+ and ICB- subgroups had 

comparable age [t(23) <1, p = 0.75, d = -0.13, 95% CI [-0.91, 0.66]], current levels 

of functioning [MMSE: t(23) <1, p = 0.29, d = -0.43, 95% CI [-1.22, 0.36]], age at 

PD onset [t(23) <1, p = 0.88, d = 0.06, 95% CI [-0.72, 0.85]], disease duration 

[U(23) = 58.5, p = 0.29, rrb = -0.25, 95% [-0.61, 0.20]], motor functioning [UPDRS-

III: t(23) = 1.19, p = 0.25, d = 0.48, 95% CI [-0.33, 1.27]] and complications of 

therapy [UPDRS-IV: t(23) <1, p = 0.68, d = -0.16, 95% CI [-0.95, 0.62]], disease 

severity stage [modified H&Y: t(23) <1, p = 0.72, d = -0.15, 95% CI [-0.94, 0.64]], 

DA agonist use (two-tailed Fisher exact test, p = 0.41) and total Levodopa 

equivalent daily dosage [total LEDD, mg: U(23) = 61.00, p = 0.35, rrb = -0.22, 95% 

CI [-0.59, 0.24]] (Tomlinson et al., 2010). 
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Healthy controls 

Recruitment. HC contact details were gathered from (1) a list of participants 

who have taken part in previous studies and agreed to be contacted again about 

participation in future research or (2) word of mouth. Also, (3) volunteers who 

provided contact details following talks were recruited. 

Twenty-three eligible HC were contacted via e-mail or sent a study pack 

consisting of a letter of invitation, information sheet, opt-in response slip and 

stamped addressed envelope to return to the Keele research team (Appendix F). Two 

weeks later, a reminder letter was sent to participants who did not return the response 

slip. Participants who did not reply to the reminder letter were not contacted again. 

Participants opting into the study were invited for the first research visit at Keele 

University, School of Psychology. No study procedure was initiated until PwP 

provided written informed consent (Appendix G). 

 

Inclusion/exclusion criteria. Participants included in the study were both 

male and female, aged between 35 and 85 years of age, English as first language. HC 

were excluded if: (i) diagnosed with PD; (ii) diagnosed with a neurological illness; 

(iii) attending a memory clinic; (iv) unable to provide informed consent due to 

cognitive decline; (v) history of learning difficulty including dyslexia; (vi) physical 

inability to take part in research, such as upper limb amputations, crippling 

degenerative arthritis; (vii) active malignancy; (viii) family history of PD (more than 

one relative affected by PD); (ix) psychiatric history including schizophrenia, 

depressive illness; (x) family history of schizophrenia, depressive illness; (xi) major 

psychotic phenomenology including hallucinations; (xii) hypotension; (xiii) history 

of ICBs; (xiv) history of alcohol and/or drug abuse. Normal controls were also 
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excluded if taking anticholinergics, antipsychotics (typical or atypical) and/or 

antidepressants drugs. 

 

Healthy controls Participants. Seventeen HC (10 males, 7 females; age: M = 

68.65, SD = 6.76) were enrolled in the study. 

 

Matching Parkinson’s disease subgroups and healthy controls. ICB+ and 

ICB- were matched to the HC for age [F(2,39) = 1.59, p = 0.22, ηp2 = 0.07], sex 

[Fisher-Freeman-Halton test, p = 0.27], years of education [F(2,39) = 1.27, p = 0.29, 

ηp2 = 0.06] and current level of functioning as assessed both with the MMSE 

[F(2,39) <1, p = 0.46, ηp2 = 0.04] and the more comprehensive Cambridge Cognitive 

Examination (CAMCOG) (Roth, Tym, & Mountjoy, 1986) [F(2,39) = 3.09, p = 0.06, 

ηp2 = 0.14]. Premorbid crystallized IQ, measured with the Wechsler Test of Adult 

Reading (WTAR) (Wechsler, 2009a), was comparable between PD groups [ICB+: M 

= 108.23, SD = 9.83; ICB-: M = 101.92, SD = 6.39; p = 0.16, d = -0.75, 95% CI [-

14.01, 1.38]] but significantly higher in HC [M = 116.12, SD = 7.15; HC vs. ICB+: p 

=0.03, d = 0.94, 95% CI [0.81, 14.97]; HC vs. ICB-: p = 0.00007, d = 2.07, 95% CI 

[6.95, 21.45]]. Daytime sleepiness, measured with the Epworth Sleepiness Scale 

(ESS) (Johns, 1991) was comparable between PD subgroups [ICB+: M = 13.42, SD 

= 3.65; ICB-: M = 9.58, SD = 4.38; p = 0.10, d = -0.95, 95% CI [-8.07, 0.40]] but 

significantly higher in the ICB+ vs. HC group [HC: M = 7.53, SD = 4.54; HC vs. 

ICB+: p = 0.002, d = -1.40, 95% CI [-9.80, -1.97]]. CAMCOG, WTAR and ESS 

data have been collected during the research visits (see section “testing session 

procedure”, page 100). Table 3.2 shows baseline and clinical characteristics of the 

study sample.
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Table 3. 2 Baseline data and clinical characteristics of the study sample. 

Variables ICB+ (n=13) ICB- (n=12) HC (n=17) F, t, χ² values p Post hoc  
Age (y) 64.62 ± 7.6, 65 63.42 ± 10.96, 66 68.65 ± 6.76, 68 F(2,39)=1.59 0.22  
Male, n (%) 11 (84.6%) 10 (83.3%) 10 (58.8%)  0.27§|  
Education (y) 13.77 ± 2.92, 13 13.58 ± 3.15, 12 15.23 ± 3.25, 15 F(2,39)=1.27 0.29  
ESS 13.42 ± 3.65 9.58 ± 4.38 7.53 ± 4.54 F(2,38)=6.77 0.003 HC < ICB+; HC = ICB-; ICB+ = ICB- 
WTAR 108.23 ± 9.83 101.92 ± 6.39 116.12 ±7.15 F(2,39)=11.69 0.00007 HC > ICB+; HC > ICB-; ICB+ = ICB- 
CAMCOG 96.77 ± 3.27, 97 94.75 ± 6.61, 95.5 99.29 ± 2.62, 99 F(2,39)=3.09a 0.06  
PD features       

Age at onset 56.38 ± 7.73 57.08 ± 13.42 NA t(23) <1 0.88  
Duration 8 ± 4.06, 8 7.29 ± 7.51, 5.5 NA U(23)=58.5 0.29  
UPDRS-III 17.31 ± 5.96 20.92 ± 9.03 NA t(23)= 1.19 0.25  
UPDRS-IV 3.69 ± 3.97 3.17 ± 1.99 NA t(23) <1 0.68  
H&Y 2.5 ± 0.35 2.41 ± 0.70 NA t(23) <1 0.72  
Total LEDD (mg) 552.85 ± 353.42, 

450 
451.42 ± 293.77, 

355 
NA U(23)=61.00 0.35  

DA agonist use, n 
(%) 

10 (76.9%) 7 (58.3%) NA  0.41§§  

ICB type       
Single ICB 3/ 1/ 1/ 3b 0 0    
Multiple ICBs 5c 0 0    
Legend. ICB: impulsive-compulsive behaviour; ICB+: PwP with ICBs; ICB-: PwP without ICBs history; HC: healthy controls; Education: years 

of formal education; ESS: Epworth sleepiness scale; WTAR: Wechsler Test of Adult Reading; CAMCOG: Cambridge Cognitive Examination 

(total score); UPDRS-III: Unified Parkinson’s disease rating scale part III (motor score); UPDRS-IV: Unified Parkinson’s disease rating scale 

part IV (motor complications); H&Y: modified Hoehn-Yahr disease severity rating scale; Total LEDD: total Levodopa Equivalent Daily 

Dosage; DA: dopamine; NA: not available. Continuous variables are presented as mean ± standard deviation, median. Median is reported for 
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variables that were not normally distributed. aLog10 transformed data. bhypersexuality: n=3, binge eating: n=1, compulsive shopping: n=1, 

punding: n=3; c hypersexuality + punding + compulsive shopping: n =2, hypersexuality + punding: n = 1, hypersexuality + compulsive shopping: 

n = 1 hypersexuality + binge eating: n = 1.  §| Fisher-Freeman-Halton test. §§two-tailed Fisher exact test.
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Design 

This is a single-centre, cross-sectional, empirical single blind study of PwP, 

with and without ICBs, and HC. Flow diagram of the study is provided in Figure 3.2. 

  

Figure 3. 2 The flow diagram of the study procedure. PD: Parkinson’s disease; HC: 

healthy controls; ICB: impulsive-compulsive behaviour; ICB+: PwP with impulsive-

compulsive behaviour; ICB-: PwP without impulsive-compulsive behaviour; 

UHNM: University Hospital of North Midlands.  
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Procedure 

Testing Session Procedure. Twenty-five PwP (ICB+: 13; ICB-: 12) attended 

two 60-90 minutes research visits on two consecutive days at the School of 

Psychology, Keele University. PwP were in an optimally medicated state (i.e., at 

least 120 minutes after having taken their first DRT of the day). To avoid 

performance bias, the assessor was blind to the ICBs status, but not to PD diagnosis. 

During the research visits PwP completed measures of (i) incentive-driven 

decision-making, and (ii) cognitive processes associated with the four stages 

decision-making framework (Sinha et al., 2013). Assessments used during the 

research visits are listed in Table 3.3. PwP also completed questionnaires that 

provide subjective measures of (iii) affective and motivational factors. 

Questionnaires were provided at the end of the screening visit to complete at home 

and return at the first research visit. 

Seventeen healthy controls attended the two research visits and completed 

the same tests and questionnaires as the PD groups. Questionnaires were provided at 

the end of the first research visit to complete at home and return at the second 

research visit. The order of the assessments on the two consecutive days was the 

same for all participants. 
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Table 3. 3 Cognitive assessments administered in each research session and 

questionnaire to complete at home. 

Research Session 1 (90 mins testing 
PLUS breaks) 

Research Session 2 (90 mins testing PLUS 
breaks) 

TMT-A, TMT-B (5 mins) WTAR (3 mins) 

Logical Memory Immediate (10 mins) CAMCOG (20 mins) 

Divided Attention (25 mins) BART (15 mins) 

Go/No-Go task (5 mins) Hayling Sentence Completion Task (10 mins) 

Logical Memory Delayed (5 mins) Brixton Spatial Anticipation Test (5 mins) 

Questionnaires to complete at home (20 mins) 

Epworth Sleepiness Scale (3 mins) 

Barratt Impulsiveness Questionnaire (5 mins) 

Starkstein Apathy Scale (5 mins) 

Hospital Anxiety and Depression Scale (5 mins) 

Legend. TMT-A: Trail Making Test part A; TMT-B: Trail Making Test part B; 

WTAR: Wechsler Test of Adult Reading; CAMCOG: Cambridge Cognitive 

Examination; BART: Balloon Analogue Risk Task.
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Stimuli 

Clinical Measures 

Modified Hoehn and Yahr Staging Scale. The H&Y scale is a five-point scale 

to clinically describe PD stages, combining functional disability and objective signs 

of impairment (Goetz et al., 2004; Hoehn & Yahr, 1967). During the 1990s, a 

modified version including two intermediate stages was developed (Table 3.4). The 

modified H&Y scale (Appendix H) has been used in order to exclude PwP with 

severe PD (i.e., stages 4-5).  

 

Table 3. 4 Original and modified Hoehn and Yahr Staging Scale. 

Hoehn and Yahr Staging Scale Modified Hoehn and Yahr Staging Scale 
1: Unilateral involvement only usually with 
minimal or no functional disability 
 

1: Unilateral involvement only 
 

-- 1.5: Unilateral and axial involvement 
 

2: Bilateral or midline involvement without 
impairment of balance 
 

2: Bilateral involvement without 
impairment of balance 
 

-- 2.5: Mild bilateral disease with recovery 
on pull test 
 

3: Bilateral disease: mild to moderate disability 
with impaired postural reflexes; physically 
independent 
 

3: Mild to moderate bilateral disease; some 
postural instability; physically independent 
 

4: Severely disabling disease; still able to walk or 
stand unassisted 
 

4: Severe disability; still able to walk or 
stand unassisted 
 

5: Confinement to bed or wheelchair unless aided 5: Wheelchair bound or bedridden unless 
aided 

 

 

Unified Parkinson’s Disease Rating Scale. PD-related disability and 

impairment over the disease progression has been assessed with the UPDRS 

(Appendix I) (Fahn & Elton, 1987). The scale is widely used in the clinical and 

research settings. It includes four sections evaluating mental, behaviour and mood 
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(UPDRS-I), activities of daily living (UPDRS-II), motor examination (UPDRS-III), 

and motor complications (UPDRS-IV). In this study, UPDRS-III and UPDRS-IV 

have been used.  

The UPDRS-III comprises 14 items assessing severity of PD-related motor 

features such as speech, facial expression, tremor at rest, action or postural tremor of 

hands, rigidity, finger taps, hand movements, rapid alternating movements of hands, 

leg agility, arising from chair, posture, gait, postural stability, body bradykinesia and 

hypokinesia. Items are scored from 0 (absent) to 4 (marked disability). The UPDRS-

IV includes 11 items evaluating dyskinesias (duration, disability), motor fluctuations 

(“off” periods predictable or unpredictable, “off” periods come suddenly or not, 

proportion of the waking day in which PwP is “off”), and dystonia. Items can range 

from 0 (none, not disabling) to 4 (severe, completely disabled, e.g., 76-100% of the 

day). 

 

Epworth Sleepiness Scale. The ESS (Johns, 1991) (Appendix J) is an 8-items 

self-report measure of daytime sleepiness. Participants are provided with 8 scenarios 

(e.g., “sitting and reading”, “watching television”) and they have to rate the chance 

of dozing for each situation on a 4 points scale, with 0 meaning “would never doze” 

and 3 meaning “high chance of dozing”. Scores are summed to obtain a total score. 

As side effects of DRT, PwP might experience sleep disturbances and increased 

daytime sleepiness (Kaynak, Kiziltan, Kaynak, Benbir, & Uysal, 2005; Ondo et al., 

2001), which in turn may affect cognitive performances (Fortier-Brochu, Beaulieu-

Bonneau, Ivers, & Morin, 2012). The ESS was included in this study to compare 

daytime sleepiness levels across groups. 
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Mini-Mental State Examination. For screening purposes only, global 

cognitive functioning was assessed using the MMSE (Folstein et al., 1975) 

(Appendix K), which is a brief, widely accepted instrument for screening of 

cognitive impairment and dementia. Although it has not been developed specifically 

for PD, it is extensively used in PD studies (Chou et al., 2010). The MMSE consists 

of five cognitive domains: orientation, registration and short-term recall, attention 

and concentration, language, and visuospatial function. It normally requires 10 

minutes to be completed. Scores range from 0 to 30 (0-10 normal cognition, 11-20 

moderate cognitive dysfunction, 21-26 mild cognitive dysfunction, and 27-30 normal 

cognitive function), and 24 is generally used as cutoff to screen dementia. 

 

Cambridge Cognitive Assessment. The CAMCOG (Appendix L) is a 

comprehensive neuropsychological tests battery for the assessment of cognitive 

impairment in elderly that is part of the Cambridge Examination for Mental 

Disorders of Elderly (Roth et al., 1986). It consists of 67 items with a total score of 

105 and subscores for orientation, language, memory, attention and calculation, 

praxis, abstract thinking, and perception. The assessment of executive function does 

not contribute to the total score, but it can be calculated as an additional score. 

Although the CAMCOG was developed to detect cognitive impairment in 

Alzheimer’s disease, it has been recognized as a useful tool for screening dementia 

and cognitive impairments in PD as well (Hobson & Meara, 1999).  

In this study, participants were administered both the MMSE and the 

CAMCOG. The MMSE was administered during the screening visit to exclude 

dementia and ascertain the ability to take part in the study (exclusion criteria), whilst 

CAMCOG was administered during the research visit to have a more comprehensive 
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and detailed cognitive profile since the MMSE demonstrates ceiling effects in 

subjects with mild cognitive impairments (Wind et al., 1997). CAMCOG total score 

has been included to characterize the cognitive profile of the sample, whilst 

executive function and memory subscores have been used as measures of option 

generation and learning stage, respectively (see “cognitive test battery” section). 

 

Wechsler Test of Adult Reading. Premorbid intellectual functioning was 

assessed with the WTAR (Wechsler, 2009a) (Appendix M), that consists of 50 

irregular words, which pronunciation cannot be inferred by the spelling rules (i.e., 

grapheme-phoneme translation), but relies on previous knowledge. Participants are 

asked to read each irregular word aloud. Each error is recorded and summed to 

obtain a scaled score (using normative scores and conversion tables provided in the 

manual). Reading abilities, compared to other skills, are relatively preserved in the 

presence of cognitive decline (Lezak, Howieson, Bigler, & Tranel, 2012). The 

WTAR was used to compare premorbid intellectual functioning levels between 

groups, which may account for differences in cognitive performance. 

 

Incentive-driven decision-making task 

The Balloon Analogue Risk Task. The BART (Appendix N) is a 

computerized risk-taking task related to incentive-driven decision-making, where 

choices are based on explicit probabilistic information (Lejuez et al. 2002). The 

BART was shown to be an ecologically valid and sensitive measure of risk-taking 

behaviour, as it positively correlates with both self-report impulsivity and real-world 

risky behaviours, such as number of sexual partners, alcohol, smoke and drug use 

(Hopko et al., 2006; Lejuez, Aklin, Jones, et al., 2003; Lejuez, Aklin, Zvolensky, et 
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al., 2003; Lejuez et al., 2002). The BART has good reliability properties. Risk-taking 

behaviour on the BART does not differ across days. Test-retest correlation across 

sessions is robust (r = +.77) (White, Lejuez, & de Wit, 2008).  

During the BART, participants sit at 17’’ computer screen and are instructed 

to sequentially click with the mouse on the box labelled “Click Here to Pump up the 

Balloon” to inflate a virtual blue balloon. Each click slightly pump the balloon and 5 

pence are earned. However, if the balloon is inflated too much, it bursts and all the 

money collected so far are lost. To gain as much money as possible, participants had 

to stop inflating the balloon before it bursts and click the “Collect $$$” button. 

Money is then transferred to a virtual bank named “Total $$$” and an auditory 

feedback simulating slot machine reward sound is provided. The next trial 

commences when a new balloon appears following either a balloon burst or when 

money is banked. Each participant completes 30 trials. Balloons were pre-

programmed to burst at a “break-point” in the range of 1-128 pumps. The probability 

that a balloon would burst was 1/128 for the first pump. If it did not explode, the 

probability for bursting was 1/127 for the second and so on. The average breakpoint 

was 64 pumps. The BART is illustrated in Figure 3.3. 

Two dependent variables were recorded. The first was the average number of 

pumps in trials in which balloons were cashed. Higher risk-taking behaviour is 

associated with a higher number of pumps. The second was the average number of 

pumps for trials immediately preceding and immediately following a balloon burst 

(Claassen et al. 2011; Simioni et al. 2012). Lower number of pumps in trials that 

immediately follow a balloon burst compared to those that immediately precede a 

balloon burst indicates sensitivity toward negative feedback. 
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The BART was administered during the second research visit and 

participants were informed that no money was provided at the end of the task. 

  

 

Figure 3. 3 The Balloon Analogue Risk Task (BART). 
 
 

Cognitive Test Battery. A comprehensive cognitive test battery was 

administered to all participants on two consecutive days. The order was the same for 

all participants. The cognitive test battery included: divided attention task from the 

Test of Attentional Performance (Zimmermann and Fimm, 1995) and the Trail 

Making Test part A (TMT-A) (Reitan, 1958) as measures of divided and selective 

attention, respectively; Logical memory (immediate and delayed) from the Wechsler 

Memory Scale (Wechsler, 2009b) and CAMCOG memory subtests, as measures of 

memory; the Trail Making Test part B (TMT-B) (Reitan, 1958) as measure of set-

shifting; the Hayling Sentence Completion Task-Section 1 (Burgess and Shallice, 

1997) as measure of verbal generation; Go/No-Go task from the Test of Attentional 

Performance (Zimmermann and Fimm, 1995) and the Hayling Sentence Completion 

Task -Section 2 (Burgess and Shallice, 1997) as measures of motor and verbal 
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inhibitory control, respectively; CAMCOG executive function subtests as measure of 

executive function; Kirby Monetary Choice Questionnaire (to complete at home) 

(Kirby et al. 1999) scored according to (Myerson et al. 2014) as measure of temporal 

discounting; the Brixton Spatial Anticipation test (Burgess and Shallice, 1997) as 

measure of rule detection via feedback processing. The main outcome of each task 

was considered as a dependent variable. 

To assess the four stages decision-making framework (Sinha et al. 2013), 

tasks were categorized as part of option generation (TMT-A, TMT-B, divided 

attention, Hayling Sentence Completion Task -Section 1, CAMCOG executive 

function subtests), option selection (Kirby Monetary Choice Questionnaire), action 

initiation and inhibition (Go/No-Go task, Hayling Sentence Completion Task-

Section 2), and learning (Brixton Spatial Anticipation test, Logical memory, and the 

CAMCOG memory subtests). 

 

Trail Making Test. The TMT (Reitan, 1958) (Appendix O) is a sheet-and-

paper test which is formed by two parts. In the first part (TMT-A), participants are 

asked to draw a line to connect 25 circled numbers in ascending order. In the second 

part (TMT-B), participants are provided with both numbers and letters and they are 

instructed to draw a line to connect a number and a letter, in alternating and 

ascending order (i.e., 1-A-2-B-3-C, etc.). TMT-A is a measure of visuospatial 

search, selective attention and cognitive processing speed, whilst TMT-B also 

involves set-shifting. The number of errors in each part are considered as the main 

scores. The TMT-A and B have been used as measures of option generation, as 

attentional and executive mechanisms are important factors for option generation 

(Sinha et al., 2013). 
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Divided Attention. The Divided Attention test (Appendix P) is part of the 

Test of Attentional Performance (Zimmermann and Fimm, 1995), which is a 

computerized test battery assessing several dimensions of attention. The Divided 

Attention test is based on a “dual-task” paradigm, in which participants have to pay 

attention to two stimuli simultaneously. In the test, visual and auditory tasks have to 

be processed in parallel. In the visual task, crosses appear in the centre of the 

computer’s screen in random order forming a 4x4 matrix. Participants press a 

computer key when four crosses form a small square. In the auditory task, two 

different tones (i.e., “high” tone and “low” tone) are presented in sequence. 

Participants have to press a computer key when two same tones appear twice in a 

row. The dual task is preceded by the two separated visual and auditory tasks in 

order to assure that participants are able to perform single tasks without difficulty. 

The main outcome is the number of correct responses minus false alarms (i.e., hit 

rates). The divided attention task has been used as a measure of option generation, as 

attentional mechanisms are important factors for option generation (Sinha et al., 

2013). 

 

Hayling Sentence Completion Task. The Hayling Sentence Completion Test 

(Appendix Q) (Burgess & Shallice, 1997) is divided in two subtests assessing verbal 

initiation (Hayling Sentence Completion Task Section 1: sensible completion) and 

verbal suppression (Hayling Sentence Completion Task Section 2: unconnected 

completion). In Section 1, participants are read 15 sentences with the last word 

missing from each of them (e.g., “he posted a letter without a”). As soon as the 

examiner finishes reading the sentence, participants have to give a word that 
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completes the sentence (e.g., “stamp”). The time needed to provide the word in each 

sentence is added and converted in a scale score using the table provided in the 

response sheet. Scale score of Section 1 provides a measure of response initiation. In 

Section 2, participants are read 15 sentences with the last word missing from each of 

them (e.g., “most cats see very well at”) and participants are asked to provide a word 

to complete the sentence that is completely unconnected in any way. This subtest 

requires the suppression of a strongly activated response (e.g., “night”) before the 

generation of the unconnected one (e.g., “banana”). The time needed to provide the 

word in each sentence is added and converted in a scale score using the table 

provided in the response sheet. Scale score of Section 2 provides a measure of verbal 

suppression. The Hayling Sentence Completion Task section 1 scaled score has been 

used as measure of option generation as proposed by Sinha et al. (2013). The 

Hayling Sentence Completion Task section 2 scaled score has been used as measure 

of action initiation and inhibition. 

 

Kirby Monetary Choice questionnaire. Temporal discounting (i.e., the 

tendency to discount the value of delayed rewards) (Appendix R) was assessed with 

the 27-items self-administered Kirby Monetary Choice questionnaire (Kirby et al., 

1999). For each item, participants chose between a smaller immediate reward or a 

larger one provided in the future. The amount of immediate and delayed rewards, as 

well as the number of days for receiving the delayed reward, change across items. 

Temporal discounting was assessed calculating the proportion of choices of the 

delayed rewards following Myerson et al. (2014), instead of the k-parameter of the 

hyperbolic discounting function proposed by Kirby et al. (1999). The k value method 

involves matching individual patterns of response to those predicted based on 
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individual differences in the rate parameter (k) of a hyperbolic discounting function: 

V= A/(1+kD), where V is the subjective value of reward amount A that it is available 

after a delay of D time units. Conversely, with the proportion method responses are 

scored as the proportion of questions on which the individual chose the delayed, 

larger reward over the immediate but smaller one (i.e., number of choices of a 

delayed reward divided by the number of questions). Individuals’ scores calculated 

using the proportion method and the k values are very strongly correlated (rs > .97) 

(Myerson et al., 2014) but, conversely to the k value, the proportion method does not 

rely on assumptions regarding the mathematical form of the discounting function 

which may not be appropriate (Myerson et al., 2014). A simple hyperbola is not the 

best way to describe delay discounting functions at individual or group levels (Green 

& Myerson, 2004; Myerson & Green, 1995). The Kirby Monetary Choice 

questionnaire has been used as measure of option selection, as suggested by Sinha et 

al. (2013). 

 

Go/No-Go. The Go/No-Go test (Appendix S) is part of the Test of 

Attentional Performance (Zimmermann & Fimm, 1995). The task assesses the ability 

to suppress unwanted motor responses. Participants have to respond to a specific 

stimulus (“Go-stimulus”) and refrain from responding to another stimulus (“No-Go-

stimulus”). Two types of stimuli (i.e., “+” and “x”) appear in the centre of the 

computer’s screen. Participants are instructed to press a computer key only when “x” 

appears. The main outcome is the number of false alarms (i.e., reactions to No-Go 

stimuli). The Go/No-Go task has been used as a measure of action initiation and 

inhibition (Kalis, Mojzisch, Schweizer, & Kaiser, 2008). 
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Brixton Spatial Anticipation Test. The Brixton Spatial Anticipation Test 

(Appendix T) (Burgess & Shallice, 1997) is a visuospatial sequencing task of rule 

detection via feedback. Participants are provided with a 56 pages stimuli book. Each 

page contains 10 circles with one coloured blue. The blue one moves position in 

each page according to various patterns that come and go without any warning. 

Participants are shown one page at time and asked to guess where the blue circle will 

be in the next page, inferring a rule based on what they saw in the previous pages. 

When the rule changes, participants have to find the new pattern. The errors are 

summed and converted in a scale score using the table provided in the scoring sheet. 

The Brixton Spatial Anticipation Test scale score has been used as measure rule 

detection via feedback processing which may be considered as part of the learning 

stage of Sinha et al. (2013)’s framework. 

 

Logical Memory. The Logical Memory (Appendix U) subtests of the 

Wechsler Memory Scale IV edition (Wechsler, 2009b) are standardized tests of 

immediate and delayed free recall memory. In the Logical Memory I, which assesses 

immediate recall, participants are provided with two short stories (story A and B) 

made of 25 items each. For each story, participants are instructed to listen carefully 

and try to remember it as best as they can. Once the story has been read, participants 

have to recall it using the same words as far as it is possible (immediate recall). 

Logical memory I score is the number of items correctly recalled (maximum score is 

75). Logical Memory II, which assesses delayed recall, is provided after a period of 

30 minutes filled with non-verbal tasks to avoid interference effects. Participants are 

asked to recall both stories using the same word as far as it is possible. Logical 

memory II score is the number of items correctly recalled with a delay (maximum 
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score is 50). For the study, an immediate (Logical Memory I, story A plus first recall 

of Story B) and a delayed (Logical Memory II, story A plus story B) raw recall 

scores were considered. 

 

Affective and Motivational measures 

Barratt Impulsiveness Questionnaire. The Barratt Impulsiveness 

Questionnaire (BIS-11; (Patton et al. 1995)) (Appendix V) is a 30-items self-report 

questionnaire developed for assessing personality/behavioural construct of 

impulsiveness. The BIS-11 has been extensively used both in research and clinical 

settings (Stanford et al., 2009). In the BIS-11, impulsiveness is considered as a 

multi-dimensional construct comprising three sub-traits: attentional, motor, and non-

planning impulsiveness. Attentional impulsiveness concerns the inability to focus 

attention (e.g., “I don’t pay attention”), motor impulsiveness concerns acting without 

thinking (e.g., “I act on the spur of the moment”), and non-planning impulsiveness 

involves the lack of premeditation or future planning (e.g., “I am more interested in 

the present than in the future”) (Stanford et al., 2009). Each item is scored on a 4-

points scale with 1 meaning “rarely/never” and 4 meaning “almost always/always”. 

Eleven of the 30 items are reverse scores. In order to describe the multi-dimensional 

aspects of impulsivity, both the total and the three sub-traits scores have been 

considered. 

 

Starkstein Apathy Scale. The Starkstein Apathy Scale (SAS) (Starkstein et 

al., 1992) (Appendix W) is a 14-items self-report questionnaire developed for 

assessing apathy. The SAS has been specifically developed for PD as a short and less 

demanding version of the Apathy Evaluation Scale (Marin, Biedrzycki, & 
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Firinciogullari, 1991). A task force commissioned by the Movement Disorder 

Society (MDS) considered the SAS a recommended tool for screening and assessing 

apathy severity in PwP (Leentjens et al., 2008). In the SAS, each item is scored on a 

4-points scale, ranging from “not at all” to “a lot”. Items from 1 to 8 are scored 

considering “not at all” as the highest level of apathy (e.g., “are you interested on 

learning new things?”), whilst items from 9 to 14 are scored considering “not at all” 

as the lowest level of apathy (e.g., “are you indifferent to things?”). Each item is 

summed to obtain a total score, higher scores represent higher levels of apathy.  

 

Hospital Anxiety and Depression Scale. The Hospital Anxiety and 

Depression Scale (HADS) (Zigmond & Snaith, 1983) (Appendix X) is a 14-items 

self-report scale composed by two subscales, one assessing depression (HADS-D) 

and one assessing anxiety (HADS-A). Seven items contribute to the HADS-D 

subscale scale (e.g., “I still enjoy the things I used to enjoy”) and 7 items contribute 

to the HADS-A subscale (e.g., “I get sudden feelings of panic”). Each item is scored 

on a 4-points scale ranging from 0 to 3. Higher scores indicate higher anxiety and/or 

depression levels.  

A task force commissioned by the MDS recommended the use of the HADS-

D for screening depression in PD since the low number of somatic items included 

(Schrag et al., 2007). The evaluation of depression in PD is complicated by the 

presence of PD-related motor symptoms that may overlap with depression-related 

motor symptoms (e.g., agitation, retardation). The HADS-D should be cautiously 

used for assessing the degree of depressive states since it lacks items investigating 

most severe symptoms such as suicidal ideation or psychotic features (Schrag et al., 

2007). The HADS-A has shown good psychometric characteristics in PD; it 
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demonstrates good reliability and it lacks floor and ceiling effects (Leentjens et al., 

2011).  

 

Statistical analysis. Data were analysed with Statistical Package for the 

Social Sciences (SPSS) version 21.0 (IBM Corp., 2012). Cohen’s d effect sizes and 

95% confidence intervals were analysed using JASP software version 0.10.2 (JASP 

Team, 2019), as Cohen’s d effect sizes are not provided by SPSS.  

For continuous variables, Shapiro-Wilks test was used to check normality of 

distribution. When variables were not normally distributed, log or square root 

transformation was applied. Normally distributed transformed variables were 

analysed using parametric tests. When transformation did not solve normality, both 

parametric and nonparametric analyses were used to compare groups. Results of 

both types of analysis were comparable, therefore only results of parametric tests 

were considered, as they assure greater statistical power. Bonferroni was used as a 

post hoc test when ANOVA yielded significant differences between the three 

groups. Fisher’s exact test or Fisher-Freeman-Halton test were applied to categorical 

variables. P < 0.05 was set as a significance threshold for all the tests, except when 

Bonferroni correction for multiple comparisons was applied. Student t-test was 

applied to continuous variables for PD group’s performances comparison. Missing 

data have been excluded pairwise. 

For the BART, the average number of pumps on trials where balloons were 

cashed was compared between groups with a one-way ANOVA. Response to 

negative feedback was analysed with a 3x2 mixed-model ANOVA with the between-

subjects factor group (ICB+, ICB-, healthy controls) and the within-subject factor 

condition (pre-burst, post-burst). 
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A composite score of memory was calculated (using z-scores) from the 

CAMCOG memory subtest, immediate and delayed logical memory. Performance 

on each of the ten cognitive measures was analysed separately with a series of one-

way ANOVAs, and Bonferroni corrected p < 0.005. 

An exploratory Spearman correlation analysis examined the relationship 

between a single discrepancy score, derived from the difference in the number of 

pumps pre- and post-balloon burst in the BART, and the separate measures of 

selective and divided attention, memory, executive function, set-shifting, temporal 

discounting, inhibitory control, and rule detecting via feedback processing. A smaller 

discrepancy score reflects smaller changes in risk-taking behaviour after balloon 

burst and loss of virtual money. 

 

Results 

Incentive-driven decision-making task 

In the BART, the three groups did not differ in the average number of pumps 

on trials where the balloon was cashed (ICB+: 31.32 ± 11.70; ICB-: 34.51 ± 7.17; 

HC: 35.58 ± 13.08; F(2,39) <1, p = 0.73, ηp2 = 0.02; Table 3.5, Figure 3.4A). 

A comparison of the number of balloon pumps pre- and post-burst revealed 

no main effect of group [F(2,39) <1, p = 0.80, ηp2 = 0.01]. However, there was a 

main effect of feedback [F(1, 39) = 11.23, p = 0.002, ηp2 = 0.22], indicating that the 

mean number of pumps was significantly lower post- vs. pre-burst (pre: 35.97 ± 

2.11; post: 32.48 ± 2.26). The group x feedback interaction was also significant [F(2, 

39) = 3.31, p = 0.047, ηp2 = 0.14], reflecting the observation that both the HC and 

ICB- groups reduced their average number of pumps post-burst whereas the ICB+ 

group showed no change (Table 3.5, Figure 3.4B). The reduction of pumps post-
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burst was significant for the HC [t(16) = 4.30, p < 0.001, d = 1.04, 95% CI [0.44, 

1.63]] and for the ICB- group [t(11) = 2.85, p = 0.02, d = 0.82, 95% CI [0.15, 1.47]], 

but was not significant for the ICB+ group [t(12) <1, p = 0.89, d = -0.04, 95% CI [-

0.58, 0.51]]. 
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A. Overall risky incentive-driven decision-making 

  

B. Response to negative feedback 

 

Figure 3. 4 Performances in the Balloon Analogue Risk Task (BART). A) Average 

number of pumps for cashed trials. The three groups did not differ in the average 

number of pumps, which reflects risk-taking behaviour. Higher scores represent 
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riskier behaviours. Error bars represent the standard error of the mean. B) Groups 

differ in the way they adjusted their behaviour after negative feedback. Negative 

feedback is expressed as the loss of money for trials in which a balloon burst. Both 

healthy controls (HC) and persons with Parkinson’s disease (PwP) without 

impulsive-compulsive behaviours (ICBs) (ICB−) decreased the number of pumps 

after a negative feedback showing less risk-taking behaviour, whereas PwP with 

ICBs (ICB+) did not change their performance regardless of negative feedback. 

Error bars represent the standard error of the mean. 
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Table 3. 5 Performances in the Balloon Analogue Risk Task (BART) by groups and interactions. 

Variables ICB+ (n=13) ICB- (n=12) HC (n=17) F values p ES 

Average Adjusted Pumps 
  

31.32 ± 11.70 34.51 ± 7.17 31.58 ± 13.08 F(2,39) <1 0.73 0.02 

Negative feedback 
sensitivity 

PRE: 
32.6 ± 14.12 
  
POST: 
32.92 ± 18.01 

PRE: 
39.36 ± 8.47 
  
POST: 
33.23 ± 9.44 

PRE: 
35.94 ± 15.69 
  
POST: 
31.29 ± 14.38 

Main effect of feedback F(1,39) = 11.23  0.002 0.22 

Main effect of feedback*group F(2,39) = 3.31  0.047 0.14 

Main effect of group F(2,39) <1 
  

 0.80 0.01 

Legend. ICB+: Parkinson’s PwP with ICBs; ICB-: Parkinson’s PwP without ICBs history; HC: healthy controls; SD: standard deviation; 

Average Adjusted Pumps: average number of pumps in cashed balloons; PRE: number of pumps for trails that immediately precede a balloon 

burst; POST: number of pumps for trails that immediately follow a balloon burst; ES: partial eta-squared effect size. Data are presented as mean 

± standard deviation. 
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Cognitive test battery 

There were no significant differences between the three groups for any of the 

ten cognitive measures considered part of the four stages of incentive-driven 

decision-making using the strict Bonferroni corrected p < 0.005 (Table 3.6). 
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Table 3. 6 Results of the cognitive test battery. 

Variables ICB+ (n=13) ICB- (n=12) HC (n=17) F values p ES 

(i) Option Generation Stage  

TMT-A 0.31 ± 0.48, 0 0 ± 0, 0 0.18 ± 0.39, 0 F(2,39)=2.209 0.12 0.10 

Divided attention 25.08 ± 3.75, 24 26.08 ± 5.82, 27 28.65 ± 2.50, 30 F(2,39)=3.056a 0.06 0.14 

TMT-B§ 1.17 ± 1.53, 0.5 0.64 ± 0.67, 1 0.65 ± 0.93, 0 F(2,37) <1 0.39 0.05 

Hayling section 1 5.46 ± 1.13, 6 4.75 ± 1.81, 6 5.65 ± 0.93, 6 F(2,39)=1.206b 0.32 0.01 

CAMCOG EF 21.15 ± 2.97 20.83 ± 5.22 24.35 ± 2.37 F(2,39)=6.109b 0.008 0.14 

(ii) Option Selection Stage  

Kirby§§  0.47 ± 0.14 0.34 ± 0.12 0.49 ± 0.13 F(2,38)=4.658 0.02 0.20 

(iii) Action Initiation and Inhibition Stage  

GNG 1.15 ± 1.28, 1 1.08 ± 2.27, 0 0.47 ± 0.72, 0 F(2,39) <1 0.38 0.05 

Hayling section 2 5.31 ± 1.11 5.92 ± 0.67 6.06 ± 0.56 F(2,39)=3.519 0.04 0.15 

(iv) Learning Stage  

Memory composite score 0.03 ± 0.83 -0.54 ± 1.05 0.35 ± 0.64 F(2,39)=4.036 0.03 
  

0.17 

Brixton 3.46 ± 2.37, 2 
  

3.5 ± 2.54, 2 5.65 ± 2.29, 6 F(2,39)=4.173 
  

0.02 0.18 
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Legend. ICB+: PwP with ICBs; ICB-: PwP without ICBs history; HC: healthy controls; TMT-A: Trail Making Test Part A number of errors; 

TMT-B: Trail Making Test Part B number of errors; Kirby: Kirby Monetary choice questionnaire total score; CAMCOG EF: Cambridge 

Cognitive Examination executive function subtest score; GNG: Go/No-Go false alarms; Hayling section 1: Hayling Sentence Completion task – 

section 1; Hayling section 2: Hayling Sentence Completion task – section 2; ES: partial eta-squared effect size (or adjusted omega squared when 

Welch‘s one-way ANOVA has been calculated). Data are presented as mean ± standard deviation, median. Median is reported for variables that 

were not normally distributed. aLog10 transformed data. bWelch test (Levene test statistically significant). §two PwP (one from the ICB+ and one 

from the ICB- groups) were excluded from the analysis because they were not able to complete the TMT-B task. §§one PwP from the ICB+ group 

refused to complete the Kirby Monetary Choice Questionnaire of temporal discounting and was excluded from the analysis.
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Affective and motivational factors 

HADS total score was significantly different [F(2, 38) = 8.31, p = 0.001, ηp2 

= 0.30]. Bonferroni’s corrected post hoc t tests revealed higher scores in the ICB+ 

group (3.68 ± 0.80) compared to HC (2.12 ± 1.08, p=0.001, d = -1.80, 95% CI [-

13.79, -3.36]), but no difference between the ICB+ and ICB- (3.05 ± 1.18) groups (p 

= 0.43, d = -0.54, 95% CI [-9.23, 2.07]) or between ICB- and healthy controls (p = 

0.068, d = -0.88, 95% CI [-10.21, 0.22]; Table 3.7). Anxiety subscale score was 

significantly different [F(2, 38) = 3.68, p = 0.035, ηp2 = 0.16]. ICB+ group showed 

higher scores (8.25 ± 3.74) than HC (4.12 ± 3.31, p=0.032, d = -1.18, 95% CI [-7.89, 

-0.37]), but there was no difference between ICB+ and ICB- (6.42 ± 5.26) groups (p 

= 0.837, d = -0.40, 95% CI [-5.90, 2.24]) or between ICB- and HC (p = 0.432, d = -

0.54, 95% CI [-6.06, 1.46]; Table 3.7). Depression subscale score was significantly 

different [F(2, 38) = 22.25, p = 0.00001, ηp2 = 0.49]. HC (1.47 ± 1.01) had lower 

scores than ICB+ (5.92 ± 2.35, p = 0.000002, d = -2.63, 95% CI [-6.25, -2.64]) and 

ICB- (4.17 ± 2.52, p = 0.002, d = -1.51, 95% CI [-4.50, -0.89]), but there was no 

difference between ICB + and ICB- (p = 0.106, d = -0.72, 95% CI [-3.71, 0.21]; 

Table 3.7). Scores for apathy and impulsivity from the SAS and the BIS-11, 

respectively, did not differ between the three groups (Table 3.7). 
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Table 3. 7 Affective and motivational characteristics by groups. 

Variables ICB+ (n=13) ICB- (n=12) HC (n=17) F values p ES 

  
HADS 

  
14.17 ± 5.72, 15.5 

  
10.58 ± 7.45, 9.5 

  
5.59 ± 3.97, 5 

  
F(2,38)=8.313a 

  
0.001§ 

 
0.30 

HADS-A 8.25 ± 3.74 6.42 ± 5.26 4.12 ± 3.31 F(2,38)=3.683 0.035§ 0.16 

HADS-D 5.92 ± 2.35, 6.5 4.17 ± 2.52, 3.5 1.47 ± 1.01, 1 F(2,38)=22.25b 0.00001§§ 0.49 

SAS 12.25 ± 4.75 11.66 ± 4.03 9.82 ± 2.94 F(2,38)=1.593 0.22 0.08 

BIS-11 60.75 ± 10.28 58.33 ± 9.80 57.35 ± 10.59 F(2,38)= <1 0.68 0.02 

BIS-11 Att 15.50 ± 3.45 14.58 ± 3.89 15.29 ± 3.50 F(2,38)= <1 0.80 0.01 

BIS-11 Mot 21 ± 3.69 20.33 ± 3.60 20.24 ± 3.86 F(2,38)= <1 0.85 0.008 

BIS-11 NP 24.25 ± 5.94 23.42 ± 5.25 21.82 ± 4.76 F(2,38)= <1 0.47 0.04 

Legend. ICB+: PwP with ICBs; ICB-: PwP without ICBs history; HC: healthy controls; HADS: Hospital Anxiety and Depression scale total 

score; HADS-A: Hospital Anxiety and Depression scale anxiety subscale; HADS-D: Hospital Anxiety and Depression scale depression subscale; 

SAS: Starkstein Apathy scale; BIS-11: Barratt Impulsiveness questionnaire total score. BIS-11 Att: Barratt Impulsiveness questionnaire – 

attentional score; BIS-11 Mot: Barratt Impulsiveness questionnaire – motor score; BIS-11 NP: Barratt Impulsiveness questionnaire – non-

planning score; ES: partial eta-squared effect size. One participant from the ICB+ group refused to complete the questionnaires. Data are 
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presented as mean ± standard deviation, median. aSquared root transformed data. bWelch test (Levene test statistically significant).  §Post hoc 

comparison: HC < ICB+; HC = ICB-; ICB+ = ICB-. §§ Post hoc comparison: HC < ICB+; HC < ICB-; ICB+ = ICB-. 



127 
 

Exploratory correlation analysis 

The BART discrepancy score, reflecting the difference in the number of 

pumps pre- and post-burst, negatively correlated with the Go/No-Go false alarms 

[rs(42) = − 0.34, p = 0.03]. This finding suggests that the higher the sensitivity 

towards negative feedback, the fewer false alarms on the Go/No-Go task. No other 

correlations between BART discrepancy score and the cognitive outcomes were 

significant. Results for the full correlation matrix are presented in Table 3.8. 
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Table 3. 8 Correlation matrix. 

Variable TMT – A 
 

TMT – B 
 

DA 
 

Hayling 1 CAMCOG 
EF 

Kirby 
 

GNG Hayling 2 Brixton  Memory 
composite 
score 

BART DS 0.85 0.20 0.10 0.18  0.55 0.47  0.03 0.65 0.22 0.62 

TMT – A –—  0.02 0.22 0.79  0.17 0.29 0.15 0.64 0.72  0.82 

TMT – B  –—  –— 0.11 0.35 0.01 0.90 0.01 0.81 0.49 0.47 

DA  –— –—   –— 0.38 < 0.0001  0.35 < 0.0001 0.13 < 0.0001 0.03 

Hayling 1  –—  –—  –—  –— < 0.0001 0.03 0.87  0.14 0.25 0.002 

CAMCOG EF  –—  –—  –—  –—   –— 0.06 0.02  0.10 < 0.0001  < 0.0001 

Kirby  –—  –—  –—  –—  –—  –— 0.43 0.67 0.62 0.008 

GNG  –—  –—  –—   –—   –—   –—  –— 0.71 < 0.0001 0.11 

Hayling 2  –—  –—  –—  –—  –—  –—  –—  –— 0.33 0.06 

Brixton  –—  –—  –—  –—  –—  –—  –—  –—  –— 0.03 

Legend. BART DS: Balloon Analogue Risk Task Discrepancy score; TMT-A: Trail Making Test Part A number of errors; TMT-B: Trail 

Making Test Part B number of errors; DA: Divided attention hit rate; CAMCOG – EF: Cambridge Cognitive Examination executive function 

subtest score; Kirby: Kirby Monetary choice questionnaire total score; GNG: Go/No-Go false alarms; Hayling 1: Hayling Sentence Completion 

task – section 1; Hayling 2: Hayling Sentence Completion task – section 2; Brixton: Brixton scaled score.
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Discussion 

This study investigated cognitive processes associated with incentive-driven 

decision-making in PwP with and without ICBs. The relationship between ICBs and 

previously identified affective and motivational features was also explored. 

In relation to the primary aim, it was predicted that the cognitive profile of 

the ICB+ group would be marked by an incentive-driven decision-making deficit on 

the BART. The BART provides an ecologically valid estimate of risky incentive-

driven decision-making, and this is supported by correlations between performance 

on the BART and self-reported impulsivity and risk-taking behaviours in daily life, 

such as drugs abuse, alcohol abuse, number of sexual partners (Hopko et al., 2006; 

Lejuez, Aklin, Zvolensky, et al., 2003; Lejuez et al., 2002). The analyses of the 

present work however, failed to support this prediction. When the three groups of 

participants were analysed together, incentive-driven decision-making performance 

did not significantly differ between ICB+, ICB- and HC. 

These findings, however, can be reconciled with the previous reports of 

BART in PD with ICBs (Claassen et al., 2011; Rao et al., 2010; Ricciardi et al., 

2017). Risky decision-making on the BART successfully discriminated between 

ICB+ and ICB- in PD in relation to striatal BOLD response, where activation was 

diminished in ICB+ compared to ICB- (Rao et al., 2010), but abnormal brain 

activation in ICB+ was not mirrored by increased behavioural risk-taking. 

Furthermore, a medication withdrawal study showed that DRT increased risk-taking 

behaviour in ICB+ reflecting an interaction between group and medication state, but 

there were no differences in incentive-driven decision-making behaviour between 

ICB+ vs. ICB- PwP (Claassen et al., 2011). 
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These previous negative findings were suggested to depend on the use of a 

modified BART version, since a reduced range of possible pumps was found to be 

less sensitive to individual variability in task performance and therefore diminished 

the likelihood of detecting differences in risk-related constructs and self-report real 

world behaviours (Lejuez et al., 2002). 

The present BART data, which showed that risk-taking related incentive-

driven decision-making is spared in the cohort of ICB+ in comparison to ICB- and 

HC, together with results of the cognitive battery, offers an alternative explanation. 

According to Sinha et al. (2013), incentive-driven decision-making is dependent on 

option generation, option selection, action initiation and inhibition, and learning 

stages. Therefore, the likelihood of incentive-driven decision-making impairment 

will depend on the nature and extent of impairments within and across these four 

stages. The present study showed that cognitive processes underlying option 

generation, selection, and action initiation and inhibition in ICB+ were not different 

from other groups. However, in the BART, an interaction between negative feedback 

and group was found, suggesting an impairment in the learning stage of incentive-

driven decision-making process, that, despite being present, it is probably not by 

itself sufficient to affect overall performance. Interestingly, incentive-driven 

behaviour after negative feedback on the BART was significantly different in ICB+, 

but performance on the cognitive tasks related to learning did not differ across 

groups. Therefore, learning appears not to be abnormal in PwP with ICBs, unless 

reward is involved. The findings of the present study are in keeping with the notion 

that learning and reward are supported by two separate cortico-striatal-

thalamocortical circuits: the associative and limbic circuits, respectively (Alexander, 

DeLong, & Strick, 1986; Chudasama & Robbins, 2006). The associative circuit links 
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the dorsolateral prefrontal cortex with the dorsal caudate nucleus, and the limbic 

circuit links the ventral striatum with the ventral medial prefrontal cortex, 

orbitofrontal cortex, dorsal anterior cingulate cortex, amygdala and hippocampus 

(Vriend, Pattij, et al., 2014). It could be speculated that there is a differential 

dopaminergic modulation of these two circuits in PwP. 

Abnormal response to negative feedback deficit was frequently reported in 

PD (Di Rosa, Schiff, Cagnolati, & Mapelli, 2015; Frank et al., 2004; Jocham & 

Ullsperger, 2009; Volpato et al., 2016). The present study may extend this notion, by 

suggesting that this impairment is more severe in ICB+ PwP. According to Claassen 

et al. (2011), negative feedback processing was scored by comparing the number of 

pumps on the trials that immediately precede to those on trials immediately 

following a balloon burst. Sensitivity toward negative feedback should result in 

decrease in risk-taking behaviour after a burst. Interestingly, reduced sensitivity to 

negative feedback in ICB+ was found, while Claassen et al. (2011), failed to report 

differences between groups. As discussed above, these conflicting findings could be 

interpreted as due to differences on BART tasks used. Lower ranges of possible 

pumps could have decreased the variability across the overall score, as well as the 

trials considered for the negative feedback analysis. 

According to event related potential studies, negative feedbacks in BART are 

processed in the anterior cingulate cortex (ACC) (Schultz, 1998, 2010), and are 

related to the reinforcement learning processes in the brain (Holroyd & Coles, 2002), 

and the phasic dopaminergic dip signals (Frank et al., 2004). The ACC uses this 

signal to learn which action should be selected and executed. This provides a 

mechanism through which actions and events are linked to their outcomes with the 



132 
 

goal of supporting decisions that maximize the opportunity to encounter reward in 

the future (Cockburn & Frank, 2011). 

Every time an outcome is better than expected or an unpredicted reward is 

received, DA neurons increase their phasic firing activity and a positive prediction 

error is generated. Also, every time an outcome is worse than expected or predicted 

reward is not delivered, there is a phasic dip in the DA neurons firings and a negative 

prediction error is generated (Schultz, 1998, 2010). DRT could prevent the DA 

neurons dip associated with negative feedback, as PwP in “off” state are better when 

learning from negative than positive feedback, but they behave in the opposite way 

when “on” medication (Frank et al., 2004). In both cases, not correctly generated 

prediction errors might lead toward abnormal links between actions and outcomes 

and impulsive behaviours may be facilitated. 

In the present study, the exploratory correlation analysis revealed a negative 

correlation between the BART discrepancy score and the number of false alarms in 

the Go/No-Go task supporting the importance of negative feedback processing for 

impulse control. The more participants decrease their risky behaviour after a 

negative feedback, the fewer false alarms they make on the motor impulsivity task. 

It was also predicted that ICB+ would be characterized by increased 

impulsivity, and more symptoms of depression and anxiety but not apathy. 

Conversely from predictions, impulsivity levels were comparable between the three 

groups. BIS-11, which has not been validated in PD yet, may fail to differentiate 

between ICB- and ICB+ due to impulsivity presenting as a continuum of severity in 

PD despite the absence of clinical ICBs. Comparable BIS-11 total score between 

ICB+ and ICB- is in keeping with other reports (Antonini et al., 2011; Marín-Lahoz 

et al., 2018; Mosley et al., 2019; Tessitore, De Micco, et al., 2017). As BIS-11 is a 
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self-report tool, it is also possible that lack of awareness of impulsive behaviour in 

ICB+ may have resulted in comparable scores between PD groups. 

Depression and anxiety were found to be significantly higher in the ICB+ 

group than in HC, but comparable between PD groups. The lack of differences 

between PD groups on the HADS score precludes any strong statement about the 

role of depression or anxiety in ICBs. Nonetheless, the fact that ICB+ and HC 

significantly differ on the HADS score may suggest one of two not mutually 

exclusive explanations. The first is that higher depression and anxiety levels might 

increase vulnerability toward ICBs in PD. Depression often precedes PD diagnosis 

by several years (Ishihara & Brayne, 2006; Tolosa, Gaig, Santamaría, & Compta, 

2009) and both anxiety and depression symptoms are higher in PD than in the 

general population (Lieberman, 2006; Prediger, Matheus, Schwarzbold, Lima, & 

Vital, 2012). In a subset of vulnerable PwP, depression and anxiety symptoms could 

increase the risk of developing ICBs as coping mechanisms (Delaney, Leroi, et al., 

2012; Delaney, Simpson, et al., 2012). This hypothesis is supported by retrospective 

studies that showed higher baseline depression scores on drug naïve PwP who later 

developed ICBs compared to PwP who did not (Marín-lahoz et al., 2019; Vriend, 

Nordbeck, et al., 2014). Second, depression and anxiety could result as a 

consequence of ICBs negative implications in PwP and caregivers, as supported by 

reports of reduced quality of life in PwP with ICBs (Erga et al., 2020; Leroi et al., 

2011; Phu et al., 2014).   

 

Limitations  

First, the study is limited by small sample size and therefore low statistical 

power which may have reduced the likelihood to find the true effect. Therefore, any 
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interpretation of the study’s findings should be cautiously done. Underpowered 

studies are frequent in the ICBs in PD literature, as supported by a meta-analysis in 

which the 50% of the studies included 20 or less participants in each group 

(Santangelo, Raimo, & Barone, 2017). There are several possible explanations for 

low recruitment rates. Participants are vulnerable individuals affected by a 

neurological condition, progressive in nature and associated with motor as well as 

affective and cognitive disabilities. ICBs may be perceived with a sense of guilt and 

embarrassment, making people less keen on taking part in research. 

         Second, in the BART not all the four components of the incentive-driven 

decision-making framework could be measured, but only risk-taking behaviour after 

negative feedback, which it was interpreted as part of the learning stage. The 

framework’s components were assessed with the cognitive battery that was not 

significantly different between groups. The negative findings of the cognitive battery 

prevent any robust conclusion on the component(s) involved in the abnormal 

behaviour in PwP with ICBs. For example, ICB+ may not modify behaviour 

following negative feedback because of abnormal option selection mechanisms, such 

as increased salience of rewarding stimuli or hypersensitivity to reward (Drew et al., 

2020). Further studies should include a task that can be broken down in the four 

different components of Sinha’s framework. It is also possible that the tasks used do 

not provide adequate risk-reward valence to examine the processes associated with 

the incentive-driven decision-making stages (Yücel et al., 2018), or they may be 

insufficiently demanding for detecting between groups differences. 

Third, healthy controls had significant higher scores in the WTAR, which is a 

measure of crystallized intelligence. This is unlikely to have affected the results 

since participants showed comparable performances in CAMCOG, an extensive 
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cognitive evaluation. Furthermore, since the comparable WTAR performances of the 

two PD groups it is unlikely that abnormal responses to negative feedback in PwP 

with ICBs were linked to crystallized intelligence. 

Fourth, daytime sleepiness was significantly higher in PwP with ICBs than 

healthy controls. However, it is unlikely that sleepiness levels could have affected 

the study results, since comparable outcomes in cognitive evaluation were found. 

Increased daytime sleepiness has already been reported in PwP with ICBs 

(O’Sullivan, Loane, et al., 2011; Pontone et al., 2006; Scullin et al., 2013), probably 

because both represent side effects of DRT, especially DA agonists. 

Fifth, ICBs were diagnosed with a semi-structured interview following 

diagnostic criteria. This point might make direct comparison to previous studies 

using QUIP-rs, a tool specifically validated in PD with ICBs, difficult. Nonetheless, 

the more conservative approach used in this study assured that only PwP with 

clinically relevant ICBs were categorized as PD with ICBs.  

 

Conclusions 

This study demonstrates that reduced negative feedback sensitivity is a 

cognitive feature of ICBs in PD which could account for impulsive behaviour in 

situations that involve both rewards and punishments. In addition, ICBs in PD are 

associated with increased anxiety and depression than the general population. 

Conversely to predictions, no differences between groups were found in other 

cognitive measures. The low statistical power impedes any firm conclusion about the 

involvement of cognitive, affective and motivational processes in ICBs in PD. To 

overcome this limitation, a systematic review and meta-analysis has been done 

(Study 2). Furthermore, to test the robustness of the BART findings, replicability of 
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Study 1 has been tested in a separate larger sample of PwP (Study 3). Findings have 

been further extended exploring, in a subset of PwP taking part in Study 3, 

sensitivity toward negative feedback by combining two units of assessments, i.e., 

behaviour and neurophysiology (Study 4).  

 

Key Findings 

• Compared to ICB- and HC, ICB+ do not change their risky behaviour 

after a negative feedback; 

• ICB+ show increased anxiety and depression levels than HC; 

• Sensitivity toward negative feedback negatively correlates with motor 

inhibition as measured by the number of false alarms in the Go/No-Go 

task. 
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Study 2: Systematic review and meta-analysis of cognitive affective and 

motivational correlates of Impulsive-compulsive behaviours in Parkinson’s 

disease2 

The study presented in this chapter has been published (Martini, Dal Lago, Edelstyn, Grange, 

et al., 2018) and is reproduced with permission of the copyright holder. 

 

Abstract 

Background: Cognitive, affective and motivational correlates of ICBs in 

PwP under DRT are debated. In the previous study (Study 1), PwP with ICBs were 

found not to change their risky behaviour after a negative feedback. No between 

groups differences in the cognitive measures were found. Finally, PwP with ICBs 

show increased levels of anxiety and depression compared to healthy controls, which 

suggests that affective changes may increase vulnerability to ICBs or represent a 

consequence of ICBs. Although promising, findings are constrained by a small 

sample size which may have reduced the likelihood to find a real effect. This 

limitation has been overcome by the present study, which is a systematic review and 

meta-analysis of studies investigating cognitive, affective and motivational correlates 

of ICBs in PD.  

Method: PubMed, Science Direct, ISI Web of Science, Cochrane, EBSCO 

databases were searched for studies published between January 1st 2000 and March 

3rd 2017 comparing cognitive, affective and motivational measures in PwP with vs. 

without ICBs. Exclusion criteria were conditions other than PD, substance and/or 

alcohol abuse, dementia, drug naïve PwP, cognition assessed by self-report tools.  

 
2 Martini, A., Dal Lago, D., Edelstyn, N.M.J., Grange, J.A., Tamburin, S. (2018). Impulse control 
disorder in Parkinson’s disease: a meta-analysis of cognitive, affective, and motivational correlates. 
Frontiers in Neurology, 9, 654 
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Results: 10,200 studies were screened (title, abstract), 79 full-texts were 

assessed, and 25 were included (ICB+: 625 PwP; ICB-: 938). Compared to ICB–, 

ICB+ showed worse performance in incentive-driven decision-making (SMD = 0.42 

[0.02, 0.82], p = 0.04) and set-shifting tasks (SMD = −0.49 [95% CI −0.78, −0.21], p 

= 0.0008). ICBs in PD was also related to higher self-reported rate of depression 

(SMD = 0.35 [0.16, 0.54], p = 0.0004), anxiety (SMD = 0.43 [0.18, 0.68], p = 

0.0007), anhedonia (SMD = 0.26 [0.01, 0.50], p = 0.04), and impulsivity (SMD = 

0.79 [0.50, 1.09], p < 0.00001). Heterogeneity was low to moderate, except for 

depression (I2 = 61%) and anxiety (I2 = 58%).  

Conclusions: ICBs in PD are associated with worse set-shifting and 

incentive-driven decision-making, and increased depression, anxiety, anhedonia and 

impulsivity, but not apathy. 
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Introduction 

ICBs are recognized as side-effect of DRT, mainly DA agonists and 

levodopa (Weintraub et al., 2010), however their pathophysiology is unclear.  

It has been hypothesised that, in vulnerable individuals, DRT used to restore 

DA levels in nigrostriatal circuit may overstimulate the less severely affected 

mesocorticolimbic circuitry (Cools & Robbins, 2004). Mesocorticolimbic 

overstimulation may disrupt prefrontal-dependent cognitive function, affect and 

motivation and thus increase vulnerability to ICBs. According to this view, in 

medicated PwP, we should expect a correlation between ICBs and cognitive, 

affective and motivational factors. However, data in the literature are inconclusive. 

Studies on cognition, affective processing and motivation conducted in small 

cohorts of PwP with and without ICBs (i.e., n: 17-155 PwP) yielded inconsistent 

findings with respect to cognitive abilities in PwP with ICBs. Some studies reported 

worse performance in executive function, including set-shifting (Biundo et al., 2011, 

2015; Santangelo et al., 2009; Tessitore et al., 2016; Tessitore, Santangelo, et al., 

2017; Vitale et al., 2011), working memory (Djamshidian et al., 2010), concept 

formation and reasoning (Santangelo et al., 2009; Tessitore et al., 2016; Tessitore, 

Santangelo, et al., 2017), and incentive-driven decision-making (Djamshidian, 

O’Sullivan, Lees, et al., 2011; Housden et al., 2010; Leroi et al., 2013; Martini, Ellis, 

et al., 2018; Rossi et al., 2010; Voon, Gao, et al., 2011; Voon, Reynolds, et al., 2010) 

in PwP with vs. without ICBs. Conversely, other studies found similar performances 

for inhibition (Bentivoglio et al., 2013; Cera et al., 2014; Djamshidian, O’Sullivan, 

Lees, et al., 2011; Erga et al., 2017; Filip et al., 2018; Hlavatá et al., 2020; Marín-

Lahoz et al., 2018; Martini, Ellis, et al., 2018; Ricciardi et al., 2017; Tessitore, 

Santangelo, et al., 2017), set-shifting (Mack et al., 2013; Martini, Ellis, et al., 2018; 
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Pineau et al., 2016), working memory (Bentivoglio et al., 2013; Biundo et al., 2011; 

Housden et al., 2010; Imperiale et al., 2018; Leroi et al., 2011; Piray et al., 2014), 

and incentive-driven decision-making (Bentivoglio et al., 2013; Biars et al., 2019; 

Cera et al., 2014; Joutsa et al., 2015; Pineau et al., 2016; Ricciardi et al., 2017). 

Finally, a single study reported better executive functions in PwP with ICBs (Siri et 

al., 2010). 

Reports on affective factors are also inconclusive, as self-reported depression 

and anxiety were sometimes found to be associated with ICBs (Antonini et al., 2017; 

Biundo et al., 2017; Erga et al., 2017; Leroi et al., 2011; Marín-Lahoz et al., 2020; 

Navalpotro-Gomez et al., 2020; O’Sullivan, Loane, et al., 2011; Pineau et al., 2016; 

Pontieri et al., 2015; Santos Garcia et al., 2021; Vela et al., 2016; Wu et al., 2015), 

and sometimes not (Bentivoglio et al., 2013; Biundo et al., 2011, 2015; Cilia et al., 

2008; Claassen et al., 2015; Filip et al., 2018; Mack et al., 2013; O’Sullivan, 

Djamshidian, et al., 2010; Piray et al., 2014; Tessitore et al., 2016; Verger et al., 

2018; Vitale et al., 2011). Motivational factors such as self-reported apathy (Erga et 

al., 2017; Housden et al., 2010; Leroi et al., 2011; O’Sullivan, Loane, et al., 2011; 

Pontieri et al., 2015), anhedonia (Pettorruso et al., 2014; Pontieri et al., 2015), and 

impulsivity (Bentivoglio et al., 2013; Leroi et al., 2011; Navalpotro-Gomez et al., 

2020; Paz-Alonso et al., 2020; Pettorruso et al., 2014; Pineau et al., 2016; Piray et 

al., 2014) appeared to be elevated in PwP with vs. without ICBs, although this has 

not been consistently reported (Marín-Lahoz et al., 2018; Martini, Ellis, et al., 2018; 

Mosley et al., 2019; Tessitore, De Micco, et al., 2017). 

Inconsistency in previous studies’ findings may be due to small sample size 

resulting in estimates of effects that are more biased than in large sample studies. A 

way to overcome this limitation is conducting a meta-analysis, which allows to 
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estimate effects in the population by combining the effect sizes from a variety of 

studies (Field & Gillet, 2010).  

A recent meta-analysis identified several cognitive subdomains (i.e., concept 

formation, set-shifting, incentive-driven decision-making, and visuospatial abilities) 

to be worse in PwP with vs. without ICBs (Santangelo, Raimo, & Barone, 2017), but 

it included a mixed sample of medicated and drug naïve PwP that did not allow to 

explore the relationship between cognitive disturbances, DRT and ICBs. Moreover, 

it included PwP with comorbidities for substance abuse and/or dementia, two factors 

that could be independently associated with cognitive changes. Finally, cognitive but 

not affective and motivational factors were investigated, which impede to explore 

the relationship between cognition-emotion and cognition-motivation which is 

critical for understanding the broader context in which ICBs develop (Crocker et al., 

2013; Sinha et al., 2013). This is supported by evidences of DA dysregulation in the 

pathophysiology of impulsivity, apathy, and anhedonia in gambling disorder, drug 

addiction, and PD (Bloomfield, Morgan, Kapur, Curran, & Howes, 2014; Clark et 

al., 2012; Sinha et al., 2013). 

To overcome the limitation of small sample size of Study 1 (Martini, Ellis, et 

al., 2018) as well as reconcile discordant findings in the literature about cognitive, 

affective and motivational correlates of ICBs in medicated PwP, a systematic review 

and meta-analysis was conducted. Moreover, this work is meant to address the issues 

of a previous meta-analysis and to offer new information on this topic. To this aim, 

stricter inclusion and exclusion criteria were applied, by including only studies on 

PwP under DRT at the time of assessment and free from comorbid substance abuse 

and/or dementia. Moreover, studies investigating affective and motivational 

measures were also included, so that any cognitive change could be interpreted 
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within the broader context of cognition-emotion and cognition-motivation 

relationships (Crocker et al., 2013; Sinha et al., 2013). A clear understanding of 

cognitive, affective and motivational changes in ICBs may indirectly increase the 

understanding of ICBs pathophysiology and in turn its management. 

 

Aims  

This study aims to summarize published literature on ICBs in PD to 

understand which cognitive processes are associated with ICBs in medicated PwP. A 

secondary aim was to examine affective and motivational correlates of ICBs in PD. 

 

Method 

Study design, participants and comparators 

A systematic review and meta-analysis were performed to identify cognitive, 

affective and motivational factors associated with ICBs in PD under DRT (ICB+). 

The comparator group was individuals with PD but no history of ICBs (ICB-). 

 

Search strategy 

On June 26th 2016, PubMed, Science Direct, ISI Web of Science, Cochrane, 

EBSCO were searched for peer-reviewed papers in English, Italian and Spanish 

published since January 2000, when the first report of ICBs development after 

dopaminergic medication initiation was reported (Seedat et al., 2000). The 

systematic review was further updated on March 8th 2017. 

Studies were identified using the following string (Callesen, Scheel-Krüger, 

Kringelbach, & Møller, 2013) in PubMed: “(Parkinson’s disease) AND (impulse 

control disorders OR impulsivity OR cognition OR decision-making)”. The search 
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strategy for the other databases included (Parkinson’s disease) AND (impulse 

control disorders), then (Parkinson’s disease) AND (impulsivity), then (Parkinson’s 

disease) AND (cognition), and (Parkinson’s disease) AND (decision-making). A 

total of 40,672 papers were identified. After exclusion of duplicates, 10,200 papers 

were title and abstract screened. 

 

Selection criteria 

Studies were included if: a) PwP were under DRT; b) ICBs assessment was 

performed in a reliable manner with the QUIP, the QUIP-rs, the MIDI, clinical 

interview based on diagnostic criteria, or a combination of these; c) performances of 

ICB+ were compared with ICB-; d) cognitive, affective and/or motivational 

measures were reported. A further inclusion criterion was independence of samples. 

Only baseline data for prospective studies and the study with the largest sample for 

multiple studies published by the same author(s) were included. 

Reviews, case studies, commentaries, letters, abstracts and dissertations, and 

postal surveys were excluded. Studies including drug naïve PwP were also excluded 

since the focus was on ICBs developed as a DRT side-effect. Studies in which PwP 

underwent non-pharmacological treatments such as Deep Brain Stimulation (DBS) 

were excluded. This criterion was based on controversial reports of either ICBs 

amelioration or ICBs appearance after DBS (Kim et al., 2018; Samuel et al., 2015), 

and the notion that DBS may worsen some cognitive outcomes (Combs et al., 2015). 

Studies including participants with dementia and drug/alcohol abuse were excluded, 

as these conditions might be independently associated with cognitive and 

neuropsychiatric changes (American Psychiatric Association, 2013; Fattore & Diana, 

2016; Lee et al., 2015).  Other exclusion criteria were: cognition assessed by self-
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report measures or by general screening tools (e.g., MMSE) because of their limited 

specificity and sensitivity (Hoops et al., 2009). Finally, to ensure that the ICB- group 

was indeed ICB-free, studies where PwP were not screened for the presence of all 

types of ICBs were excluded. 

 

Data extraction 

Following exclusion of duplicate and irrelevant articles through title and 

abstract screening, 79 papers were included for full-text evaluation. Reference lists 

of these studies were manually searched to identify additional relevant articles, and 

two papers were included at this stage. 

Two reviewers (AM, DDL) independently screened titles and abstracts using 

Rayyan software (Ouzzani, Hammady, Fedorowicz, & Elmagarmid, 2016), and three 

reviewers (AM, DDL, ST) independently evaluated papers selected for full-text 

examination. Disagreements were resolved through discussions. Disagreement 

concerned one paper (Merola et al., 2017) over the 75 selected for full-text 

examination (inter-rater agreement: 98.67%). Disagreement concerned the lack of a 

statement indicating that PwP with dementia were excluded. Twenty-five articles 

were included for quantitative analysis. The PRISMA diagram of the study is 

presented in Figure 3.5. 
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Figure 3. 5 PRISMA diagram of the study (www.prisma-statement.org). ICB: 

impulsive-compulsive behaviour; ICB+: persons with Parkinson’s disease (PwP) and 

impulsive-compulsive behaviours; ICB-: PwP without impulsive-compulsive 

behaviours; DRT: dopamine replacement therapy. 
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Corresponding authors of five studies were contacted for exact data. Means 

and standard deviations were obtained for two studies, which reported median and 

interquartile ranges (Pineau et al., 2016; Vela et al., 2016), according to a proposed 

formula (Hozo, Djulbegovic, & Hozo, 2005). Two reviewers (AM, DDL) 

independently extracted the following data: sample size, age at evaluation, age at PD 

onset, PD duration, education (years), H&Y stage, UPDRS-III ON-medication, 

depression, antidepressants use, antipsychotics use, total LEDD (mg), levodopa 

LEDD (LD-LEDD, mg), dopamine agonist equivalent daily dose (DAED, mg), 

outcomes, ICBs screening tool, ICBs type, and statistics. 

Primary outcomes were cognitive, affective and motivational scores. 

Cognitive tests were categorized on the basis of the main cognitive process involved 

(Lezak et al., 2012). The categories were ‘memory’ (short-term verbal and 

visuospatial memory, long-term verbal and visuospatial memory); ‘working 

memory’; ‘attention’; ‘executive function’ (concept formation and reasoning, 

concept formation sort and shift, set-shifting, inhibition, cognitive flexibility, 

incentive-driven decision-making); ‘visuospatial abilities’; ‘language’; ‘apraxia’; 

’novelty seeking’; ‘incentive salience’ and ‘data gathering’. Concept formation and 

reasoning relates to the development of ideas based on the common properties of 

objects, events, or qualities using abstraction and generalization processes whilst 

concept formation sort and shift requires to form a sorting principle and apply it 

(sort), and then abandon it and switch to a different principle (shift) (Lezak et al., 

2012). Affective and motivational measures were categorized as depression, anxiety, 

anhedonia, apathy and impulsivity. 

Cognitive processes assessed in a single study (i.e., novelty seeking, 

incentive salience, data gathering, apraxia) were not included in the meta-analysis. 
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When a study reported multiple measures for the same outcome, the most relevant 

one was chosen by two reviewers with expertise on neuropsychological assessment 

(AM, DDL). 

 

Data analysis 

Data were analysed using ReviewManager v5.3 (The Nordic Cochrane 

Centre, 2014). Effect size was estimated as standardized mean difference (SMD), 

which is comparable to Hedges’ adjusted g value. Effect sizes of 0.2, 0.5 and 0.8 or 

more are considered as small, moderate and large, respectively (Cohen, 1977). 

Cochran’s Q (χ2) was used to test heterogeneity between studies. The degree of 

heterogeneity was quantified by I2, values of which range between 0% and 100%. I2 

percentages of 25, 50, 75 are considered as low, moderate and high, respectively 

(Higgins, Thompson, Deeks, & Altman, 2003). Random-effect model was applied, 

as PwP differ in clinical (e.g., UPDRS-III ON medication range: 10.9 - 36.7) and 

demographic characteristics (e.g., age range: 54.6 – 71.4), therefore the true effect 

may vary from study to study. In contrast to fixed-effect models, random-effect 

models consider both within and between study variances. As heterogeneity was 

moderate to high for some outcomes (i.e., working memory, depression, anxiety, and 

apathy), the consequences of applying a fixed-effect model, which does not consider 

between studies variance, may result in type I error rate inflation (Field & Gillet, 

2010). Conversely, if random-effect models are applied with effect sizes that vary 

only due to sampling error as when heterogeneity is low (i.e., short-term visuospatial 

memory, attention, concept formation reasoning, anhedonia), the consequences are 

less dramatic (e.g., using Hedges’ method, the additional between-study effect size 

variance used in the random effect method becomes zero when sample effect sizes 
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are homogeneous, yielding the same result as the fixed effect method) (Field & 

Gillet, 2010). Moreover, following this approach, studies were not excluded because 

of their small sample size, because in random-effect models effect sizes are weighed 

by their variance, which is higher in smaller studies. 

Two authors independently explored funnel plots for publication bias (AM, 

DDL), and incongruences were resolved by discussion with two other authors (ST, 

JAG). A funnel plot is a scatter plot of the effect estimates from individual studies 

against some measure of each study’s size or precision (e.g., standard error) (Sterne 

et al., 2011). When there are no bias and high between study heterogeneity, the 

scatter plot will be due to sampling variation alone and it will resemble a 

symmetrical inverted funnel (Sterne et al., 2011). Funnel plots of outcomes with less 

than ten studies were not inspected since the power is too low to discriminate 

publication bias’s asymmetry from chance (Sterne et al., 2011). Blinding of 

assessors (performance bias) and incomplete data outcome (attrition bias) were 

independently assessed for each study as “low risk”, “high risk” or “unclear” by two 

reviewers (AM, DDL) following Cochrane Collaboration recommendations. 

Sensitivity analysis was performed by excluding one study at time and verifying its 

impact on the overall effect size. Sensitivity analysis was not performed for 

outcomes with two studies. Moderator analysis via meta-regression was performed 

using SPSS version 21.0 (IBM Corp., 2012). The underlying hypothesis was that 

variation among studies in effect size was associated with differences in age, years 

of education, disease duration, UPDRS-III score, H&Y score, total LEDD, LD-

LEDD, and DAED. Moderator analysis was conducted only for outcomes in which 

there were at least ten studies to one covariate (Borenstein, 2009).  
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Results 

After removal of duplicates, 10,200 records were screened by title and 

abstract, 79 full-text articles were assessed for eligibility, and 54 were excluded 

(Figure 3.5). Twenty-five studies were included in the meta-analysis. Demographic 

and clinical characteristics of the studies included in the meta-analysis is provided in 

Table 3.9. List of studies excluded at the full-text screening stage with reasons for 

exclusions is provided in the Appendix Y. 
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Table 3. 9 Characteristics of the studies included in the meta-analysis. 

Ref Pts (males) Age (y)* PD onset 
(y)* 

PD duration 
(y)* 

Education 
(y)* 

H&Y UPDRS-III 
(ON)* 

Depression† Antidep 
(N) 
 

Bentivogli
o et al. 
(2013) 

ICB+: 17 (14) 
ICB-: 17 (11) 

ICB+: 62.0 
(10.1) 
ICB-: 63.9 
(9.2) 

NR ICB+: 6.9 (3.8) 
ICB-: 7.3 (4.4) 

ICB+: 8.7 
(3.7) 
ICB-: 10.2 
(4.4) 

ICB+: 2.0 
(0.8) 
ICB-: 2.3 
(0.5) 

ICB+: 23.8 
(11.0) 
ICB-: 22.5 
(6.9) 

NO ICB+: 2 
ICB-: 4 

Biundo et 
al. (2011) 

ICB+: 33 (18) 
ICB-: 24 (17) 

ICB+: 61.3 
(10.2) 
ICB-: 70.4 
(6.8) 

ICB+: 53.2 
(10.6) 
ICB-: 60.5 
(10.0) 

ICB+: 8.8 (4.8) 
ICB-: 8.9 (5.4) 

ICB+: 11.8 
(3.9) 
ICB-: 10.4 
(4.8) 

NR ICB+: 30.2 
(13.2) 
ICB-: 32.3 
(12.8) 

NO NR 

Biundo et 
al. (2015) 

ICB+:58 (38) 
ICB-:52 (32) 

ICB+: 60.3 
(9.3) 
ICB-: 63.1 
(10.2) 

ICB+: 50.1 
(12.1) 
ICB-: 54.7 
(11.6) 

ICB+: 9.0 (5.5) 
ICB-: 8.0 (5.7) 

ICB+: 10.9 
(4.3) 
ICB-: 11.3 
(4.7) 

ICB+: 2.4 
(0.7) 
ICB-: 2.3 
(0.7) 

ICB+: 26.7 
(16.5) 
ICB-: 28.5 
(12.3) 

NO NR 

Cera et al. 
(2014) 

ICB+:9 (6) 
GD:10 (7) 
ICB-:14 (7) 

ICB+: 59.3 
(6.8) 
GD: 60.6 
(6.8) 
ICB-: 59.0 
(9.5) 

NR ICB+: 29.0 
(8.5)‡ 

GD: 28.2 (12.3) 
ICB-: 27.2 (8.4) 

ICB+: 10.3 
(3.2) 
GD: 11.7 (2.6) 
ICB-: 
11.7(1.9) 

ICB+: 1.7 
(0.3) 
GD: 1.9 
(0.2) 
ICB-: 1.7 
(0.0) 

ICB+: 21.4 
(4.2) 
GD: 20.5 
(6.8) 
ICB-: 21.6 
(6.9) 

NO NR 

Cilia et al. 
(2008) 

ICB+: 11 (10) 
ICB-: 40 (27) 

ICB+: 57.4 
(5.8) 
ICB-: 55 
(7) 

ICB+: 49.5 
(4.7) 
ICB-: 46.4 
(7.2) 

ICB+: 8.4 (3.4) 
ICB-: 8.4 (5.1) 

NR 
NR 

ICB+: 2.1 
(0.6) 
ICB-: 2.3 
(0.8) 

ICB+: 18.0 
(11.0) 
ICB-: 19.1 
(8.5) 

YES NO 

Claassen et 
al. (2015) 

ICB+: 12 (8) 
ICB-:12 (6) 

ICB+: 59.4 
(5.5) 
ICB-: 60.8 
(7.2) 

NR ICB+: 6.5 (4.7) 
ICB-: 6.1 (3.8) 

ICB+: 17.1 
(2.7) 
ICB-: 16.3 
(2.8) 

NR ICB+: 15.9 
(6.6) 
ICB-: 15.7 
(8.3) 

YES NO 

Djamshidi
an et al. 
(2010) 

ICB+:18 (13) 
ICB-:12 (9) 

ICB+: 55 
(2.1) 
ICB-: 63.6 
(2.2) 

ICB+: 43.9 
(2.1) 
ICB-: 50.9 
(2.2) 

ICB+: 10.9 (1.2) 
ICB-: 12.7 (2.1) 

ICB+: 12.2 
(0.9) 
ICB-: 14.2 
(1.3) 

NR ICB+: 18.0 
(2.2)§ 

ICB-: 13.0 
(1.4) 

NO NR 
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Table 3. 9 (continued) Characteristics of the studies included in the meta-analysis. 

Ref Pts (males) Age (y)* PD onset 
(y)* 

PD duration 
(y)* 

Education 
(y)* 

H&Y UPDRS-III 
(ON)* 

Depression† Antidep 
(N) 
 

Djamshidian 
et al. (2011) 

ICB+: 28 (21) 
ICB-:24 (21) 

ICB+: 54.6 
(9.2) 
ICB-: 64.2 
(10.1) 

ICB+: 44.5 
(8.7) 
ICB-: 52.5 
(9.6) 

ICB+: 10.1 (5.5) 
ICB-: 11.7 (7.2) 

ICB+: 13.4 
(3.0) 
ICB-: 14.7 
(3.6) 

NR ICB+: 15.5 
(8.3) 
ICB-: 14.4 
(5.8) 

NO ICB+: 4 
ICB-: 2 

Erga et al. 
(2017) 

ICB+: 38 (26) 
ICB-:87 (49) 

ICB+: 67.9 
(7.7) 
ICB-: 71.4 
(9.8) 

NR ICB+: 7.4 (1.6) 
ICB-: 7.4 (1.9) 

NR ICB+: 2.2 
(0.5) 
ICB-: 2.2 
(0.6) 

ICB+: 23.8 
(10.5) 
ICB-: 22.2 
(10.7) 

NO ICB+: 5 
ICB-:11 

Housden et 
al. (2010) 

ICB+: 18 (11) 
ICB-:18 (12) 

ICB+: 62.3 
(7.6) 
ICB-: 67.7 
(5.5) 

NR ICB+: 13.9 (9.0) 
ICB-: 12.9 (8.3) 

NR ICB+: 2.5 
(0.6) 
ICB-: 2.5 
(0.7) 

ICB+: 20.0 
(6.6) 
ICB-: 21.3 
(10.4) 

YES NR 

Joutsa et al. 
(2015) 

ICB+:9 (9) 
ICB-:8 (8) 

ICB+: 59.3 
(8.4) 
ICB-: 60.1 
(5.9) 

ICB+: 53.1 
(8.7) 
ICB-: 55.3 
(5.1) 

ICB+: 6.1 (1.8) 
ICB-: 5.1 (2.0) 

NR NR ICB+: 31.7 
(4.9) 
ICB-: 30.1 
(10.7) 

YES NR 

Leroi et al. 
(2011) 

ICB+: 35 
ICB-:38 

NR NR NR NR NR ICB+: 26.9 
(10.0) 
ICB-: 24.1 
(10.4) 

NO NR 

Mack et al. 
(2013) 

ICB+: 17 (11) 
ICB-:17 (8) 

ICB+: 61.1 
(7.5) 
ICB-:  63.8 
(8.5) 

ICB+: 48.1 
(5.2) 
ICB-: 53.7 
(10.0) 

ICB+: 13.1 (6.9) 
ICB-: 10.2 (5.6) 

NR ICB+: 2.8 
(1.0) 
ICB-: 2.4 
(1.3) 

ICB+: 36.7 
(16.1) 
ICB-: 28.5 
(15.2) 

NO YES 

Merola et al. 
(2017) 

ICB+: 8 (8) 
ICB-: 113 (60) 

NR ICB+: 48.2 
(9.4) 
ICB-: 46.6 
(7.3) 

ICB+: 13.4 (7.8) 
ICB-: 13.1 (4.4) 

NR NR ICB+: 14.3 
(6.7) 
ICB-: 15.5 
(7.8) 

NO NR 
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Table 3. 9 (continued) Characteristics of the studies included in the meta-analysis. 

Ref Pts (males) Age (y)* PD onset 
(y)* 

PD duration 
(y)* 

Education 
(y)* 

H&Y UPDRS-III 
(ON)* 

Depression† Antidep 
(N) 
 

O’Sullivan 
et al. (2010) 

ICB+:39 (31) 
ICB-:61 (44) 

ICB+: 59.3 
(9.1) 
ICB-: 66.6 
(9.5) 

ICB+: 45.8 
(10.3) 
ICB-: 55.9 
(11.7) 

ICB+: 12.0 (6.0) 
ICB-: 9.6 (7.1) 

NR ICB+: 2.6 
(0.5) 
ICB-: 2.2 
(0.5) 

ICB+: 16.3 
(7.5) 
ICB-: 18.5 
(8.8) 

NO NR 

O’Sullivan 
et al. (2011) 

ICB+: 30 (26) 
ICB-: 62 (46) 

ICB+: 58.9 
(8.5) 
ICB-: 66.4 
(9.7) 

ICB+: 46.2 
(10.1) 
ICB-: 55.8 
(12.0) 

ICB+: 11.5 (5.9) 
ICB-: 9.5 (7.0) 

NR ICB+: 3 (2-
3)¶ 

ICB-: 2 (2-3) 

NR NO YES 

Pettorruso et 
al. (2014) 

GD: 11 (8) 
ICB+: 23 (18) 
ICB-: 120 (60) 

GD: 64.9 
(10.9) 
ICB+: 62.0 
(9.1) 
ICB-: 67.7 
(9.4) 

GD: 56.6 
(10.6) 
ICB+: 53.2 
(9) 
ICB-: 60.6 
(9.2) 

GD: 8.3 (3.2) 
ICB+: 8.8 (6) 
ICB-: 7.0 (5.4) 

GD: 10 (4.2) 
ICB+: 11.3 
(4.4) 
ICB-: 11 (5.2) 

NR GD: 20.4 
(12.3) 
ICB+: 18.4 
(8.5) 
ICB-: 20.4 
(8.4) 

NO NR 

Pineau et al. 
(2016) 

ICB+: 17 (14) 
ICB-: 20 (13) 

ICB+: 55 
(37–69)|| 

ICB-: 55 
(40-62) 

ICB+: 48 
(32–65)|| 

ICB-: 48 
(35–55) 

ICB+: 7 (2–10)|| 

ICB-: 5.5 (4–12) 
ICB+: 7 (3–7)|| 

ICB-: 7 (3–7) 
NR ICB+: 7 (0–

23)|| 

ICB-: 8.5 
(0–34) 

NO NR 

Piray et al. 
(2014) 

ICB+: 16 (14) 
ICB-: 15 (12) 

ICB+: 64.4 
(3.3) 
ICB-: 63.3 
(4.0) 

NR ICB+: 9.6 (2.5) 
ICB-: 8.9 (3.1) 

NR ICB+: 2.5 
(0.5) 
ICB-: 2.4 
(0.6) 

ICB+: 19.0 
(5.3) 
ICB-: 19.6 
(6.4) 

NO NR 

Pontieri et 
al. (2015) 

GD: 21 
ICB+: 36 
ICB-: 98 

GD: 58 (9) 
ICB+: 64 
(8) 
ICB-: 66 
(9) 

GD: 51 (8) 
ICB+: 57 
(10) 
ICB-: 61 
(9) 

GD: 8 (5) 
ICB+: 7 (4) 
ICB-: 5 (3) 

GD: 10 (4) 
ICB+: 11 (4) 
ICB-: 10 (4) 

GD: 2.0 
(0.5) 
ICB+: 1.9 
(0.8) 
ICB-: 1.8 
(0.5) 

GD: 21.5 
(11.6) 
ICB+: 19.1 
(12.7) 
ICB-: 19.0 
(11.9) 

NO GD: 4 
ICB+: 7 
ICB-: 26 
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Table 3. 9 (continued) Characteristics of the studies included in the meta-analysis. 

Ref Pts (males) Age (y)* PD onset 
(y)* 

PD duration 
(y)* 

Education 
(y)* 

H&Y UPDRS-III 
(ON)* 

Depression† Antidep 
(N) 
 

Rossi et al. 
(2010) 

ICB+: 7 (6) 
ICB-: 13 (10) 

ICB+: 61.4 
(6.9) 
ICB-: 65.1 
(3.8) 

ICB+: 52.0 
(5.6) 
ICB-: 58.3 
(6.9) 

NR ICB+: 13.8 
(4.1) 
ICB-: 11.9 
(5.5) 

ICB+: 2.2 
(0.7) 
ICB-: 2.0 
(0.7) 

ICB+: 17.0 
(9.1) 
ICB-: 14.7 
(6.7) 

NO NR 

Tessitore et 
al. (2016) 

ICB+: 15 (13) 
ICB-: 15 (12) 

ICB+: 62.9 
(8.6) 
ICB-: 63.1 
(8.0) 

NR ICB+: 5.3 (2.9) 
ICB-: 6.6 (3.9) 

ICB+: 9.8 (5) 
ICB-: 12.9 (8) 

ICB+: 1.3 
(0.5) 
ICB-: 1.4 
(0.6) 

ICB+: 10.9 
(4.5) 
ICB-: 12.1 
(4.4) 

NO NO 

Vela et al. 
(2016) 

ICB+: 49 (28) 
ICB-: 35 (23) 

ICB+: 48 
(44–52)¶ 

ICB-: 46 
(42–52) 

NR ICB+: 7 (3−11)¶ 

ICB-: 3 (1−10) 
NR ICB+: 2 (2–

2)¶ 

ICB-: 2 (1–
2) 

ICB+: 
16(10−22)¶ 

ICB-: 17 
(11–24) 

NO NO 

Vitale et al. 
(2011) 

HS: 13 (13) 
M-ICB: 10 (9) 
ICB-: 14 

HS: 68.7 
(5.4) 
M-ICB: 
62.2 (7.5) 
ICB-: 61.3 
(8.2) 

HS: 59.5 
(5.6) 
M-ICB: 
55.5 (5.3) 
ICB-: 53.2 
(9.1) 

HS: 8.5 (3.9) 
M-ICB: 8.1 
(4.5) 
ICB-: 7.6 (4.4) 

HS: 9.5 (5) 
M-ICB: 8.2 
(2.8) 
ICB-: 13 (4) 

HS: 1.8 (0.5) 
M-ICB: 1.5 
(0.7) 
ICB-: 1.8 
(0.8) 

HS: 15.1 
(6.5) 
M-ICB: 13 
(7.1) 
ICB-: 11.7 
(6) 

NO HS: 1 
M-ICB: 
2 
ICB-: 0 

Wu et al. 
(2015) 

S-ICB: 7 
M-ICB: 10 
ICB-: 9 

S-ICB: 
62.3 (3.9) 
M-ICB: 
58.1 (2.8) 
ICB-: 60.2 
(3.2) 

S-ICB: 
51.7 (4.0) 
M-ICB: 
43.8 (3.4) 
ICB-: 50.3 
(3.4) 

S-ICB: 10.6 
(2.0) 
M-ICB: 14.3 
(11.2) 
ICB-: 9.9 (2.1) 

NR NR NR NO NR 

  

  



154 
 

Table 3.9 (continued). Characteristics of the studies included in the meta-analysis. 

Ref Antipsy: 
N 

LEDD (mg) Outcomes 
 

ICB 

Total LEDD* LD-LEDD* DAED* Diagnosis** Type: N 

Bentivoglio et 
al. (2013) 

ICB+: 3 ICB+: 606.1 
(319.2) 
ICB-: 616.2 
(367.8) 

ICB+: 539 
(264.3) 
ICB-: 455.7 
(299.0) 

ICB+: 172.9 
(112.2) 
ICB-: 192.5 
(88.5) 

Digit span forward; CBTT; 
Immediate visual memory; 
RAVLT; Digit span backward; 
Double barrage; FAB; MWCST; 
RCPM; Stroop; Fluency (semantic, 
phonological); IGT; Apraxia 
(ideomotor, orofacial, 
constructional); Oral confrontation 
naming (nouns, verbs); HAM-D; 
HAM-A; BIS-11 

Clinical 
interview 
(DSM-IV) 

HS: 8; CS: 2; 
GD: 10; BE: 
6; M-ICB: 7 

Biundo et al. 
(2011) 

NR ICB+: 556.8 
(304.6) 
ICB-: 497.4 
(341.2) 

NR ICB+: 186.5 
(149.3) 
ICB-: 165.8 
(108.8) 

Digit span forward; CBTT; 
RAVLT; ROCF (copy, delayed); 
Digit span backward; TMT A; 
FAB; TMT B; RCPM; Similarities 
for abstract verbal reasoning; 
Stroop; Fluency (semantic, 
phonological); BDI 

MIDI; DSM-IV-
TR; interview 
(caregivers); 
additional 
clinical 
interview 

HS: 11; CS: 9; 
GD: 1; 
punding: 
2; M-ICB: 12 

Biundo et al. 
(2015) 

NR ICB+: 923.1 
(474.1) 
ICB-: 722.6 
(498.5) 

NR ICB+: 163.7 
(111.3) 
ICB-: 148.9 
(105.0) 

Digit span forward; CBTT; Prose 
(immediate, delayed); ROCF; Digit 
ordering test; TMT-A; TMT B; 
Stroop; Fluency (semantic, 
phonological); Naming; VOSP; 
Clock drawing test; BDI 

QUIP-rs; MIDI; 
clinical 
interview (PwP 
and carergiver) 

HS: 6; CS: 7; 
GD: 2; 
hoarding: 2; 
impulsive 
aggression: 1; 
M-ICB: 40 

Cera et al. 
(2014) 

NO ICB+: 283.3 
(132.9) 
GD: 294.5 
(123.1) 
ICB-: 307 (96.3) 

NR NR Stroop test; Emotional Stroop test; 
Monetary risk tasking task 

DSM-IV, 
QUIP-rs, SOGS 

GD:10; M-
ICB: 9 
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Table 3.9 (continued). Characteristics of the studies included in the meta-analysis. 

Ref Antipsy: 
N 

LEDD (mg) Outcomes 
 

ICB 

Total LEDD* LD-LEDD* DAED* Diagnosis** Type: N 
Cilia et al. 
(2008) 

NO ICB+: 811.8 
(229.0) 
ICB-: 877.3 
(289.3) 

NR ICB+: 289.1 
(57.5) 
ICB-: 340.1 
(157.2) 

FAB; RPM; GDS Diagnostic 
criteria; SOGS 

GD:1; 
GD+HS: 5; 
GD+BE: 2; 
GD+CS: 2; 
GD+IA: 1 

Claassen et al. 
(2015) 

NO ICB+: 618.7 
(361.9) 
ICB-: 520.3 
(314.9) 

ICB+: 408.2 
(349.6) 
ICB-: 319.7 
(318.9) 

ICB+: 293.8 
(167.4) 
ICB-: 200.6 
(116.8) 

Stop signal task; CESD QUIP; clinical 
interview 

HS: 5; CS: 5; 
BE: 6; 
hobbism: 9 

Djamshidian 
et al. (2010) 

NR ICB+: 971 
(183)§ 

ICB-: 732 (203) 

ICB+: 752 
(109)§ 

ICB-: 604 
(73) 

NR Digit span backward; Risk Task; 
Learning task. 

Diagnostic 
criteria 

GD: 10; HS:9; 
CS: 5; BE: 7; 
DDS: 6; 
punding: 2; 
kleptomania: 1 

Djamshidian 
et al. (2011) 

NR ICB+: 832 (425) 
ICB-: 821 (400) 

NR NR Stroop Diagnostic 
criteria 

GD: 11; HS: 
13; CS: 8; 
punding:4; 
kleptomania:1 

Erga et al. 
(2017) 

NR ICB+: 730.6 
(343.3) 
ICB-: 658.4 
(275.9) 

ICB+: 505.2 
(279.1) 
ICB-: 408.7 
(266.7) 

ICB+: 293.7 
(132.4) 
ICB-: 289.5 
(150.0) 

CLVT-II; Stroop; Fluency 
(phonological); VOSP; MADRS 

QUIP M-ICB: 36 
(GD: 2; HS: 7; 
CS:6; BE:14; 
punding:12; 
hobbyism:13; 
DDS: 3) 

Housden et al. 
(2010) 

NR ICB+: 891.5 
(432.1) 
ICB-: 804.8 
(358.5) 

ICB+: 643.5 
(254.1) 
ICB-: 634.2 
(301.7) 

ICB+: 248 
(301.3) 
ICB-: 170.5 
(159.3) 

Digit span forward; Digit span 
backward; KDT; WTAR; SAT; 
BDI; STAI-state 

Structured 
interview 
(diagnostic 
criteria) 

GD:9; BE: 9; 
HS: 7; CS: 6; 
DDS: 4; 
punding: 8 
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Table 3. 9 (continued). Characteristics of the studies included in the meta-analysis 

Ref Antipsy: 
N 

LEDD (mg) Outcomes 
 

ICB 

Total LEDD* LD-LEDD* DAED* Diagnosisg Type: N 
Joutsa et al.  
(2015) 

NR ICB+: 628 (186) 
ICB-: 762 (269) 

NR ICB+: 173 (80) 
ICB-: 216 (67) 

KDT Diagnostic 
criteria 

GD: 5; HS: 
4; BE: 1 

Leroi et al. 
(2011) 

NR NR NR NR n-back; Fluency (phonological); 
HADS-D; HADS-A; AES-C; BIS-
11 

Diagnostic 
criteria; SOGS 

GD: 12; HS: 
9; CS: 5; 
BE: 3; DDS: 
3; punding: 
3 

Mack et al. 
(2013) 

NR ICB+: 1,677.9 
(893.0) 
ICB-: 1,269.3 
(560.7) 

NR NR Digit span; HVLT-R; TMT-A; 
TMT-B; Fluency (semantic, 
phonological); NART; BDI 

Semistructure
d interview 
(diagnostic 
criteria) 
  
  

NR 

Merola et al. 
(2017) 

NR ICB+: 1576.4 
(397.6) 
ICB-: 1216.2 
(403.0) 

NR ICB+: 344.4 
(314.5) 
ICB-: 297.2 
(235.3) 

Digit span forward; Bi-syllabic 
words repetition test; CBTT; Paired 
associate learning; TMT-A; Digit 
cancellation test; FAB; TMT-B; 
MWCST; RCPM; Fluency 
(semantic, phonological); BDI; 
STAI-state; AES-C 

Clinical 
interview 
(diagnostic 
criteria) 

GD, HS, CS, 
punding, 
DDS 

O’Sullivan 
et al. (2010) 

NR ICB+: 927 (658) 
ICB-: 742 (477) 

ICB+: 684 
(512) 
ICB-: 588 
(418) 

ICB+: 259 (472) 
ICB-: 139 (200) 

HADS-D; HADS-A; BSCS; 
Impulse buying tendency; 

Semistructure
d interview 
(diagnostic 
criteria) 

Punding: 20; 
BE: 14; HS: 
12; GD: 11; 
CS: 11; 
DDS: 11 
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Table 3. 9 (continued). Characteristics of the studies included in the meta-analysis. 

Ref Antipsy: 
N 

 LEDD (mg)  Outcomes 
 

ICB 

Total LEDD* LD-LEDD* DAED* Diagnosisg Type: N 
O’Sullivan 
et al. (2011) 

NR ICB+: 981 (651) 
ICB-: 645 (443) 

ICB+: 701 (508) 
ICB-: 543 (399) 

ICB+: 201 (0-
284)¶ 

ICB-: 0 (0-201) 

HADS-D; HADS-A Semistructure
d interview 
(diagnostic 
criteria) 

HS: 12; GD: 
11; CS: 8; 
BE: 8; 
punding: 15 

Pettorruso et 
al. (2014) 

NR GD: 712 (373) 
ICB+: 654 (380) 
ICB-: 575 (420) 

GD: 592 (404) 
ICB+: 458 (376) 
ICB-: 445 (386) 

GD: 120 (99) 
ICB+: 196 (113) 
ICB-: 130 (112) 

FAB; HAM-D; HAM-A; SHAPS; 
BIS-11 

Interview 
(diagnostic 
criteria) 

S-ICB: 24; 
M-ICB: 10 
(GD: 11; 
HS: 20; BE: 
9; CS: 5) 

Pineau et al. 
(2016) 

NR ICB+: 897.5 
(299.9–1247.3)|| 

ICB-: 1049.9 
(527.1–1549.8) 

NR ICB+: 299.9 
(77–718.0)|| 

ICB-: 340.2 
(66.7–700.0) 

Conner's performance test; TMT B-
A; MWCST; Fluency 
(phonological); IGT; MADRS; 
Starkstein apathy scale; BIS-11 

Semistructure
d interview; 
ASBPD 
  

GD: 6; HS: 
1; CS: 2; 
CE: 2; M-
ICB: 6 

Piray et al. 
(2014) 

NR NR NR NR Digit span forward; Digit span 
backward; Probabilistic reward 
learning task; NAART; BDI; BIS-
11 

Interview S-ICB: 4; 
M-ICB: 12 
(CS: 10; HS: 
9; GD: 6; 
BE: 4) 

Pontieri et 
al. (2015) 

GD: 2 
ICB+: 3 
ICB-:4 

GD: 794 (603) 
ICB+: 704 (509) 
ICB-: 416 (304) 

GD: 487 (625) 
ICB+: 388 (278) 
ICB-: 251 (279) 

GD: 307 (275) 
ICB+: 316 (374) 
ICB-: 166 (197) 

RAVLT (immediate, delayed); 
ROCF (immediate, delayed); 
MWCST; Stroop; Fluency 
(semantic, phonological); HAM-D; 
HAM-A; SHAPS; Starkstein apathy 
scale 

Diagnostic 
criteria; QUIP 

GD: 21 (GD 
only:10; GD 
and other 
ICB:11); 
HS:16; 
CS:3; 
BE:10;M-
ICB: 7 

Rossi et al. 
(2010) 

NR ICB+: 935.9 
(548.6) 
ICB-: 698.2 
(474.6) 

NR ICB+: 201.9 
(78.0) 
ICB-: 223.9 
(136.8) 

FAB; MWCST; Go/No-Go; Stroop; 
IGT; Game of dice; Investment 
task; Social cognition; Reversal and 
extinction learning; MADRS 

Interview 
(diagnostic 
criteria); 
MIDI; SOGS; 

GD: 7; HS: 
2; CS: 2; 
DDS:2 
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Table 3. 9 (continued). Characteristics of the studies included in the meta-analysis. 

Ref Antipsy: 
N 

LEDD (mg) Outcomes 
 

ICB 

Total LEDD* LD-LEDD* DAED* Diagnosisg Type: N 

Tessitore et 
al. (2016) 

NO ICB+: 477.3 
(222.9) 
ICB-: 532.1 
(207.2) 

NR ICB+: 243.3 
(82.1) 
ICB-: 243.3 
(90.2) 

CBTT; RAVLT (immediate, 
delayed); Attentional matrices; 
TMT-B; WCST; RCPM; Stroop; 
Fluency (semantic, phonological); 
ROCF; HAM-D; HADS 

MIDI HS:13; 
BE:8; GD: 1 

Vela et al. 
(2016) 

NO ICB+: 543 
(248–1039)¶ 

ICB-: 460 (133–
700) 

ICB+: 300 (0–
675)¶ 

ICB-: 300 (0–
600) 

ICB+: 210 
(168–308)¶ 

ICB-: 180 

(0−300) 

BDI QUIP GD: 9; HS: 
20; CS: 13; 
BE: 17; 
hobbyism: 
25; punding: 
15; 
walkabout: 4 

Vitale et al. 
(2011) 

HS: 2 
M-ICB: 
0 
ICB-: 0 

HS: 727.3 
(254.3) 
M-ICB: 808.3 
(292.2) 
ICB-: 630.3 
(311.8) 

NR HS: 200 (130.4) 
M-ICB: 207.1 
(159.2) 
ICB-: 267.1 
(201.3) 

WCST; ROCF copy; TMT B-A; 
Attentional matrices; Stroop; 
RAVLT (immediate, delayed); 
HAM-D; HADS-A; HADS-D 

MIDI; clinical 
interview 

HS: 13; M-
ICB: 10 

Wu et al. 
(2015) 

NR S-ICB: 782.3 
(83.5) 
M-ICB: 724.0 
(99.0) 
ICB-: 831.9 
(119.2) 

S-ICB: 538.0 
(83.4) 
M-ICB: 268.5 
(84.9) 
ICB-: 666.3 
(129.0) 

S-ICB: 244.3 
(51.4) 
M-ICB: 244.0 
(55.4) 
ICB-: 165.6 
(48.9) 

BDI Semistructure
d interview 

HS: 4; GD: 
3; M-ICB: 
10 

Legend. AES-C: Apathy evaluation scale by a clinician; ASBPD: Antidep: antidepressant; Antipsy: antipsychotic; Ardouin scale of behaviour in 

Parkinson's disease; BDI: Beck depression inventory; BE: binge eating; BIS-11: Barratt impulsiveness questionnaire; BSCS: Brief self-control 
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scale CBTT: Corsi’s block-tapping test; CESD: Center for Epidemiological Studies-Depression scale; CLVT-II: California verbal learning test 

II; CS: compulsive shopping; DAED: dopamine agonist equivalent daily dose; DDS: Dopamine dysregulation syndrome; DSB: digit span 

backward; DSF: digit span forward; DSM-IV: diagnostic and statistical manual of mental disorders, fourth edition; DSM-IV-TR: diagnostic and 

statistical manual of mental disorders, fourth edition, text revision; FAB: frontal assessment battery; GDS: Geriatric depression scale; HADS-A: 

Hospital anxiety and depression scale – anxiety subscale; HADS-D: Hospital anxiety and depression scale – depression subscale; HAM-A: 

Hamilton rating scale for anxiety; HAM-D: Hamilton rating scale for depression; H&Y: Hoehn & Yahr score; HS: hyper-sexuality; HVLT-R: 

Hopkins verbal learning test revised; IA: internet addiction; ICBs: impulsive-compulsive behaviours; ICB+: PwP with ICB; ICB-: PwP without 

ICBs; IGT: Iowa gambling task; KDT: Kirby Monetary Choice Questionnaire of temporal discounting; LEDD: levodopa equivalent daily dosage 

(mg); LD: levodopa; MADRS: Montgomery-Asberg depression rating scale; M-ICBs: multiple ICBs; MIDI: Minnesota impulsive disorder 

interview; MMSE: mini-mental state examination; MWCST: Modified Wisconsin card sorting test; N: number of PwP; NAART: North 

American adult reading test; NART: The National adult reading test; NR: not reported. PD: Parkinson’s disease; PwP: persons with Parkinson’s 

disease; GD: gambling disorder; Pts: PwP; QUIP: questionnaire for impulsive-compulsive disorders in Parkinson’s disease; QUIP-rs: 

questionnaire for impulsive-compulsive disorders in Parkinson’s disease rating scale; RAVLT: Rey’s auditory verbal learning test; RCPM: 

Raven’s coloured progressive matrices; Ref: reference number; ROCF: Rey-Osterrieth complex figure test; RPM: Raven’s progressive matrices; 

SAT: salience attribution test; SHAPS: Snaith-Hamilton pleasure scale; S-ICB: single ICBs; SOGS: South oaks gambling screen; STAI-state: 
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state-trait anxiety inventory; TMT-A: Trail making test part A; TMT-B: Trail making test part B; UPDRS-III: unified Parkinson’s disease rating 

scale part III (motor subscale) score; VOSP: visual object and space perception battery; WCST: Wisconsin card sorting test; WTAR: Wechsler 

test of adult reading; y: years. *Mean (SD) unless otherwise stated. †Depression as an exclusion factor. ‡Data reported in months. §Mean (SEM). 

¶Median (interquartile range). ||Median (lower–upper quartile). **Questionnaire or method used to screen and/or diagnose ICBs. 
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Four studies investigated cognitive performance without affective and 

motivational outcomes (Cera et al., 2014; Djamshidian et al., 2010; Djamshidian, 

O’Sullivan, Lees, et al., 2011; Joutsa et al., 2015), seventeen studies included both 

cognitive, affective and motivational outcomes (Bentivoglio et al., 2013; Biundo et 

al., 2011, 2015; Cilia et al., 2008; Claassen et al., 2015; Erga et al., 2017; Housden et 

al., 2010; Leroi et al., 2011; Mack et al., 2013; Merola et al., 2017; Pettorruso et al., 

2014; Pineau et al., 2016; Piray et al., 2014; Pontieri et al., 2015; Rossi et al., 2010; 

Tessitore et al., 2016; Vitale et al., 2011), and four studies included affective and 

motivational data only (O’Sullivan, Djamshidian, et al., 2010; O’Sullivan, Loane, et 

al., 2011; Vela et al., 2016; Wu et al., 2015). 

Three studies divided ICB+ in two groups: PwP with gambling disorder and 

those with ICBs other than gambling disorder (Cera et al., 2014; Pettorruso et al., 

2014; Pontieri et al., 2015), and one study divided the ICB+ in multiple and single 

ICBs groups (Wu et al., 2015). As the comparison between ICBs subtypes was not 

relevant in this meta-analysis, sub-groups were merged by calculating the pooled 

means and standard deviations. In one study (Vitale et al., 2011) ICB+ group was 

divided in gambling disorder, binge eating, hypersexuality and multiple ICBs sub-

groups. Since seven PwP belonging to either the gambling disorder or the binge 

eating sub-groups developed ICBs before DRT initiation, only data from 

hypersexuality and multiple ICBs sub-groups were extracted and merged as 

described above. Six studies focused on neuroimaging outcomes but also provided 

affective (Wu et al., 2015) and cognitive measures (Biundo et al., 2011, 2015; Cilia 

et al., 2008; Joutsa et al., 2015; Tessitore et al., 2016). One study retrospectively 

investigated persistent, remitting, and new-onset ICBs before and after subthalamic 

nucleus DBS (STN-DBS) (Merola et al., 2017). For this study, only pre-STN-DBS 
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data of persistent and never experienced ICBs were included in the meta-analysis. 

Despite the fact that dementia was not explicitly excluded (Merola et al., 2017), data 

were included because STN-DBS is performed in non-demented PwP only. 

The meta-analysis includes 1563 subjects. The ICB+ group was composed of 

625 PwP (mean age range: 54.6–68.7 years; mean PD duration: 2.4–14.3 years; 

mean H&Y: 1.3–2.8; mean UPDRS-III score ON medication: 10.9–36.7). The ICB- 

group included 938 PwP (mean age range: 55–71.4 years; mean PD duration: 2.3–

13.1 years; mean H&Y stage: 1.4–2.5; mean UPDRS-III score ON medication: 11.7–

32.3). 

Fourteen meta-analyses were performed to compare cognitive outcomes and 

five to compare affective and motivational measures in ICB+ compared to ICB- 

groups. 

The following cognitive outcomes were explored: short-term verbal and 

visuospatial memory, long-term verbal and visuospatial memory, working memory, 

attention, set-shifting, concept formation (reasoning, sort and shift), inhibition, 

cognitive flexibility, incentive-driven decision-making, visuospatial abilities, and 

language. Cognitive subdomains and related cognitive tasks are provided in Table 

3.10. 
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Table 3. 10 Cognitive subdomains and tasks used in the studies included in the meta-analysis. 

Cognitive 
subdomain 

Cognitive tasks References 

Short-term verbal 
memory 

CVLT-II immediate Erga et al. (2017) 

Digit Span Forward Bentivoglio et al. (2013); Biundo et al. (2011); Biundo et al. (2015); Housden et al. (2010); Merola et 
al. (2017); Piray et al. (2014) 

RAVLT - immediate Pontieri et al. (2015); Tessitore et al. (2016); Vitale et al. (2011) 

Short-term 
visuospatial 
memory 

CBTT Bentivoglio et al. (2013); Biundo et al. (2011); Biundo et al. (2015); Merola et al. (2017); Tessitore et 
al. (2016) 

Long-term verbal 
memory 

CVLT-II delayed 
HVLT-R delayed 
Paired associate learning 
Prose Memory 

Erga et al. (2017) 
Mack et al. (2013) 
Merola et al. (2017) 
Biundo et al. (2015) 

RAVLT- delayed Bentivoglio et al. (2013); Biundo et al. (2011); Pontieri et al. (2015); Tessitore et al. (2016); Vitale et 
al. (2011) 

Long-term 
visuospatial 
memory 

ROCF – delayed Biundo et al. (2011); Biundo et al. (2015); Pontieri et al. (2015) 

Working memory Digit Ordering Test Biundo et al. (2015) 

Digit Span Backward Bentivoglio et al. (2013); Biundo et al. (2011); Djamshidian et al. (2010); Housden et al. (2010); 
Piray et al. (2014) 

n-Back Leroi et al. (2011) 
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Table 3. 10 (continued) Cognitive subdomains and tasks used in the studies included in the meta-analysis. 

Cognitive 
subdomain 

Cognitive tasks References 

Attention Attentive Matrices Tessitore et al. (2016); Vitale et al. (2011) 

Conner’s Performance Test Pineau et al. (2016) 

Double barrage – accuracy Bentivoglio et al. (2013) 

TMT-A Biundo et al. (2011); Biundo et al. (2015); Mack et al. (2013); Merola et al. (2017) 

Set-shifting TMT-B Biundo et al. (2011); Biundo et al. (2015); Mack et al. (2013); Merola et al. (2017); Tessitore et al. 
(2016) 

TMT- B-A Pineau et al. (2016); Vitale et al. (2011) 

Concept 
formation (sort 
and shift) 

MWCST – categories Bentivoglio et al. (2013); Merola et al. (2017); Pineau et al. (2016); Pontieri et al. (2015); Rossi et al. 
(2010) 

WCST – global score Tessitore et al. (2016); Vitale et al. (2011) 

Concept 
formation 
(reasoning) 

RCPM 
RPM 

Bentivoglio et al. (2013); Biundo et al. (2011); Merola et al. (2017); Tessitore et al. (2016) 
Cilia et al. (2008) 

Inhibition Go/No-Go – errors Rossi et al. (2010) 

Stop Signal Task Claassen et al. (2015) 

Stroop errors Bentivoglio et al. (2013); Biundo et al. (2011); Biundo et al. (2015); Djamshidian et al. (2011); Vitale 
et al. (2011) 

Stroop time Cera et al. (2014); Erga et al. (2017); Pontieri et al. (2015); Tessitore et al. (2016) 
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Table 3. 10 (continued) Cognitive subdomains and tasks used in the studies included in the meta-analysis. 

Cognitive 
subdomain 

Cognitive tasks References 

Cognitive 
flexibility 

Phonological Fluency Bentivoglio et al. (2013); Biundo et al. (2011); Biundo et al. (2015); Erga et al. (2017); Leroi et al. (2011); 
Mack et al. (2013); Merola et al. (2017); Pineau et al. (2016); Pontieri et al. (2015); Tessitore et al. (2016) 

Incentive-
driven 
decision-
making 

IGT Bentivoglio et al. (2013); Pineau et al. (2016); Rossi et al. (2010) 

KDT Housden et al. (2010); Joutsa et al. (2015) 

Monetary risk taking Cera et al. (2014) 

Probabilistic Reward Piray et al. (2014) 

Risk Task Djamshidian et al. (2010) 

Visuospatial 
abilities 

Constructional apraxia Bentivoglio et al. (2013) 

ROCF – copy Biundo et al. (2011); Biundo et al. (2015); Pontieri et al. (2015); Tessitore et al. (2016); Vitale et al. (2011) 

VOSP - silhuette Erga et al. (2017) 

Language Naming Biundo et al. (2015) 

Oral Verbal Naming Bentivoglio et al. (2013) 
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Table 3. 10 (continued) Cognitive subdomains and tasks used in the studies included in the meta-analysis. 

Affective and 
Motivational 

Self-report measures References 

Depression BDI Biundo et al. (2011); Biundo et al. (2015); Housden et al. (2010); Mack et al. (2013); Merola et al. (2017); 
Piray et al. (2014); Vela et al. (2016); Wu et al. (2015) 

CESD Claassen et al. (2015) 

GDS Cilia et al. (2008) 

HADS-D Leroi et al. (2011); O’Sullivan et al. (2010); O’Sullivan et al. (2011); Vitale et al. (2011) 

HAM-D Bentivoglio et al. (2013); Pettorruso et al. (2014); Pontieri et al. (2015); Tessitore et al. (2016) 

MADRS Erga et al. (2017); Pineau et al. (2016); Rossi et al. (2010) 

Anxiety HADS-A Leroi et al. (2011); O’Sullivan et al. (2010); O’Sullivan et al. (2011); Tessitore et al. (2016); Vitale et al. 
(2011) 

HAM-A Bentivoglio et al. (2013); Pettorruso et al. (2014); Pontieri et al. (2015) 

STAI-state Housden et al. (2010); Merola et al. (2017) 

Anhedonia SHAPS Pettorruso et al. (2014); Pontieri et al. (2015) 

Apathy AES-C Leroi et al. (2011); Merola et al. (2017) 

Starkstein Apathy Scale Pineau et al. (2016); Pontieri et al. (2015) 

Impulsivity BIS-11 Bentivoglio et al. (2013); Leroi et al. (2011); Pettorruso et al. (2014); Pineau et al. (2016); Piray et al. (2014) 

BSCS O’Sullivan et al. (2010) 
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Legend. AES-C: Apathy evaluation scale by a clinician; BDI: Beck depression inventory; BIS-11: Barratt impulsiveness questionnaire; BSCS: 

brief self-control scale; CBTT: Corsi’s block-tapping test; CVLT-II: California verbal learning test II; CESD: Centre for Epidemiological 

Studies-Depression scale; GDS: Geriatric depression scale; HADS-A: Hospital anxiety and depression scale-anxiety subscale; HADS-D: 

Hospital anxiety and depression scale-depression subscale; HAM-A: Hamilton rating scale for anxiety; HAM-D: Hamilton rating scale for 

depression; HVLT-R: Hopkins verbal learning test revised; IGT: Iowa gambling task; KDT: Kirby Monetary Choice Questionnaire of temporal 

discounting; MADRS: Montgomery-Asberg depression rating scale; MWCST: modified Wisconsin card sorting test; RAVLT: Rey’s auditory 

verbal learning test; RCPM: Raven’s colored progressive matrices; ROCF: Rey-Osterrieth complex figure test; RPM: Raven’s progressive 

matrices; SHAPS: Snaith-Hamilton pleasure scale; STAI-state: state-trait anxiety inventory; TMT-A: trail making test part A; TMT-B: trail 

making test part B; VOSP: visual object and space perception battery; WCST: Wisconsin card sorting test. In bold scores that have been 

reversed in order to obtain scores with the same meaning (e.g., higher scores better performances).
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ICB+ showed worse performance in set-shifting (SMD = -0.49; 95% CI: -

0.78, -0.21; Z = 3.37; p = 0.0008) and incentive-driven decision-making (SMD = 

0.42; 95% CI: 0.02, 0.82; Z = 2.05; p = 0.04). The heterogeneity was low-to-

moderate for set-shifting (χ2 = 9.32, p = 0.16, I2 = 36%) and moderate for incentive-

driven decision-making (χ2 = 15.50, p = 0.03, I2 = 55%). Effect sizes for the other 

cognitive outcomes did not differ significantly between groups. Heterogeneity was 

low for short-term visuospatial memory, attention, concept formation (reasoning), 

moderate for cognitive flexibility, concept formation (sort and shift), and language, 

high for short-term verbal memory, long-term verbal memory, long-term 

visuospatial memory, visuospatial abilities, and inhibition, moderate-to-high for 

working memory. Forest plots for cognitive outcomes are provided in Figures 3.6, 

3.7, 3.8, 3.9, 3.10.  
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A. Short-term memory (verbal) 

 

B. Short-term memory (visuo-spatial) 

 

C. Long-term memory (verbal) 

 

D. Long-term memory (visuo-spatial) 

 

Figure 3. 6 Forest plots for memory. Here are reported forest plots for short-term 

(verbal, (A) visuospatial, (B) and long-term (verbal, (C); visuospatial, (D) memory 

outcomes. Standardized mean difference represents Hedges’s g effect size. The size 

of the square indicates the weight of the study. The horizontal line represents the 

95% confidence interval. The diamond represents the pooled effect size. Negative 
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effect sizes indicate worse performance in Persons with Parkinson’s disease (PwP) 

with ICBs (ICB+) in comparison to those without ICB (ICB–). ICBs, impulsive-

compulsive behaviours. 
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A. Working memory 

 

B. Attention 

 

Figure 3. 7 Forest plots for working memory and attention. Here are reported forest 

plots for working memory (A) and attention (B). Standardized mean difference 

represents Hedges’s g effect size. The size of the square indicates the weight of the 

study. The horizontal line represents the 95% confidence interval. The diamond 

represents the pooled effect size. Negative effect sizes indicate worse performance in 

Persons with Parkinson’s disease (PwP) with ICBs (ICB+) in comparison to those 

without ICBs (ICB−). ICBs, impulsive-compulsive behaviours. 
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A. Set-shifting 

 

B. Concept formation (reasoning) 

 

C. Concept formation (sort and shift) 

 

Figure 3. 8 Forest plots for executive functions set-shifting and concept formation. 

Here are reported forest plots for set-shifting (A), and concept formation (reasoning, 

B; sort and shift, C). Standardized mean difference represents Hedges’s g effect size. 

The size of the square indicates the weight of the study. The horizontal line 

represents the 95% confidence interval. The diamond represents the pooled effect 

size. Negative effect sizes indicate worse performance in Persons with Parkinson’s 

disease (PwP) with ICBs (ICB+) in comparison to those without ICBs (ICB−). ICBs, 

impulsive-compulsive behaviours. 



173 

 

A. Inhibition 

 

B. Cognitive flexibility 

 

C. Incentive-driven decision-making 

 

Figure 3. 9 Forest plots for executive functions inhibition, cognitive flexibility, and 

incentive-driven decision-making. Here are reported forest plots for inhibition (A), 

cognitive flexibility (B), and incentive-driven decision-making (C). Standardized 

mean difference represents Hedges’s g effect size. The size of the square indicates 

the weight of the study. The horizontal line represents the 95% confidence interval. 

The diamond represents the pooled effect size. Negative effect sizes indicate worse 

performance in Persons with Parkinson’s disease (PwP) with ICBs (ICB+) in 

comparison to those without ICBs (ICB–). ICBs, impulsive-compulsive behaviours. 
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A. Visuospatial abilities 

 

B. Language 

 

Figure 3. 10 Forest plots for visuospatial abilities and language. Here are reported 

forest plots for visuospatial abilities (A) and language (B). Standardized mean 

difference represents Hedges’s g effect size. The size of the square indicates the 

weight of the study. The horizontal line represents the 95% confidence interval. The 

diamond represents the pooled effect size. Negative effect sizes indicate worse 

performance in Persons with Parkinson’s disease (PwP) with ICBs (ICB+) in 

comparison to those without ICBs (ICB−). ICBs, impulsive-compulsive behaviours. 
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The following self-reported affective and behaviour outcomes were explored: 

depression, anxiety, anhedonia, apathy and impulsivity. ICB+ showed increased 

depression (SMD = 0.35; 95% CI: 0.16, 0.54; Z = 3.54; p = 0.0004), anxiety (SMD = 

0.43; 95% CI: 0.18, 0.68; Z = 3.39; p = 0.0007), anhedonia (SMD = 0.26; 95% CI: 

0.01, 0.50; Z = 2.01; p = 0.04), and impulsivity (SMD = 0.79; 95% CI: 0.50, 1.09; Z 

= 5.26; p < 0.00001), but comparable apathy symptoms. Heterogeneity was low for 

anhedonia (χ2 = 0.01, p = 0.94, I2 = 0%), moderate for impulsivity (χ2 = 8.89, p = 

0.11, I2 = 44%), and moderate-to-high for depression (χ2 = 51.42, p = 0.0001, I2 = 

61%), anxiety (χ2 = 21.27, p = 0.01, I2 = 58%), and apathy (χ2 = 9.09, p = 0.03, I2 = 

67%). Forest plots for affective and motivational outcomes are provided in Figure 

3.11. Results of the meta-analyses are summarized in Table 3.11. 
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A. Depression 

 

B. Anxiety 

 

C. Anhedonia 

 

D. Apathy 
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E. Impulsivity 

 

Figure 3. 11 Forest plots for affective and motivational outcomes. Here are reported 

forest plots for depression (A), anxiety (B), anhedonia (C), apathy (D), and 

impulsivity (E). Standardized mean difference represents Hedges’s g effect size. The 

size of the square indicates the weight of the study. The horizontal line represents the 

95% confidence interval. The diamond represents the pooled effect size. Negative 

effect sizes indicate worse performance in Persons with Parkinson’s disease (PwP) 

with ICBs (ICB+) in comparison to those without ICBs (ICB−). ICBs, impulsive-

compulsive behaviours.
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Table 3. 11 Results of the meta-analyses. 
 

 

 

 

 

 

 

 

 

 

 

Legend. K: number of studies; N: number of participants; SMD: standardized mean difference; CI: confidence interval. P values below the 

significance level (p<0.05) are reported in italics. 

 

   Random-effect model results  Heterogeneity 
Outcome K N SMD [95% CI] Z p  X2 p I2 

Short-term verbal memory 10 736 -0.25 [-0.66, 0.16] 1.22 0.22  51.26 <0.00001 82% 
Short-term visuospatial memory 5 352 -0.12 [-0.42, 0.17] 0.82 0.41  5.26 0.26 24% 
Long-term verbal memory 9 702 -0.18 [-0.52, 0.16] 1.04 0.30  29.66 0.0002 73% 

Long-term visuospatial memory 3 322 -0.21 [-0.64, 0.21] 0.99 0.32  6.64 0.04 70% 
Working memory 7 371 -0.21 [-0.54, 0.13] 1.19 0.24  14.73 0.02 59% 
Attention 8 460 -0.22 [-0.47, 0.03] 1.73 0.08  9.40 0.23 26% 
Set-shifting 7 426 -0.49 [-0.78, -0.21] 3.37 0.0008  9.32 0.16 36% 
Concept formation (sort and shift) 7 434 -0.15 [-0.48, 0.19] 0.86 0.39  11.56 0.07 48% 
Concept formation (reasoning) 5 293 -0.21 [-0.56, 0.14] 1.16 0.25  5.66 0.23 29% 
Inhibition 11 677 -0.23 [-0.59, 0.12] 1.27 0.20  44.95 <0.00001 78% 
Cognitive flexibility 10 776 -0.02 [-0.25, 0.20] 0.19 0.85  16.79 0.05 46% 
Reward-related decision-making 8 238 0.42 [0.02, 0.82] 2.05 0.04  15.50 0.03 55% 
Visuospatial abilities 7 548 -0.30 [-0.69, 0.08] 1.57 0.12  24.86 0.0004 76% 
Language 2 144 -0.35 [-0.87, 0.17] 1.31 0.19  1.96 0.16 49% 
Depression 21 1431 0.35 [0.16, 0.54] 3.54 0.0004  51.42 0.0001 61% 
Anxiety 10 832 0.43 [0.18, 0.68] 3.39 0.0007  21.27 0.01 58% 
Anhedonia 2 309 0.26 [0.01, 0.50] 2.01 0.04  0.01 0.94 0% 
Apathy 4 386 0.42 [-0.04, 0.87] 1.81 0.07  9.09 0.03 67% 
Impulsivity 6 429 0.79 [0.50, 1.09] 5.26 <0.00001  8.89 0.11 44% 
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Risk of bias 

Visual exploration of funnel plots did not suggest possible publication bias 

for short-term verbal memory, inhibition, cognitive flexibility, depression, and 

anxiety that were the only outcomes with at least ten studies; that is, small studies 

spread across both sides of the plot. Funnel plots are provided in Figure 3.12. Risk of 

performance bias was unclear with only 2/25 studies indicating assessors blinding 

procedures (Housden et al., 2010; O’Sullivan, Djamshidian, et al., 2010). Attrition 

bias was low, with 4/25 studies with missing data (Joutsa et al., 2015; Mack et al., 

2013; O’Sullivan, Djamshidian, et al., 2010; Piray et al., 2014). Risk of performance 

and attrition biases graph is provided in Figure 3.13. 
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A. Funnel plot for short-term verbal memory 

 

B. Funnel plot for inhibition 

 

C. Funnel plot for cognitive flexibility 
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D. Funnel plot for depression 

 

E. Funnel plot for anxiety 

 

Figure 3. 12 Funnel plots for cognitive, affective and motivational outcomes. Here 

are reported funnel plots for short-term verbal memory (A), inhibition (B), 

phonological fluency (C), depression (D), and anxiety (E). There is no evidence to 

suggest publication bias. Small studies spread across both sides of the plot (A-E). 

High heterogeneity might account for a scattered shape of the funnel plot (A, B, D, 

E). 
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Figure 3. 13 Risk of performance and attrition biases graph. Review authors' 

judgements about detection and attrition biases presented as percentages across all 

included studies. 

 

Sensitivity analysis and moderator analysis 

Sensitivity analysis showed that after removing Pontieri et al. (2015), the 

overall effect size of long-term visuospatial memory became significant (SMD = -

0.44; 95% CI: -0.75, -0.13; Z = 2.81; p = 0.005) and the heterogeneity changed from 

high (χ2 = 6.64, p = 0.04, I2 = 70%) to low (χ2 = 0.62, p = 0.43, I2 = 0%). After 

removing Biundo et al. (2011), the overall effect size of working memory became 

significant (SMD = -0.32; 95% CI: -0.63, -0.01; Z = 2.05; p = 0.04) and the 

heterogeneity changed from high (χ2 = 14.73, p = 0.02, I2 = 59%) to moderate (χ2 = 

8.41, p = 0.13, I2 = 41%). The overall effect size of attention became significant after 

removing Merola et al. (2017) (SMD = -0.27; 95% CI: -0.50, -0.04; Z = 2.29; p = 

0.02), but heterogeneity remained low. The overall effect size of inhibition became 

significant after removing Biundo et al. (2015) (SMD = -0.34; 95% CI: -0.65, -0.03; 

Z = 2.18; p = 0.03) and heterogeneity changed from high to moderate-to-high (χ2 = 

24.18, p = 0.004, I2 = 63%). The overall effect size of incentive-driven decision-

making lost significance after removing Bentivoglio et al. (2013) (SMD = 0.42; 95% 

CI: -0.05, 0.89; Z = 1.75; p = 0.08), Housden et al. (2010) (SMD = 0.36; 95% CI: -

0.08, 0.81; Z = 1.59; p = 0.11), Piray et al. (2010) (SMD = 0.35; 95% CI: -0.08, 
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0.78; Z = 1.58; p = 0.11), and Rossi et al. (2010) (SMD = 0.29; 95% CI: -0.03, 0.61; 

Z = 1.78; p = 0.07). After removing Rossi et al. (2010), heterogeneity changed from 

moderate (χ2 = 15.50, p = 0.03, I2 = 55%) to low (χ2 = 8.27, p = 0.22, I2 = 27%). 

Including or excluding the other studies did not change heterogeneity. The overall 

effect size of apathy became significant after removing Pontieri et al. (2015) (SMD = 

0.60; 95% CI: 0.25, 0.95; Z = 3.38; p = 0.0007) and heterogeneity changed from 

high (χ2 = 9.09, p = 0.03, I2 = 67%) to low (χ2 = 2.07, p = 0.35, I2 = 4%). 

Moderator analysis was performed for short-term verbal memory, inhibition, 

cognitive flexibility, and depression, which were the only outcomes that included at 

least ten studies each (Borenstein, 2009). Anxiety did not undergo moderator 

analysis, because none of the covariates of interest were assessed in at least ten 

studies. Moderator analysis showed no effect of age, education, PD duration, H&Y, 

UPDRS-III, and total LEDD, LD-LEDD, DAED on short-term verbal memory, 

inhibition, cognitive flexibility, and depression. Results of the moderator analysis are 

provided in Table 3.12.
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Table 3. 12 Results of the moderator analysis. 

 Short-term Verbal 
Memory 

 Inhibition  Cognitive Flexibility  Depression  Anxiety 

Moderators K β p  K β p  K β p  K β p  K β p 

Age 9a -- --  11 -0.003 0.97  8a -- --  19 -0.03 0.18  8a -- -- 
Education 8a -- --  10 -0.05 0.67  6a -- --  10 -0.05 0.33  6a -- -- 
PD Duration 8a -- --  10 0.04 0.64  9a -- --  19 -0.01 0.81  8a -- -- 
H&Y Stage 8a -- --  8a -- --  6a -- --  14 -0.15 0.57  7a -- -- 
UPDRS-III 10 0.07 0.08  11 0.02 0.58  10 -0.005 0.80  19 -0.01 0.56  9a -- -- 
Total LEDD 9a -- --  10 0.002 0.20  9a -- --  19 0.000 0.99  9a -- -- 
DAED 9a -- --  9a -- --  8a -- --  18 0.001 0.43  9a -- -- 
LD-LEDD 4a -- --  5a -- --  3a -- --  10 0.000 0.75  6a -- -- 

Legend. PD: Parkinson’s disease; H&Y: Hoehn & Yahr score; UPDRS-III: unified Parkinson’s disease rating scale part III (motor subscale) 

score; LEDD: levodopa equivalent daily dosage (mg); DAED: dopamine agonist equivalent daily dosage (mg); LD: levodopa; K: number of 

studies. anot included in the moderator analysis because k<10.
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Discussion 

The primary aim of this meta-analysis of 25 studies was to describe the 

pattern of cognitive function in DRT-medicated ICB+ compared to ICB-. A stricter 

set of inclusion criteria was applied than used previously (Santangelo, Raimo, & 

Barone, 2017), to achieve a more homogenous ICB+ group, and a better 

understanding of the relationship between ICBs and cognition in medicated PD. A 

secondary aim was to examine affective and motivational correlates of ICBs, as 

emotion-cognition and motivation-cognition relationships are receiving increasing 

attention to understand psychopathology and improve pharmacological and 

psychological treatments (Crocker et al., 2013). 

The findings of the present meta-analysis suggest ICBs to be associated with 

worse performance on a set of executive function measures assessing set-shifting 

(Trail Making Test part B, and B-A) and incentive-driven decision-making (Iowa 

Gambling Task, Monetary Risk Task, Kirby Monetary Choice Questionnaire), with 

relative sparing of other executive tasks that assess concept formation and reasoning 

(Raven’s progressive matrices standard and coloured versions), concept formation 

sort and shift (Wisconsin card sorting test standard and modified versions), 

inhibition (Stroop, Stop Signal Task, Go/No-Go), and cognitive flexibility 

(phonological fluency), as well as memory, working memory, attention, visuospatial 

abilities, and language.  

Set-shifting and incentive-driven decision-making abilities are important 

determinants of advantageous behaviour, serving to translate goals into action 

planning, as well as monitoring response and errors (Gläscher et al., 2012; Sinha et 

al., 2013).  
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Structural and functional neuroimaging outcomes were not included in this 

meta-analysis, but neuroanatomical findings in PwP with abnormalities in set-

shifting and incentive-driven decision-making may help speculate on brain areas that 

may undergo DRT overdose in PD.  Lesion-symptom mapping studies suggest 

incentive-driven decision-making to rely upon an anatomical network composed of 

the ventromedial, orbitofrontal and frontopolar cortices. In particular, set-shifting, 

which is one of the processes underlying cognitive control involved in option 

generation stage of the incentive-driven decision-making framework (Sinha et al., 

2013), depends on rostral ACC functioning (Gläscher et al., 2012). These brain areas 

form part of the mesocorticolimbic system that, in the early stages of PD, undergo 

less dopaminergic damage than the dorsal striatal pathways. 

According to the ‘overdose hypothesis’, the DRT amount required to control 

motor symptoms in PD has the potential to move the same PwP away from the 

optimum for certain cognitive functions (Rowe et al., 2008). The relationship 

between the efficiency of neuronal activity and the state of dopaminergic modulation 

is represented by a Yerkes-Dodson inverted U-shaped curve with cognitive functions 

declining with deviation away from optimum DA levels, indicated by the centre of 

the curve (Cools & Robbins, 2004). Extrapolating this model to set-shifting and 

incentive-driven decision-making implies that DRT has the capacity to both improve 

and impair these executive functions depending on baseline DA levels in the 

underlying neural circuitry. For PwP with low baseline DA levels in the 

mesocorticolimbic system, DRT may optimize activity as supported by improved 

set-shifting and incentive-driven decision-making when assessed in an optimally 

medicated state compared to the same PwP assessed following DRT withdrawal 

(Boller et al., 2014; Cools et al., 2001). By the same token, if PwP starts out with 
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higher mesocorticolimbic baseline levels of DA, DRT causes DA over-activity in the 

mesocorticolimbic system. This view is consistent with evidence that DA agonists 

increase frontal cortex blood flow (Claassen et al., 2017), and enhance incentive-

driven risk-taking behaviour in ICB+ compared to ICB- (Claassen et al., 2011). 

Furthermore, preserved brain metabolism has been observed in ICB+ compared to 

ICB- (Marín-Lahoz et al., 2020). 

A recent meta-analysis of case-control studies on the prevalence of ICBs in 

PD provides indirect evidence of dopaminergic over-activity, as being medicated for 

PD and disease duration were both factors that increased the risk of ICBs (Molde et 

al., 2018). As disease duration advances, the dopaminergic degeneration spreads to 

brain areas that were spared in the early stages of the disease, such as the prefrontal 

cortex (Marinus et al., 2018). The progressive involvement of brain areas during PD 

progression may have two consequences. The first is a dysregulation of brain regions 

involved in the top-down mechanisms of cognitive control of behaviour (Cilia et al., 

2011), that are important for the option generation, option selection, and action 

initiation or inhibition stages of the incentive-driven decision-making (Sinha et al., 

2013). The second is the need to increase DRT dosage to compensate motor 

symptoms and the consequent overstimulation of less damaged brain areas. 

However, the relationship between ICBs and DRT dosage is not well established; 

some studies report no difference between DRT doses and ICBs (Avanzi et al., 2006; 

Erga et al., 2017; Isaias et al., 2008; Vela et al., 2016), with others reporting an 

association between ICBs and DA agonists doses (Biundo et al., 2017; Corvol et al., 

2018; Joutsa, Martikainen, Vahlberg, & Kaasinen, 2012; Perez-Lloret, Rey, Fabre, 

Ory, Spampinato, Brefel-Courbon, et al., 2012; Valença et al., 2013; Zhang, He, Li, 

Chen, & Liu, 2017). This meta-analysis lacked the power for conducting moderator 
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analysis for disease duration, total LEDD, LD-LEDD, and DAED in incentive-

driven decision-making and set-shifting leaving this question unanswered. 

Data from reported here meta-analysis may help reconcile the debate whether 

ICBs in PD is associated with frontal lobe dysfunction (Djamshidian et al., 2014; 

Siri et al., 2015; Steeves et al., 2009; van Eimeren et al., 2010). The discrepancy 

between previous reports is likely due to differences in the tasks and the underlying 

executive function subdomains investigated. The data of this meta-analysis indicate 

that some frontal tasks and related subdomains may not be affected by ICBs. 

Therefore, neuropsychological evaluation of ICB+ should include a broad range of 

executive function tasks, encompassing both incentive-driven decision-making and 

set-shifting, and not be limited to a general frontal screening test, such as the Frontal 

Assessment Battery, which does not include those subdomains. 

The profile of executive dysfunction found in the present work confirms the 

conclusions of a previous meta-analysis (Santangelo, Raimo, & Barone, 2017) that 

also reported reduced abstraction/concept formation and visuospatial abilities in 

ICB+. The discrepancy between the two meta-analyses can be ascribed to the 

inclusion of two reports (Erga et al., 2017; Merola et al., 2017) not available at the 

time of the former one, and by stricter exclusion criteria. Six studies included by 

Santangelo et al. (2017) were excluded in this meta-analysis (Cerasa et al., 2014; 

Leroi et al., 2013; Santangelo et al., 2009; Voon, Gao, et al., 2011; Voon, Reynolds, 

et al., 2010; Yoo, Yun, et al., 2015), because of a) the ICB- group included PwP with 

hypersexuality and compulsive shopping (Santangelo et al., 2009), b) dementia not 

excluded (Leroi et al., 2013), c) previous or current drug abuse or dependence 

(Voon, Gao, et al., 2011; Voon, Reynolds, et al., 2010), and d) PwP screened for 
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gambling disorder (Cerasa et al., 2014) or punding (Yoo, Yun, et al., 2015) only, 

thereby the presence of other ICBs in the ICB- group could not be ruled out. 

The secondary aim was to explore affective and motivational outcomes 

associated with ICBs, as evidence indicates a role for DA dysregulation in the 

pathophysiology of impulsivity, apathy, and anhedonia in gambling disorder, drug 

addiction, and ICB+ (Bloomfield et al., 2014; Clark et al., 2012; Sinha et al., 2013). 

The present study found increased rates of self-reported depression, anxiety, 

anhedonia, and impulsivity, but not apathy in ICB+ compared to ICB-. 

Impulsivity and apathy have been suggested to represent opposite ends of a 

dopaminergic continuum, where the former and the latter are associated with hyper 

and hypodopaminergic states, respectively (Sinha et al., 2013). According to this 

view, DRT mesocorticolimbic overstimulation increases impulsivity that, in turn, 

may enhance incentive-driven behaviour that, over time, may become addictive in 

nature (Antonini & Cilia, 2009). The association between ICB+ and impulsivity but 

not apathy in this meta-analysis is consistent with this model and the evidence that 

the DA agonist pramipexole improves apathy in PwP without ICBs (Leentjens et al., 

2009) but also increases impulsivity (Weintraub et al., 2010).  

Anhedonia is defined as the decreased ability to experience pleasure from 

positive stimuli (American Psychiatric Association, 2013). Pramipexole may reduce 

anhedonia in ICB-, suggesting its hypodopaminergic nature (Lemke, Brecht, 

Koester, Kraus, & Reichmann, 2005). The co-occurrence of hypodopaminergic 

anhedonia with hyperdopaminergic ICBs is surprising. One possible explanation is 

that ICB+ may have decreased ability to experience pleasure when not engaged in 

ICBs. This hypothesis is supported by the evidence that people addicted to alcohol or 

drugs experience anhedonia during withdrawal syndrome, a feature that may 
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facilitate relapse (Hatzigiakoumis, Martinotti, Di Giannantonio, & Janiri, 2011). 

However, the relationship between anhedonia and dopaminergic states is not so 

straightforward and anhedonia is also recognized as one of the overlapping 

symptoms between apathy and depression (Pagonabarraga, Kulisevsky, Strafella, & 

Krack, 2015). The association with anhedonia may be confounded by the presence of 

depression, which in some cases might be serotoninergically mediated (Boileau et 

al., 2008). However, there are only two studies investigating anhedonia and further 

investigation is needed. 

The pathophysiology of depression and anxiety in PD is likely to be 

multifactorial including reaction to disease diagnosis and anxiety about its future 

course. Depression and anxiety are present in the premorbid PD stage (Ishihara & 

Brayne, 2006), therefore suggesting they may represent a core feature of PD. In this 

meta-analysis depression and anxiety levels were higher in ICB+ compared to ICB-. 

ICBs may have a negative impact on the quality of life (Leroi et al., 2011; Vela et 

al., 2016), and in turn increase depression and anxiety levels. Conversely, at least in 

some PwP, depression and anxiety could increase the risk of developing ICBs as 

coping mechanisms (Delaney, Leroi, et al., 2012; Delaney, Simpson, et al., 2012). 

Also, as the mesocorticolimbic pathway dysfunction may be involved in depression, 

anxiety and ICBs, they might co-occur as epiphenomena of shared neural correlates 

(Vriend, Pattij, et al., 2014). 

 

Limitations 

First, this meta-analysis is constrained by a small number of studies, most of 

which with small samples that might have contributed to high heterogeneity for 

some of the outcomes explored. This consideration could be reflected in the 
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sensitivity analysis data for long-term visuospatial memory, working memory, 

attention, inhibition, incentive-driven decision-making, apathy, and it suggests 

caution in the interpretation of the results for these outcomes. For example, long-

term visuospatial memory become significant excluding Pontieri et al. (2015), in 

which participants were under antipsychotic and antidepressant and had lower 

UPDRS-III score and higher DAED compared to the other two studies included in 

the domain (Biundo et al., 2011, 2015). This is also the case for attention, that 

become significant after excluding Merola et al. (2017) in which participants had 

lower UPDRS-III score and higher DAED compared to the other studies included 

(Biundo et al., 2011, 2015; Mack et al., 2013). 

Second, the inclusion in the same domains of tasks that might involve 

different cognitive processes could have contributed to the high heterogeneity and 

the low stability of some results. However, considering the single cognitive task 

would have resulted in a reduction of the power, because of the low number of 

studies using the same tasks. Moreover, in some cases different versions of the same 

task has been used, which may explain the low stability of working memory, 

inhibition and incentive-driven decision-making results when sensitivity analysis 

was performed. Different versions may be differently sensitive to cognitive changes. 

For example, as measure of working memory, Biundo et al. (2011) used a version of 

the digit span backword that is different from the versions used in the other studies 

included (Bentivoglio et al., 2013; Djamshidian et al., 2010; Housden et al., 2010). As 

measure of inhibition, the Stroop task used differ between studies, with 2/5 studies using 

a different version of the task (Djamshidian, O’Sullivan, Lees, et al., 2011; Vitale et al., 

2011). As measure of incentive-driven decision-making, Pineau et al. (2016) used a 

version of the Iowa Gambling Task in which participants received instructions with a 
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hint (i.e., explicit knowledge that there are advantageous decks), compared to the study 

of Bentivoglio et al. (2013) in which this information was not disclosed to participants. 

Conversely, in Rossi et al. (2010) no enough information was provided about the version 

of the Iowa Gambling Task used. Future studies should provide detailed information 

about the tasks used, which may account for differences between studies’ findings. 

Furthermore, providing detailed information is crucial for allowing replicability studies 

conducted by other research groups. 

Third, it was not possible to perform separate analyses for DA agonists and 

LD, as the majority of the studies included PwP who were under both types of DRT. 

Due to the small number of studies, moderator analysis for total LEDD, LD-LEDD 

and DAED was performed for depression only, which showed no effect. This is not 

surprising, as in the larger study published so far, ICBs were found to be associated 

either with DA agonists or, to a lesser extent, with levodopa (Weintraub et al., 2010). 

These data are in keeping with the notion that both levodopa and DA agonists can 

interfere with the phasic and tonic activity of dopaminergic neurons (Voon et al., 

2017) that, by facilitating neuroadaptive changes in dopaminergic system 

functioning, may predispose to ICBs. 

Fourth, the inclusion of cross-sectional studies impedes the exploration of the 

direction of the cause-effect relationship between cognitive, affective and 

motivational outcomes and ICBs; therefore, multicentre and longitudinal studies are 

needed. 

Fifth, 23/25 studies did not mention assessors to be blind to the ICBs status 

and this might have affected tools administration and scoring. Future studies should 

be conducted following blinding procedures. 

Sixth, QUIP, a validated screening instrument with high sensitivity (94%) but 

low specificity (72%) to ICBs in PD (Weintraub et al., 2009) was used as the main 
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screening tool in two studies (Erga et al., 2017; Vela et al., 2016), possibly leading to 

false positive and/or subclinical ICBs inclusion. 

 

Conclusions 

ICBs in PD are associated with worse set-shifting and incentive-driven 

decision-making, and increased depression, anxiety, anhedonia and impulsivity, but 

not apathy. Replicability of these findings, together with the findings of Study 1 of 

this thesis, have been tested in a large cross-sectional multicentre study (Study 3).    

 

Key Findings 

• ICB+ perform worse than ICB- in set-shifting and incentive-driven 

decision-making tasks; 

• ICB+ have higher depression, anxiety, anhedonia and impulsivity 

levels than ICB-; 

• ICB+ and ICB- have comparable apathetic levels. 
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Study 3: A multicentre empirical investigation of cognitive, affective and 

motivational correlates of Impulsive-compulsive behaviours in Parkinson’s 

disease 

 

Abstract 

Background: Study 2 of this thesis shows that ICBs in PD are associated 

with poorer set-shifting and incentive-driven decision-making, as well as increased 

depression, anxiety, anhedonia and impulsivity, but not apathy. In Study 1, PwP with 

ICBs did not change their risky behaviour after a negative feedback in the BART, an 

incentive-driven decision-making task. Study 1 was constrained by small sample size 

therefore findings need to be replicated in a larger cohort of PwP. The aim of the 

present multicentre cross-sectional study is to replicate and confirm Study 1 BART 

findings of negative feedback impairments in a larger sample of PwP with and 

without ICBs and healthy controls. To offer information on the neurobiological 

underpinnings of the findings, the study has been further extended by combining two 

units of assessments (i.e., behavioural and neurophysiology) (Study 4) and data are 

provided in Chapter 4.    

Method: An Italian cohort of 63 PwP (ICB+: 28; ICB-: 35) and 30 HC were 

assessed with a test battery including the BART as well as cognitive, affective and 

motivational measures.  

Results: The study failed to replicate previous findings, in that all groups 

decreased their risky behaviour after negative feedback in the BART. As in Study 1, 

there was no main effect of group [F(2, 87) <1, p = 0.68, ηp2 = 0.01] and 

feedback [F(1, 87) = 1.42, p = 0.24, ηp2 = 0.02]. Conversely from Study 1, there was 

no group x feedback interaction [F(2, 87) <1, p = 0.38]. ICB+ showed increased 
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false alarms in the Go/No-Go task compared to both ICB- and HC [F(2, 89) = 7.41, 

p = 0.001, ηp2 = 0.14; ICB+ vs. ICB-: p = 0.001, d = 0.81, 95% CI [0.05, 2.25]; ICB+ 

vs. HC: p = 0.02, d  = 0.64, 95% CI [0.13, 2.08]; ICB- vs. HC: p = 1.00, d = -0.37, 

95% CI [-1.18, 0.63]]. A main effect of group was found for depression [F(2, 88) = 

5.52, p = 0.006, ηp2 = 0.11], with higher symptoms in ICB+ vs. HC [ICB+ vs. HC: p 

= 0.005, d = 1.02, 95% CI [0.82, 5.35]]. 

Conclusions:  The BART, which is a sensitive measure of risky behaviours 

in non-PD populations, is not a reliable measure of ICBs in PD. Conversely, 

impulsive behaviours in PD seem to be associated with abnormal response inhibition 

and higher levels of depression. These results call for caution against using the 

BART for assessing behavioural performances in ICBs in PD, which is a task that is 

sensitive to changes in healthy, but not necessarily in clinical populations.  
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Introduction 

ICBs in PD seem to be characterized by specific impairments in the 

processes involved in incentive-driven decision-making. In Study 1 of this thesis, 

PwP with ICBs failed to change risky behaviour after negative feedback during 

incentive-driven decision-making (i.e., the BART). Despite being documented, this 

impairment was not by itself sufficient to affect overall risky decision-making 

performance on the BART. These results are in keeping with those from a systematic 

review and meta-analysis of cognitive studies (Study 2) that showed that 

impairments in PwP with ICBs are not only found in tasks assessing incentive-driven 

decision-making, but also in tasks assessing set-shifting. Set-shifting is a process 

related to cognitive control (Gläscher et al., 2012), which is important for the option 

generation stage of the incentive-driven decision-making framework (Sinha et al., 

2013) (Figure 3.1).  

Albeit promising, BART findings of Study 1 are limited by small sample size 

and limited statistical power. Here, we aimed to explore the robustness of previous 

findings by replicating them in a separate and larger sample of PwP.  

Replication studies aim to establish reproducibility of a finding with new 

data. Reproducibility is a core principle of scientific progress (Open Science 

Collaboration, 2015); this is because, in the scientific process, new evidence is 

collected based on previous findings; however, findings from rigorous and high-

quality research may not be reproduced due to random or systematic errors. 

Replication studies may highlight the low reliability of the data (Open Science 

Collaboration, 2015). Replication research in behavioural sciences is not so common 

(Koole & Lakens, 2012; Makel, Plucker, & Hegarty, 2012), although substantial 

efforts have been made to promote it (Open Science Collaboration, 2015).  
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In the current study, a larger PwP sample was used to test replicability of 

Study 1’s findings. Apart from the BART, another incentive-driven decision-making 

task was used to explore whether findings are consistent across measures. Finally, a 

comprehensive neuropsychological, affective and motivational test battery was 

administered to explore whether ICBs in PD are associated with worse cognitive 

control and increased depression, anxiety and impulsivity, as found in Study 2. In a 

subset of PwP, findings of reduced sensitivity toward negative feedback have been 

further supported by combining two units of assessments (i.e., behavioural and 

neurophysiology) and data are provided in Chapter 4 (Study 4). 

 

Aims and Predictions 

The primary aim of this study is to explore the robustness of preliminary 

evidence that PwP with ICBs do not adjust their risky behaviour after negative 

feedback by replicating previous results (Study 1) in a separate and larger cohort of 

PwP. 

In agreement with the results of the meta-analysis on cognitive, affective and 

motivational correlates of ICBs in PD (Study 2), it was further predicted that PwP 

with ICBs, compared to PwP without ICBs would show: 

1.  Increased risk-taking behaviour related to reward decision-making and 

reduced set-shifting abilities (in agreement with Studies 1 and 2); 

2.  Increased levels of depression, anxiety and impulsivity, but not apathy (in 

agreement with Study 2). 

Demographically matched healthy adults have been included to provide 

baseline control data for cognitive and affective variables. 
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Method 

Peer Review and Ethic Approval 

The study has been peer reviewed before submission to the ethic committee 

(Appendix Z). It has been approved in March 2017 by the Ethical Review Panel of 

Keele University following the submission of a complete protocol, participants’ 

consent forms and information sheets, validate and non-validated questionnaires and 

neuropsychological assessments (Appendix AA). The study has also been approved 

by the Ethical Review Panel of Verona and Rovigo Territory in May 2018 

(Appendix AB) and by the Ethical Review Panel of the Venice Territory in 

September 2018 (Appendix AC). 

 

Participants 

Sample Size calculation (power analysis). A sample size of 96 participants 

(32 in each group: ICB+, ICB-, and HC) has been estimated using G*Power. This 

has been done with an a priori power analysis for a one-way ANOVA, a statistical 

power of 0.80, an alpha of 0.05 and effect size of 0.32. The effect size has been 

calculated using the means (number of pumps) and SD of the BART pre- and post-

explosions discrepancy scores from Study 1 (ICB+: M= -0.31, SD=8.20, n=13; ICB-

: M= 6.13, SD= 7.47, n=12; HC: M= 4.65, SD=4.46, n=17) (Martini, Ellis, et al., 

2018). A further 5-6 participants were scheduled to be recruited taking into account a 

drop-out rate of 5% (Martini, Ellis, et al., 2018), which resulted in an overall sample 

size of 102 participants (34 in each group: ICB+, ICB-, and HC). An effect size of 

0.32 is obtained using mean and SD from a previous study (Martini, Ellis, et al., 

2018) where PwP diagnosed with ICBs showed a different performance in a measure 

of risk-taking behaviour (the BART), compared to PwP without ICBs and HC.  
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In this study, data from a total sample of 93 participants (ICB+: N=28; ICB-: 

N=35; HC: N=30) will be presented, as the target number of PwP to be recruited was 

not reached. Effect sizes have also been provided as, unlike p-values, they are 

independent of sample size (Sullivan & Feinn, 2012). 

 

Persons with Parkinson’s disease  

Identification (Pre-screening). In the first site (University Hospital of 

Verona), identification of eligible PwP with a diagnosis of idiopathic mild to 

moderate PD diagnosed according to the UKPDSBB Diagnostic Criteria (1992) was 

coordinated by the CI/PI. In the second site (S. Camillo Hospital of Venice), 

identification of eligible PwP was coordinated by the second site PI. In both sites, 

databases and clinic lists were used to identify eligible PwP. 

 

Recruitment. In both sites, eligible PwP were approached, at the end of the 

routine clinic visit, by a member of the research team. Participants were informed 

about the study and provided with the information sheet (Appendix AD). If they 

were interested in taking part in the study, the screening visit was scheduled. 

 

Screening visit. Sixty-six PwP attended the screening visit. The screening 

visit took place in the Neurology Unit of Policlinico G.B. Rossi (University Hospital 

of Verona) (for the first site) and in the Parkinson’s research Unit of S. Camillo 

Hospital of Venice (for the second site), and lasted 60-90 minutes. Mental capacity 

to consent was assessed by CI/PI or Alice Martini before PwP signed consent forms. 

Capacity to provide informed consent was based on MMSE minimum score of 25 or 

more plus functional assessment of mental capacity with the Four Stage Assessment 
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of Functional Capacity Questionnaire. In the first site, during the screening visit, 

CI/PI or Alice Martini were responsible for (1) reviewing inclusion/exclusion 

criteria; (2) clinical assessment of PD symptoms (modified H&Y Scale, UPDRS 

motor subsection and motor complications subsection); (3) medical history record; 

and (4) assessment of ICBs presence and severity using the clinical interview and the 

QUIP-rs (Appendix AE). The clinical interview includes the same adapted 

diagnostic criteria for gambling disorder, binge eating disorder, compulsive 

shopping, hypersexuality, punding/hobbyism, and DDS as Study 1. If present, the 

caregiver was independently interviewed to confirm the outcome of the clinical 

interview. In case of discrepancies, the caregiver’s interview outcome was 

considered. At the end of the ICBs screening interview, PwP who were experiencing 

clinically significant ICBs were allocated to the ICB+ group and PwP with no 

history of ICBs were allocated to the ICB- group. PwP who did not experience ICBs 

now but in the past (i.e., remitters) were not enrolled in the study. It should be noted 

that PwP in this study had ICBs of such severity that they were deemed by the 

neurologist to be clinically significant. 

At the end of the screening visit, participants signed the consent form 

(Appendix AF). No study procedure initiated until participants provided written 

informed consent. The same procedure was followed in the second site, where PwP 

were screened by a Research Neurologist and ICBs were assessed by a 

neuropsychologist with expertise on ICBs.  

 

Inclusion/exclusion criteria. The same inclusion/exclusion criteria of Study 1 

were followed (see section “inclusion/exclusion criteria”, page 92). PwP could be 

currently medicated with the same medication as Study 1 and/or levodopa/carbidopa 
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intestinal gel infusion. Since the assessments are validated in an Italian population, 

participants who were not Italian native speakers were excluded, in line with Study 

1.  

 

Persons with Parkinson’s disease Participants. Sixty-six PwP with 

idiopathic non-dementing PD were enrolled in the study (34 enrolled in the first site, 

32 enrolled in the second site), but 3 of them were excluded during the screening 

visit as their ICBs was fully remitted (2 in the first site, 1 in the second site). 

Therefore, 63 PwP (47 males, 16 females; mean age = 62.73, SD = 9.92) completed 

the study. All PwP were in the mild to moderate stages of PD (H&Y mean score = 

1.91, SD = 0.54). Summary of PwP recruitment is listed in table 3.13. 

  

Table 3. 13 Summary of eligible PwP identified and recruited. 

Stage of recruitment Number of PwP 

Identified as eligible (pre-screening) 66 

Excluded during the screening 3 

Excluded during the research visit (withdrawn) 0 

Participated in the study 63 
 Legend. PwP: persons with Parkinson’s disease.  

  

PwP were divided in two subgroups: 28 PwP (24 males, 4 females) with 

active ICBs were allocated to the ICB+ group, and 35 PwP (23 males, 12 females) 

with no ICBs history were allocated to the ICB- group3. 

 
3 One of the PwP included in the ICB+ group denied any ICBs, however his behaviour during his 
permanence in the hospital was indicative of ICBs. The PwP was therefore included in the ICB+ 
group. 
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The ICB+ and ICB- subgroups had comparable age [t(61) <1, p = 0.22, d = -

0.32, 95% CI [-0.81, 0.18]], sex [Fisher-Freeman-Halton test, p = 0.09], education 

[t(61) <1, p = 0.61, d = -0.13, 95% CI [-0.63, 0.37]], current levels of functioning 

[MMSE: t(61) <1, p = 0.37, d =0.23, 95% CI [-0.27, 0.73]], disease severity stage 

[H&Y: t(61) <1, p = 0.50, d = 0.17, 95% CI [-0.33, 0.67]], motor functioning 

[UPDRS-III: t(37.54) = 1.64, p = 0.11, d = 0.45, 95% CI [-0.08, 0.99]], and motor 

complications [UPDRS-IV: t(34.54) = 1.32, p =0.19, d = 0.37, 95% CI [-0.17, 0.90]].  

ICB+ had longer disease duration [t(61) = 2.20, p = 0.03, d = 0.56, 95% CI 

[0.05, 1.06]]4, younger age at PD onset [t(61) <1, p = 0.02, d = -0.60, 95% CI [-1.11, 

-0.09]], and higher ICBs severity [QUIP-rs total score: t(28.66) = 6.77, p < 0.00001, 

d = 1.80, 95% CI [1.11, 2.47]]. 

DA agonist use was comparable between groups [Fisher-Freeman-Halton 

test, p = 0.74]. Total LEDD [t(43.12) = 2.72, p = 0.009, d = 0.71, 95% CI [0.18, 

1.22]] was higher in ICB+ vs. ICB- group. Conversely, DAED [t(61) = 1.67, p = 

0.10, d = 0.42, 95% CI [-0.08, 0.92]] and LD-LEDD [U= 353.5, p = 0.06, rrb = 0.28, 

95% CI [-0.003, 0.52]] did not differ between ICB+ and ICB- groups. Total LEDD, 

LD-LEDD and DAED have been calculated following published formula 

(Tomlinson et al., 2010). The new drugs Safinamide and Opicapone have been 

converted following the proposed formula (Schade, Mollenhauer, & Trenkwalder, 

2020), as they were not available at the time the study of Tomlinson et al. (2010) 

was performed. Melevodopa was converted as Levodopa (1 mg Melevodopa = 1 mg 

levodopa). 

 

 
4 Sex, education, MMSE, H&Y, UPDRS-III and IV, disease duration, Total LEDD, LD-LEDD, and 
DAED are not normally distributed. When the results were comparable for both parametric t test and 
for the non-parametric Mann U Whitney, results of parametric tests were provided, as they assure 
greater statistical power. 
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Clinical and demographic characteristics by centre. PwP from the first site 

(N = 32), compared to PwP from the second site (N = 31), were younger [first site: 

M = 60.50, SD = 10.46; second site: M = 65.87, SD = 9.34; t(61) <1, p = 0.04, d = -

0.54, 95% CI [-1.04, -0.04]], had worse motor functioning [UPDRS-III score first 

site: M = 31.47, SD = 14.76; second site: M = 21.08, SD = 10.37; t(54.46) = 3.12, p 

= 0.003, d = 0.81, 95% CI [0.27, 1.36]], and higher DAED levels [first site: M = 

268.13, SD = 234.90; second site: M = 133.87, SD = 91.29; t(40.41) = 3.01, p = 

0.005, d = 0.75, 95% CI [0.23, 1.27]]. 

Sex [Fisher-Freeman-Halton test, p = 0.57], education [t(61) <1, p = 0.36, d = 

0.23, 95% CI [-0.26, 0.73]], current levels of functioning [MMSE: t(61) <1, p = 

0.33, d = 0.25, 95% CI [-0.25, 0.74]], disease duration [t(53.70) <1, p = 0.82, d = 

0.06, 95% CI [-0.44, 0.55]], age at PD onset [t(61) <1, p = 0.06, d = -0.47, 95% CI [-

0.97, 0.03]], disease severity stage [H&Y: t(61) <1, p = 0.58, d = -0.14, 95% CI [-

0.63, 0.35]], motor complications [UPDRS-IV: t(49.09) = 1.58, p =0.12, d = 0.41, 

95% CI [-0.12, 0.93]], DA agonist use [Fisher-Freeman-Halton test, p = 1.00], 

dopaminergic medication levels [Total LEDD, mg: t(61) <1, p = 0.62, d = 0.12, 95% 

CI [-0.37, 0.62]; LD- LEDD, mg: t(61) <1, p = 0.50, d = -0.17, 95% CI [-0.66, 

0.32]], and ICBs severity [QUIP-rs total score: t(61) = 1.35, p = 0.18, d = 0.34, 95% 

CI [-0.16, 0.84]] did not differ between the PwP of the two sites. The number of PwP 

allocated to the ICB+ group did not differ between sites [first site: N = 15; second 

site: N = 13; X2(1, N = 63) = 0.16, p = 0.69]. 

 

 Healthy controls  

Recruitment. In both sites, eligible HC contact details were gathered from (1) 

a list of participants who have taken part in previous studies and agreed to be 
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contacted again about participation in future research or (2) word of mouth. Also, (3) 

volunteers who provided contact details following talks about the study to local PD 

and non-PD associations were recruited. Thirty eligible HC were contacted via email 

or sent the information sheet (Appendix AG). 

 

Screening visit. Thirty HC were screened. In the first site, the screening visit 

for HC took place in the Neurology Unit of the University Hospital of Verona. In the 

second site, the screening visit for healthy controls took place in the Parkinson’s 

Unit of the S. Camillo Hospital. The screening visit lasted 60 minutes. Mental 

capacity to consent was assessed by CI/PI or Alice Martini (in the first site) and by a 

Research Neurologist (in the second site) before PwP signed consent forms. 

Capacity to provide informed consent was based on a combination of MMSE 

minimum score of 25 or more plus functional assessment of mental capacity with the 

Four Stage Assessment of Functional Capacity Questionnaire. During the screening 

visit, the CI/PI or Alice Martini (in the first site) or a Research Neurologist (in the 

second site), was responsible for reviewing inclusion/exclusion criteria, and taking 

consent (Appendix AH). The CI/PI or Alice Martini (in the first site) or a 

neuropsychologist (in the second site) was responsible for administering the clinical 

interview to confirm presence/absence of ICBs. As no cut-off for sensitivity and 

specificity in the general population has been validated yet, the QUIP-rs was not 

administered to HC in agreement with previous studies (Navalpotro-Gomez et al., 

2020; Tessitore, De Micco, et al., 2017). HC experiencing ICBs either at the time of 

the screening visit or in the past were excluded from the study. No study procedure 

initiated until participants provided written informed consent. 
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Inclusion/exclusion criteria. The same inclusion/exclusion criteria of Study 1 

were followed (see section “inclusion/exclusion criteria”, page 95). Since the 

assessments are validated in the Italian population, participants who were not Italian 

native speakers were excluded, in line with Study 1. 

  

Healthy controls Participants. Thirty healthy older adults (18 males, 12 

females; mean age = 61.87, SD = 9.41) were enrolled in the study. 

 

Matching Parkinson’s disease subgroups and healthy controls 

ICB+ and ICB- were matched to the HC for age [F(2,90) <1, p = 0.38, ηp2 = 

0.02] and sex [X2 (2, N=93) = 5.01, p = 0.08]. Years of education was comparable 

between PD groups [ICB+: M = 10.96, SD = 3.51; ICB-: M = 11.51, SD = 4.69; p = 

1.00, d = -0.13, 95% CI [-2.99, 1.90]] but significantly higher in HC [M = 14.80, SD 

= 3.70; HC vs. ICB+: p = 0.002, d = -1.06, 95% CI [-6.37, -1.30]; HC vs. ICB-: p = 

0.005, d = -0.77, 95% CI [-5.69, -0.88]]. Therefore, years of education was included 

as covariate in all the analysis for the following reasons: (i) individuals with higher 

levels of education perform at a higher level of cognitive functioning compared to 

individuals with lower levels of educational attainment (Lenehan, Summers, 

Saunders, Summers, & Vickers, 2015) and (ii) the responses to affective and 

motivational questionnaires may correlate with education (Santangelo, Raimo, 

Siciliano, et al., 2017).   

The current level of functioning, as assessed with the MMSE, was 

comparable between PD groups [ICB+: M = 28.32, SD = 1.61; ICB-: M = 27.94, SD 

= 1.68; p = 0.51, d = 0.28, 95% CI [-0.33, 1.25]], and between ICB+ and HC [HC: M 
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= 29.40, SD = 0.81; p = 0.51, d = -0.40, 95% CI [-1.39, 0.37]], but significantly 

lower in ICB- vs. HC [p = 0.02, d = -0.72, 95% CI [-1.79, -0.15]]. 

Daytime sleepiness, measured with the Epworth Sleepiness Scale (ESS) 

(Johns, 1991) was higher in the ICB+ compared to both ICB- and HC [ICB+: M = 

8.00; SD = 5.17; ICB-: M = 5.23; SD =3.22; HC: M = 4.37; SD = 2.88; ICB+ vs. 

ICB-: p = 0.01, d = 0.67, 95% CI [0.48, 5.14]; ICB+ vs. HC: p = 0.001, d = 0.96, 

95% CI [1.38, 6.51]], with no differences between ICB- and HC [p = 0.78, d = 0.37, 

95% CI [-1.25, 3.53]]. ESS data have been collected during the research visits (see 

section “Procedure”, page 210). Table 3.14 shows baseline and clinical 

characteristics of the study sample. 
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Table 3. 14 Baseline data and clinical characteristics of the study sample. 

Variables ICB+ (n=28) ICB- (n=35) HC (n=30) F, t, χ² values p Post hoc 

Age (y) 61.36 ± 9.18 64.57 ± 10.88 61.87 ± 9.41 F(2,90) <1 0.38   

Male, n (%) 24 (85.7%) 23 (65.7%) 18 (60%) X2 (2, N=93) = 5.01 0.08   

Education (y) 10.96 ± 3.51, 11 11.51 ± 4.69, 12 14.80 ± 3.70, 14 F(2,90) = 7.85 0.001 ICB+ = ICB-; ICB+ < HC; ICB- < HC 

ESS 8.00 ± 5.17, 7 5.23 ± 3.22, 5 4.37 ± 2.88, 3.5 F(2,88)=7.33|| 0.001 ICB+ > ICB-; ICB+ > HC; ICB- = HC 

MMSE 28.31 ± 1.58, 29 27.94 ± 1.68, 28 29.40 ± 0.81, 30 F(2,89)=3.99|| 0.02 ICB+ = ICB-; ICB+ = HC; ICB- < HC 

PD features            

Age at diagnosis 50.64 ± 10.94 57.40 ± 11.34 NA t(61) <1 0.02   

PD Duration 10.88 ± 6.68, 10.5 7.48 ± 5.61, 6 NA t(61) = 2.20 0.03   

UPDRS-III 30.63 ± 16.6, 29.5 24.21±11.10, 22 NA t(37.54) = 1.64 0.11   

UPDRS-IV 2.42 ± 3.49, 1 1.36 ± 2.06, 0 NA t(34.54) = 1.32 0.19   

H&Y 1.96 ± 0.59, 2 1.87 ± 0.51, 2 NA t(61) <1 0.50   

Total LEDD 
(mg) 

995.36 ± 587.30, 902.5 649.06 ± 366.51, 600 NA t(43.12) = 2.72 0.006   

LD-LEDD (mg) 715.89 ± 535.26, 500 445.06 ± 394.03, 400 NA U= 353.5 0.06   

DAED (mg) 246.25 ± 229.69, 195 166.71 ± 145.67, 150 NA t(61) = 1.67 0.10   

DA use, n (%) 24 (85.71%) 28 (80%) NA  0.74§|   
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Table 3. 14 (continued) Baseline data and clinical characteristics of the study sample. 

Variables ICB+ (n=28) ICB- (n=35) HC (n=30) F, t, χ² values p Post hoc 

QUIP-rs score 20.29 ± 14.60, 16 1.31 ± 2.86, 0 NA t(28.66) = 6.77 <0.00001 
  

ICB type            

Single ICB 1 / 5 / 2 / 2 / 2 / 2 a 0 0      

Multiple ICB 14b 0 0       

Legend. ICB+: PwP with ICB; ICB-: PwP without ICBs history; HC: healthy controls; Education: years of formal education; ESS: Epworth 

sleepiness scale; MMSE: Mini-mental state examination; UPDRS-III: Unified Parkinson’s disease rating scale part III (motor score); UPDRS-

IV: Unified Parkinson’s disease rating scale part IV (complications); H&Y: Hoehn-Yahr disease severity rating scale; LEDD: Levodopa 

Equivalent Daily Dosage; LD: levodopa; DAED: dopamine agonist equivalent daily dose; DA: dopamine agonist; QUIP-rs: Questionnaire for 

Impulsive-Compulsive Disorders in Parkinson’s disease – Rating Scale total score; NA: not available; aSingle ICB: gambling disorder: n = 1, 

hypersexuality: n = 5, binge eating: n = 2, compulsive shopping: n = 2, hobbyism: n = 2, punding: n = 2; bMultiple ICBs: gambling disorder + 

hypersexuality: n = 3, gambling disorder + binge eating: n = 1, gambling disorder + compulsive shopping: n = 1, gambling disorder + punding: 

n=1, hypersexuality + binge eating: n = 1, hypersexuality + compulsive shopping: n = 1, gambling disorder + hypersexuality + binge eating: n = 

1, gambling disorder + hypersexuality + punding: n = 2, gambling disorder + hypersexuality + DDS: n = 1, gambling disorder + hypersexuality 
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+ binge eating + compulsive shopping: n = 1, hypersexuality + binge eating + compulsive shopping +hobbyism + punding: n =1. ||ANCOVA 

model with education as covariate. §| Fisher-Freeman-Halton test.
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Design 

This is a multicentre, cross-sectional, empirical study of 28 PwP with ICBs 

diagnosed after PD onset, 35 PwP without ICBs history, and 30 HC matched to the 

PD groups for age and sex.  

 

Procedure 

Testing session procedure. There are two sites involved. In both sites, 

participants attended a screening visit and two research visits (i.e., research visits 1: 

BART assessment; research visit 2: neuropsychological assessment). When possible, 

the first research visit was completed the same day as the screening visit, at the end 

of the screening visit. During the second research visit participants completed 

measures of (i) incentive-driven decision-making, (ii) cognitive processes associated 

with the four stages decision-making framework (Sinha et al., 2013), and (iii) 

affective and motivation. During all research visits, PwP were in an optimally 

medicated state (i.e., at least 120 minutes after having taken their first DRT of the 

day). Flow diagram of the study procedure is provided in Figure 3.14. Assessments 

used during the research visits 1 and 2 are listed in Table 3.15. 
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  ICB+ 
(n=28) 

  ICB- 
(n=35) 

  HC 
(n=30) 

 
 

Neurology 
Research Unit 

RESEARCH VISIT 1 (15 mins) 

Balloon Analogue Risk Task 

   

Neurology 
Research Unit 

RESEARCH VISIT 2 (90 mins) 

Questionnaires and neuropsychological tests battery 

  

Figure 3. 14 The Flow diagram of the study procedure. HC: healthy controls; 

UPDRS: Unified Parkinson’s disease Rating Scale; H&Y: Hoehn and Yahr Scale; 

ICBs: impulsive-compulsive behaviours; ICB+: PwP with impulsive-compulsive 

behaviour; ICB-: PwP without impulsive-compulsive behaviour; PwP: persons with 

Parkinson’s disease; QUIP-rs: Questionnaire for impulsive-compulsive disorders in 

Parkinson’s disease – rating scale.

 
Neurology 
Research 

Unit 

PwP 
SCREENING VISIT  

(60-90 mins)  

  HC 
SCREENING VISIT  

(60 mins)  

• -Functional assessment of mental 
capacity 

• -Informed consent 
• -UPDRS 
• -modified H&Y 
• -Inclusion/exclusion criteria 
• -Medical history and medications 
• -Clinical interview presence/absence 

ICBs and QUIP-rs 

  • -Functional assessment of 
mental capacity 

• -Informed consent 
• -Inclusion/exclusion criteria 
• -Clinical interview 

presence/absence ICBs  
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Table 3. 15 Assessments administered in each research session. 

Research Session 1 
(15 mins testing) 

Research Session 2 
(90 mins testing PLUS breaks) 

BART ROCF copy 

  Phonological fluency 

  DSS 

  ROCF delay 

  Prose Memory Immediate 

  TMT-A 

  TMT-B 

  Prose Memory delayed 

  Go/No-Go task 

  Stroop task 

 IGT 

  Brixton Spatial Anticipation Test 

  Kirby Monetary Choice Questionnaire 

  I-DAS 

  HADS 

  BIS-11 

 ESS 

Legend. BART: Balloon Analogue Risk Task; ROCF: Rey-Osterrieth complex 

figure test; DSS: Digit span sequencing task; TMT-A: Trail Making Test – part A; 

TMT-B: Trail Making Test – part B; IGT: Iowa Gambling Task; I-DAS: Italian 

Dimensional Apathy Scale; HADS: Hospital Anxiety Depression Scale; BIS-11: 

Barratt Impulsiveness questionnaire; ESS: Epworth sleepiness scale. 
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Stimuli 

Clinical Measures 

Modified Hoehn and Yahr Staging Scale. See page 102. 

 

Unified Parkinson’s Disease Rating Scale. See page 102. 

 

Epworth Sleepiness Scale. See page 103. 

 

Mini-Mental State Examination. See page 104. 

 

Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease – 

Rating Scale. See page 73.  

 

Incentive-driven decision-making tasks 

The Balloon Analogue Risk Task. A version of the BART was programmed 

in e-prime v2.0 (Pleskac & Wershbale, 2014). The e-prime BART version is 

comparable to the BART version used in Study 1, but it was programmed to be also 

used during electroencephalography (EEG) acquisition (see Study 4, Chapter 4). 

Participants sat in front of a 17’’computer screen and were instructed to press 

the V key on a QWERTY keyboard to inflate the balloon. Each click slightly pumps 

the balloon and 5 pence are earned. If the balloon is inflated too much, it bursts, and 

then the visual feedback “I am sorry, the balloon burst” appears in the middle of the 

screen for 1 second. If the balloon bursts, all the money collected for that trial is lost. 

To gain as much money as possible, participants had to stop inflating the balloon 

before it bursts and press the N key on a QWERTY keyboard. When they press N, 
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the visual feedback “congratulation, you have won XX$ money for this balloon” 

appears in the middle of the screen for 1 second, together with an auditory feedback 

that simulates slot machine reward, and money is transferred to a virtual bank. After 

each trial (either a balloon burst or when money is banked), a fixation cross appears 

in the middle of the screen for 1 second and then the next trial begins. Each 

participant completed 30 trials, as adding additional trials has been shown to result in 

little change in pumping rates (Wallsten, Pleskac, & Lejuez, 2005). At the beginning 

of the task, a practice trial was provided in order to familiarize with the task. The 

practice trial was pre-programmed to burst at a “break-point” in the range of 1-64 

pumps; for the practice trial, a reduced break-point range was chosen in order to 

reduce between-subjects variability as the experience in the first balloons may 

impact the subsequent risk-taking behaviour (Koscielniak, Rydzewska, & Sedek, 

2016). In the task, balloons were pre-programmed to burst at a break-point in the 

range of 1-128 pumps. The probability that a balloon would burst was 1/128 for the 

first pump. If it did not explode, the probability for bursting was 1/127 for the second 

and so on. The average break-point was 64 pumps. The e-prime BART version is 

illustrated in Figure 3.15. 

Two dependent variables were recorded. The first was the average number of 

pumps in trials in which balloons were cashed. Higher risk-taking behaviour is 

associated with a higher number of pumps. The second was the average number of 

pumps for trials immediately preceding and immediately following a balloon burst 

(Claassen et al., 2011; Martini, Ellis, et al., 2018; Simioni et al., 2012). Lower 

number of pumps in trials that immediately followed a balloon burst compared to 

those that immediately preceded it indicates sensitivity toward negative feedback. 
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The BART was administered during the first research visit and participants 

were informed that no money was provided at the end of the task. 

  

 

Figure 3. 15 The Balloon Analogue Risk Task (BART). 
 
 

The Iowa Gambling Task. The Iowa Gambling task (IGT) (Appendix AI) is a 

task that simulates real-life decision-making in ambiguous situations where outcome 

probabilities are unknown, conversely to decision-making under risk tasks where 

outcome probabilities are known or calculable. The PsyToolkit web-based version 

has been used (Stoet, 2017), as it is free and easily accessible in both hospitals. 

Participants sat at a 17’’ computer screen where there are four decks of cards, two of 

them are disadvantageous in the long run as they offer high virtual rewards but also 

high virtual losses, whilst the other two are advantageous as they offer smaller virtual 

rewards but also smaller virtual losses leading to overall gains. Participants were warned 

that some decks are more advantageous than others, in agreement with other studies 

(Balconi, Siri, Meucci, Pezzoli, & Angioletti, 2018); when participants receive 

instructions with a hint (i.e., explicit knowledge that there are advantageous decks), the 

reinforcer type (i.e., real vs. virtual reward) does not affect performance (Fernie & 

Tunney, 2006).   
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Participants have to choose 100 cards in total, one at the time. Each time they 

choose a card, they get feedback about winning money. Sometimes, they also lose 

money. After trials and errors, participants should learn which decks are advantageous 

(Bechara, Damasio, Damasio, & Anderson, 1994). Decks A and B always yield $100, 

but there is a 50% chance of also losing $250. Decks C and D always yield $50, but 

there is a 50% chance of also losing $50. A total score (i.e., net score) was calculated by 

means of the difference between the overall number of cards selected in advantageous 

decks (C and D) minus those chosen in disadvantageous ones (A and B). Furthermore, a 

learning score was calculated according to previous reports (Fukui, Murai, 

Fukuyama, Hayashi, & Hanakawa, 2005; Kobayakawa, Tsuruya, & Kawamura, 

2010; Mapelli, Di Rosa, Cavalletti, Schiff, & Tamburin, 2014; Pagonabarraga et al., 

2007). The 100 choices were divided into five blocks of 20 consecutive card 

selections. For each block, the difference between advantageous and 

disadvantageous choices was calculated, obtaining 5 scores for each participant. An 

increased value from the first to the last block is indicative of learning of correct 

response strategy.   

 

Cognitive Test Battery. A comprehensive cognitive test battery was 

administered to all participants. The order was the same for all participants. The 

cognitive test battery included: the TMT-A and TMT-B (Arcara, Bisiacchi, Mapelli, 

Mondini, & Vestri, 2011; Reitan, 1958) as measures of selective attention and set-

shifting, respectively; prose memory (immediate and delayed) (Arcara et al., 2011) 

and the Rey-Osterrieth complex figure test (ROCF) delayed recall (Caffarra, 

Vezzadini, Dieci, Zonato, & Venneri, 2002; Osterreith, 1994; Rey, 1941) as 

measures of memory; the digit span sequencing task (DSS) subtest of the Wechsler 

Adult Intelligence Scale fourth edition (WAIS-IV) (Wechsler, 2008) as measure of 
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working memory; the phonological fluency test (Novelli et al., 1986) as measure of 

verbal generation; Go/No-Go task (Stoet, 2017) and the Stroop Color and Word Test 

(Scarpina & Tagini, 2017; Stroop, 1935) as measures of motor and verbal inhibitory 

control, respectively; Kirby Monetary Choice Questionnaire (Kirby et al., 1999) as 

measure of temporal discounting; the Brixton Spatial Anticipation test (Burgess & 

Shallice, 1997) as measure of rule detection via feedback processing. The main 

outcome of each task was considered as a dependent variable. 

According to the four stages decision-making framework (Sinha et al., 2013), 

tasks were categorized as part of option generation (TMT A and B, Phonological 

fluency, DSS), option selection (Kirby Monetary Choice Questionnaire), action 

initiation and inhibition (Go/No-Go task, Stroop Color and Word Test), and learning 

(Prose memory, ROCF delay, and the Brixton Spatial Anticipation test). 

 

Trail Making Test. See page 108. 

 

Phonological fluency. The phonological fluency test assesses verbal ability 

and executive control (Novelli et al., 1986) (Appendix AL). Participants are given 1 

minute to produce as many words as possible starting with a given letter (i.e., F, L, 

P). All words are accepted, except proper names. The total score is the number of 

correct words correctly produced for the three letters. In this study, phonological 

fluency has been used as a measure of option generation, according to Kalis et al. 

(2008). 

 

Digit span sequencing task. The DSS is a subtest of the WAIS-IV (Wechsler, 

2008), which assesses working memory (Appendix AM). The WAIS-IV has been 
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validated in the Italian population. The examiner reads lists of digits of increasing 

length to the participants who have to repeat the digits in ascending order, 

immediately after the presentation (e.g., “2-3-1” to be repeated as “1-2-3”). The 

digits are read at the pace of one per second. When a string is repeated correctly, the 

examiner read the next longer sequence. The task ends when participants fail a pair 

of series of digits of the same length, or when participants correctly repeat a string of 

9 digits. The total score is the number of lists of digits correctly repeated (maximum 

score = 16). 

 

Kirby Monetary Choice questionnaire. See page 110. 

 

Go/No-Go. The Go/No-Go task assesses the ability to suppress unwanted 

motor responses. The computerized Neuropsydia version has been used (Makowski 

& Dutriaux, 2017), as it is free and easily accessible in both hospitals. In this task, 

participants are placed in front of a computer and they are instructed to respond to a 

specific stimulus (“Go-stimuli”) and refrain from responding to another stimulus 

(“No-Go-stimuli”). Two types of stimuli (i.e., “green circle” and “red circle”) appear 

in the centre of the computer’s screen. Participants are instructed to press the 

spacebar key only when the green circle appears. There are a total number of 100 

trials, with an inter-stimulus interval of 1 second. The main outcome is the number 

of false alarms. The Go/No-Go task has been used as a measure of action initiation 

and inhibition. 

 

Stroop Color and Word Test. The Stroop Color and Word Test is a 

neuropsychological task extensively used to assess the ability to inhibit cognitive 
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interference, which occurs when the processing of a stimulus feature affects the 

simultaneous processing of another attribute of the same stimulus (Scarpina & 

Tagini, 2017; Stroop, 1935) (Appendix AN). The task is divided in three parts; in the 

first part participants are instructed to read the names of 30 colours-words printed in 

black ink (W), whilst in the second part participants are instructed to name as fast as 

possible the colour of 30 coloured circles (C). Those two conditions are “congruent 

conditions”. In the last part, named “incongruent condition”, participants are 

provided with a list of 30 colour-words printed with a different colour (e.g., the word 

“blue” printed in green ink) and they have to name as fast as possible the colour of 

the ink (CW). Therefore, the subjects have to perform a less automated task (i.e., 

naming ink colour) while inhibiting the interference arising from a more automated 

task (i.e., reading the word). The difficulty in inhibiting the more automated process 

is named Stroop effect. The time interference effect score is the time required to 

perform the CW condition minus the time required to perform C and W conditions 

[CWt-((Ct+Wt)/2)]. The error interference effect score is the number of errors in 

performing the CW condition minus the number of errors in performing C and W 

conditions [CWe-((Ce+We)/2)]. In this study, the main outcome is the error 

interference score. The Stroop task has been used as a measure of action initiation 

and inhibition. 

 

Brixton Spatial Anticipation Test. See page 112. 

 

Prose Memory. The Prose Memory subtests of the Esame Neuropsicologico 

Breve (ENB-2) (Arcara et al., 2011) are standardized tests of immediate and delayed 

free recall memory (Appendix AO). In the first part, which assesses immediate 
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recall, participants are provided with a short story formed by 28 items. Participants 

are instructed to listen to the story carefully and try to remember it as best as they 

can. Once the story has been read, participants have to recall it using the same words 

as possible (immediate recall). Prose memory immediate recall score is the number 

of items correctly recalled (maximum score is 28). After the first recall, the story is 

read for a second time. Participants are instructed to try to remember the story as 

best as they can, as it will be asked again in the future. After a period of 10 minutes, 

filled with non-verbal tasks to avoid interference effects, participants are asked to 

recall the story using the same word as possible. Prose memory delayed recall score 

is the number of items correctly recalled (maximum score is 28). Prose memory has 

been used instead of Logical Memory subtest of the Wechsler Memory Scale IV 

edition (Wechsler, 2009b), as both are validated in the Italian population, but the 

former is routinely used as part of the neuropsychological assessment in the hospitals 

where the study is based. 

 

Rey-Osterrieth complex figure test. The ROCF is a standardized measure of 

non-verbal memory (i.e., ROCF delayed recall), as well as visuospatial and 

visuoconstructional abilities (i.e., ROCF copy) (Osterreith, 1994; Rey, 1941) 

(Appendix AP). Participants are provided with a complex bidimensional figure to 

copy as accurately as possible. When the copy is completed, the figure is removed 

from the sight. Without forewarning, after a period of 10 minutes filled with verbal 

tasks to avoid interference effects, participants are asked to reproduce the figure 

from the memory. The 10 minutes interval was chosen in agreement with ROCF 

validation study in the Italian population (Caffarra et al., 2002), as well in agreement 

with the time interval used for Prose memory immediate and delayed recall (see 
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section “Prose memory”, page 219). The ROCF includes 18 elements. For each 

element, two points are given if the element is correctly reproduced, 1 point if the 

reproduction is incomplete but placed properly, or complete but misplaced, 0.5 point 

if the reproduction is incomplete and misplaced. A zero score is given if the element 

is absent or not recognisable. The maximum score for both the copy and the free 

recall conditions is 36.    

 

Affective and Motivational measures 

Barratt Impulsiveness Questionnaire. See page 113. 

 

Italian Dimensional Apathy Scale. The Italian Dimensional Apathy Scale (I-

DAS) (Santangelo, Raimo, Siciliano, et al., 2017) is the Italian version of the self-

report questionnaire Dimensional apathy scale (Radakovic & Abrahams, 2014), 

which was developed to assess subtypes of apathy minimizing the effect of motor 

dysfunction (Appendix AQ). It consists of 24 items rated on a 4-points Likert scale, 

with a total score ranging from 0 to 72, and an optimal cutoff of 28.5 (Santangelo, 

D’Iorio, et al., 2017). There are three subscales: executive subscale assessing 

apathetic impairments associated with planning, attention or organisation; emotional 

subscale assessing apathy associated with altered emotion integration; and 

behavioural/cognitive initiation subscale assessing apathy associated with loss of 

self-generation of behaviours or cognition. I-DAS raw scores are affected by formal 

education level but not by age or gender (Santangelo, D’Iorio, et al., 2017); however, 

education has been included as covariate in the analysis. 

 

Hospital Anxiety and Depression Scale. See page 114. 
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Statistical analysis 

Data were analysed with SPSS version 21.0 (IBM Corp., 2012). Cohen’s d 

effect sizes and 95% confidence intervals were analysed using JASP software 

version 0.10.2 (JASP Team, 2019), as Cohen’s d effect sizes are not provided by 

SPSS.  

For continuous variables, normality of distribution was explored with the 

Shapiro–Wilks test. For variables not normally distributed, both parametric and 

nonparametric analyses were used to compare groups. When the results were 

comparable for both types of analysis, results of parametric tests were considered, as 

they assure greater statistical power. As education level was not comparable between 

groups, cognitive, affective and motivational variables were compared between 

groups using ANCOVA models adjusting for years of education. Since this is a 

replication study, for comparative purposes data have also been analyses removing 

education as covariate, in line with Study 1. Bonferroni was used as a post-hoc test 

when ANCOVA yielded significant differences between the three groups. Fisher’s 

exact test or Fisher–Freeman–Halton test was applied to categorical variables. The 

significance threshold for all the tests was set at p < 0.05 (two-tailed), except when 

Bonferroni correction for multiple comparisons was applied. 

 For the BART, the average number of pumps on trials where balloons were 

cashed was compared between groups with a one-way ANCOVA with education as 

covariate. Response to negative feedback was analysed with a 3 × 2 mixed-model 

ANCOVA with the between- subjects factor group (ICB+, ICB−, and HC), the 

within-subject factor feedback (pre-, post-burst), and education as covariate. For the 

IGT, the net score was compared between groups with a one-way ANCOVA, with 
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education as covariate. Learning across the IGT task was analysed with a 3 x 5 

mixed-model ANCOVA, with the between- subjects factor group (ICB+, ICB−, and 

HC), the within-subject factor block (block 1, block 2, block 3, block 4, and block 

5), and education as covariate. A composite score of memory was calculated (using 

z-scores) from the immediate and delayed logical memory and the ROCF delay. 

Performance on each of the nine cognitive measures was analysed separately 

with a series of one-way ANCOVAs with education as covariate, and Bonferroni 

corrected p < 0.006. Affective and motivational measures were analysed separately 

with a series of one-way ANCOVAs with education as covariate, and Bonferroni 

corrected p <0.012. 

An exploratory Spearman correlation analysis examined the relationship 

between severity of ICBs (QUIP-rs) and cognitive, affective and motivational 

measures. 

 

Results 

Incentive-driven decision-making tasks 

On the BART, the three groups did not differ in the average number of 

pumps where the balloon was cashed [ICB+: 38.67 ± 18.00; ICB−: 32.48 ± 17.25; 

HC: 36.77 ± 17.23; F(2, 89) = 1.61, p = 0.21, ηp2 = 0.03; Table 3.16 and Figure 

3.16A]. Without adjusting for education, the results of the comparison did not 

change [F(2, 90) = 1.05, p = 0.35, ηp2 = 0.23]. When the average number of balloon 

pumps pre- and post-burst was compared, there was no main effect of group [F(2, 

87) <1, p = 0.68, ηp2 = 0.01], feedback [F(1, 87) = 1.42, p = 0.24, ηp2 = 0.02], nor 

group x feedback interaction [F(2, 87) <1, p = 0.38, ηp2 = 0.02] (see Figure 3.16B). 

Leaving out education from the model, only the main effect of feedback became 
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significant [F(1, 88) = 24.89, p = 0.000003, ηp2 = 0.22], indicating that the average 

number of pumps was significantly lower before than after burst (PRE: 36.70 ± 

17.15; POST: 32.86 ± 17.04). The main effect of group [F(2, 88) <1, p = 0.62, ηp2 = 

0.01] and group x feedback interaction [F(2, 88) <1, p = 0.39, ηp2 = 0.02] remained 

not significant. 
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Table 3. 16 Performances in the BART by groups and interactions in the ANCOVA model. 

  ICB+ (n=28) ICB- (n=35) HC (n=30) F values p ES 

Average 
adjusted 
pumps 

38.67 ± 18.00 32.48 ± 17.25 36.77 ± 17.23 F(2, 89) = 1.61 0.21 0.03 

Negative 
feedback 
sensitivity 

PRE: 
37.76±15.28 
POST: 
32.57 ± 15.00 

PRE: 
34.76 ± 18.52 
POST: 
30.75 ± 18.35 

PRE: 
38.06 ± 17.38 
POST: 
35.57 ± 17.31 

Main effect of feedback F(1, 87) = 1.42 
Main effect of feedback x group F(2, 87) <1 
Main effect of group F(2, 87) <1 

0.24 
0.38 
0.68 

0.02 
0.02 
0.01 

Legend. Data are presented as mean ± standard deviation. Significant p values (p < 0.05) are given in bold. ICB+: persons with Parkinson’s 

disease (PwP) with impulsive-compulsive behaviours (ICBs); ICB−: PwP without ICBs history; HC: healthy controls; Average adjusted pumps: 

average number of pumps in cashed balloons; PRE: number of pumps for trials that immediately precede a balloon burst; POST: number of 

pumps for trials that immediately follow a balloon burst; ES: partial eta-squared effect size.
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A. Overall risky incentive-driven decision-making          

 

 

B. Response to negative feedback 

 

     

Figure 3. 16 Performances in the Balloon Analogue Risk Task (BART). A) Average 

number of pumps for cashed trials. The three groups [persons with Parkinson’s 
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disease and impulsive-compulsive behaviours (ICB+), persons with Parkinson’s 

disease but not impulsive-compulsive behaviours (ICB-), and healthy controls (HC)] 

did not differ in the average number of pumps, which reflects risk-taking behaviour. 

Higher scores represent riskier behaviours. Error bars represent the standard error of 

the mean. B) Groups did not differ in the way they adjusted their behaviour after 

negative feedback. Negative feedback is expressed as the loss of money for trials in 

which a balloon burst. All groups decreased the number of pumps after a negative 

feedback showing less risk-taking behaviour. Error bars represent the standard error 

of the mean. 

 

Performance on the IGT did not differ between groups [IGT Net score: 

ICB+: 18.82 ± 46.58; ICB−: 11.83 ± 34.57; HC: 24.75 ± 33.25; F(2, 87) <1, p = 

0.47, ηp2 = 0.02] (Figure 3.17A). Leaving out education from the model, results did 

not change [F(2, 88) <1, p = 0.41, ηp2 = 0.02]. 

A 3 (group) x 5 (block) ANCOVA on the net scores found no main effect of 

group [F(2, 87) <1, p = 0.77, ηp2 = 0.01] and block [F(3.44, 299.2) = 1.11, p = 0.35, 

ηp2 = 0.01], but a trend toward significant block x group interaction [F(6.88, 299.2) = 

1.89, p = 0.07, ηp2 = 0.04]5 (Figure 3.17B). Leaving out education from the model, 

the main effect of block [F(3.44, 302.74) = 14.68, p < 0.0001, ηp2 = 0.14] and block 

x group interaction [F(6.88,  302.74) = 2.40, p = 0.02, ηp2 = 0.05] become 

significant, with no changes for the main effect of group [F(2,88) <1, p = 0.56, ηp2 = 

0.01]. 

 
5 Greenhouse -geisser corrections applied, as the Mauchy’s test of sphericity indicated that the 
assumption of sphericity has been violated [X2(9) = 24.84, p = 0.003]. 
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A. Overall performances on the IGT                       

 

 

 B. IGT Block x group interaction 

 

Figure 3. 17 Performances in the Iowa Gambling Task (IGT). A) Average net score. 

The three groups [persons with Parkinson’s disease and impulsive-compulsive 

behaviours (ICB+), persons with Parkinson’s disease but not impulsive-compulsive 

behaviours (ICB-), and healthy controls (HC)] did not differ in the average net score. 
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Higher scores represent better incentive-driven decision-making abilities. Error bars 

represent the standard error of the mean. B) Groups did not differ in the way they 

behave across blocks. Performances improved across blocks in all groups. Error bars 

represent the standard error of the mean. 

 

The two PD groups were not clinically matched, therefore ANCOVA models 

with disease duration, age at PD onset, and total LEDD as covariates were performed 

to compare PD groups performances on the BART and IGT tests. Including clinical 

variables as covariates did not change the results [BART main score: F(1, 58) = 

1.69, p = 0.20, ηp2 = 0.03; IGT net score: F(1, 58) = 2.50, p = 0.12, ηp2 = 0.04]. 

When the average number of balloon pumps pre- and post-burst was compared 

including disease duration, age at PD onset, and Total LEDD as covariates, there 

was no main effect of group [F(1, 56) <1, p = 0.68, ηp2 = 0.003] and group x 

feedback interaction [F(1, 56) <1, p = 0.45, ηp2 = 0.01], but a trend toward 

significant effect of feedback [F(1, 56) = 3.97, p = 0.051, ηp2 = 0.07]. When the IGT 

net scores was compared across blocks including disease duration, age at PD onset, 

and total LEDD as covariates, there was no main effect of group [F(1, 58) <1, p = 

0.38, ηp2 = 0.01], block [F(4, 232) <1, p = 0.72, ηp2 = 0.009], nor group x block 

interaction [F(4, 232) <1, p = 0.42, ηp2 = 0.02]. 

 

Cognitive Test Battery 

The three groups differed for the Go/No-Go false alarms [ICB+: 1.86 ± 2.40; 

ICB−: 0.45 ± 0.78; HC: 0.60 ± 0.67; F(2, 89) = 7.41, p = 0.001, ηp2 = 0.14; Table 

3.17]. In particular, the ICB+ group shows a significantly higher number of false 

alarms than the ICB- [p = 0.001, d = 0.81, 95% CI [0.05, 2.25]] and the HC [p = 
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0.02, d = 0.64, 95% CI [0.13, 2.08]], with no differences between ICB- and HC [p = 

1.00, d = -0.37, 95% CI [-1.18, 0.63]]. The other cognitive measures considered part 

of the four stages of the incentive-driven decision-making framework did not differ 

between the three groups when a stringent Bonferroni correction of p < 0.006 was 

used. Results of the cognitive test battery are presented in Table 3.17. 

When PD groups were compared including disease duration, age at PD onset, 

and total LEDD as covariates, between groups differences in the Go/No-Go did not 

reach the stringent Bonferroni corrected p-value threshold [F(1, 58) = 5.74, p = 0.02, 

ηp2 = 0.09]. The other cognitive measures did not differ between the three groups.  
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Table 3. 17 Results of the cognitive test battery. 

Variables ICB+ (n=28) ICB- (n=35) HC (n=30) F values p ES 

(i) Option Generation Stage  

TMT-A errors 0.18 ± 0.47, 0 0.9 ± 0.28, 0 0.7 ± 0.25, 0 F(2,89) <1 0.45 0.02 

TMT-B errors 0.96 ± 1.48, 0 1.12 ± 1.45, 1 0.43 ± 0.73, 0 F(2,85) <1 0.57 0.01 

Phonol fluency 35.04 ± 16.64 33.97 ± 15.06 47.37 ± 9.03 F(2,88)= 3.61 0.03 0.08 

DSS 7.89 ± 2, 8 7.35 ± 2, 7 8.93 ± 2, 9 F(2,87)= 2.12 0.13 0.05 

(ii) Option Selection Stage  

Kirby total6 0.34 ± 0.14, 0.37 0.37 ± 0.22, 0.37 0.42 ± 0.22, 0.41 F(2,88) <1 0.68 0.01 

(iii) Action Initiation and Inhibition Stage  

Go/No-Go FA 1.86 ± 2.40, 1 0.45 ± 0.78, 0 0.60 ± 0.67, 0.5 F(2, 89) = 7.41 0.001† 0.14 

Stroop INT errors 1.77 ± 2.99, 0 1.77 ± 3.83, 0 0.50 ± 1.73, 0 F(2,88) <1 0.57 0.01 

(iv) Learning Stage  

Memory composite score -0.08 ± 0.93, -0.03 -0.33 ± 0.68, -0.32 0.44 ± 0.60, 0.58 F(2,88)= 4.17 0.02 
  

0.09 

Brixton scaled score 4.85 ± 2.54, 6 
  

4.6 ± 2.43, 5 4.90 ± 2.06, 6 F(2,86) <1 
  

0.62 0.01 

 
6 Exploratory 3 (group: ICB+ vs. ICB- vs. HC) x 3 (reward: small vs. medium vs. large) ANCOVA with education as covariate showed that the main effect of magnitude is 
significant [F(2,176) = 3.14, p = 0.046], but the main effect of group [F(2,88) = 0.32, p = 0.73], and group x magnitude interaction [F(4,176) = 0.25, p = 0.91] are not 
significant. All groups showed higher temporal discounting for small > medium > large rewards. 
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Legend. ICB+: persons with Parkinson’s disease (PwP) and impulsive-compulsive behaviours (ICBs); ICB-: PwP without ICBs history; HC: 

healthy controls; TMT-A errors: Trail Making Test Part A number of errors; TMT-B errors: Trail Making Test Part B number of errors; DSS: 

Digit span sequencing test; Kirby total: Kirby Monetary choice questionnaire total score; Go/No-Go FA: Go/No-Go false alarms; Phonol 

fluency: Phonological fluency; Stroop INT errors: Stroop interference number of errors; ES: partial eta-squared effect size. Data are presented as 

mean ± standard deviation, median. Median is reported for variables that were not normally distributed. Significant p values (p < 0.006) are 

given in bold. 

†Post-hoc comparison: ICB+ > ICB-; ICB+ >HC; ICB- = HC. 
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Affective and Motivational measures 

HADS depression subscale score significantly differs between groups [F(2, 

88) = 5.52, p = 0.006, ηp2 = 0.11; Table 3.18]. Bonferroni’s corrected post-hoc t tests 

revealed higher scores in the ICB+ group (5.78 ± 3.67) compared to HC [2.73 ± 

2.29, p = 0.005, d = 1.02, 95% CI [0.82, 5.35]], but no difference between ICB+ and 

ICB- [4.80 ± 3.80; p = 0.77, d = 0.26, 95% CI [-1.07, 3.04]], and a trend toward 

significance in the comparison ICB- and HC [p = 0.06, d = 0.66, 95% CI [-0.003, 

4.21]]. Conversely, HADS anxiety subscale score was not significant [F(2, 88) = 

1.51, p = 0.23, ηp2 = 0.03]. Using the stringent Bonferroni corrected p < 0.012, I-

DAS total score showed a trend toward significance [F(2, 87) = 4.57, p = 0.013, ηp2 

= 0.09]. Bonferroni’s corrected post-hoc t tests revealed higher scores in the ICB+ 

group (24.54 ± 8.18) compared to HC [17.96 ± 5.87, p = 0.01, d = 0.87, 95% CI 

[1.31, 11.09]], with no differences between ICB+ and ICB- groups [21.77 ± 7.31, p 

= 0.37, d = 0.37, 95% CI [-1.55, 7.28]] and between ICB- and HC [p = 0.26, d = 

0.50, 95% CI [-1.23, 7.89]]. The BIS-11 total score shows a trend toward 

significance [F(2, 88) = 4.14, p = 0.019, ηp2 = 0.08]. Bonferroni’s corrected post-hoc 

t tests revealed higher scores in the ICB+ group (61.07 ± 8.77) compared to ICB- 

[55.60 ± 7.18 p = 0.02, d = 0.68, [0.73, 10.09]], with no differences between ICB+ 

and HC [55.97 ± 7.21 p = 0.10, d = 0.58, [-0.51, 9.84]] and between ICB- and HC [p 

= 1.00, d = -0.10, [-5.59, 4.10]]. 

When PD groups were compared including disease duration, age at PD onset, 

and total LEDD as covariates (and the stringent Bonferroni corrected p < 0.012), 

impulsivity showed a trend toward significance in the ICB+ vs. ICB- [BIS-11: F(1, 

58) = 4.44, p = 0.04, ηp2 = 0.07]. Conversely, depression [HADS-D: F(1, 57) <1, p = 

0.52, ηp2 = 0.007], anxiety [HADS-A: F(1, 57) <1, p = 0.41, ηp2 = 0.01], and apathy 
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[I-DAS: F(1, 57) = 1.35, p = 0.25, ηp2 = 0.02] levels did not differ between PD 

groups. 
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Table 3. 18 Affective and motivational characteristics by groups. 

Variables ICB+ (n=28) ICB- (n=35) HC (n=30) F values p ES Post hoc 

HADS-A 5.15 ± 3.52, 4 3.89 ± 3.02, 4 3.97 ± 2.59, 3.5 F(2, 88) = 1.51 0.23 0.03   

HADS-D 5.78 ± 3.67, 6 4.80 ± 3.80, 4 2.73 ± 2.29, 2 F(2, 88) = 5.52 0.006 0.11 ICB+ = ICB-; ICB+ > HC; ICB- = HC 

I-DAS7 24.70 ± 8.29 21.77 ± 7.31 17.96 ± 5.87 F(2, 87) = 4.57 0.013 0.09  

BIS-118 61.07 ± 8.77, 61 55.60 ± 7.18, 55 55.97 ± 7.21, 54 F(2,88) = 4.14 0.019 0.08  

Legend. ICB+: persons with Parkinson’s disease (PwP) and impulsive-compulsive behaviours (ICBs); ICB-: PwP without ICBs history; HC: 

healthy controls; HADS-A: Hospital Anxiety and Depression scale anxiety subscale; HADS-D: Hospital Anxiety and Depression scale 

depression subscale; I-DAS: Italian Dimensional Apathy scale; BIS-11: Barratt Impulsiveness questionnaire total score; ES: partial eta-squared 

effect size. Data are presented as mean ± standard deviation, median. Median is reported for variables that were not normally 

distributed. Significant p values (p < 0.012) are given in bold. 

 
7 Exploratory ANCOVA models with education as covariate on the I-DAS subscales scores showed significant differences between groups in the I-DAS 
behavioural/cognitive initiation subscale score [F(2, 87) = 5.87, p = 0.004]. Bonferroni’s corrected post-hoc t tests showed higher scores in the ICB+ vs. HC groups (p = 
0.003), but not in the ICB+ vs. ICB- groups (p = 0.18), and in the ICB- and HC (p = 0.21). I-DAS executive [F(2, 87) = 0.64, p = 0.53] and emotional [F(2, 87) = 2.21, p = 
0.11] subscales scores did not differ between groups. 
8 Exploratory ANCOVA models with education as covariate on the BIS-11 subscale scores showed significant between groups differences in the BIS-11 non planning 
subscales score F(2, 89) = 5.08, p = 0.008]. Bonferroni’s corrected post-hoc t tests showed higher scores in the ICB+ vs. ICB- groups (p = 0.01) and in the ICB+ vs. HC 
groups (p = 0.047), but no differences between ICB- and HC (p = 1.00). BIS-11 attentional [F(2, 89) = 1.08, p = 0.34] and BIS-11 motor F(2, 89) = 2.29, p = 0.11] subscales 
scores did not differ between groups. 
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Exploratory correlation analysis 

The QUIP-rs total score positively correlated with the Go/No-Go false alarms 

[rs(63) = 0.38, p = 0.002], the HADS depression subscale score [rs (62) = 0.27, p = 

0.03], the HADS anxiety subscale score [rs (62) = 0.33, p = 0.008], and the BIS-11 

total score [rs (63) = 0.38, p = 0.002]. No other correlations between the QUIP-rs and 

the cognitive, affective and motivational outcomes were significant. 

The Go/No-Go false alarms positively correlated with the QUIP-rs total score 

[rs (63) = 0.38, p = 0.002], the STROOP interference errors [rs (92) = 0.31, p = 

0.002], and showed a trend toward a significant negative correlation with the IGT 

Net score [rs (91) = -0.19, p = 0.06]. No other correlations between the Go/No-Go 

false alarms and the cognitive, affective and motivational outcomes were significant. 

Results for the full correlation matrix are presented in Table 3.19. 
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Table 3. 19 Correlation matrix. 

Var BART IGT  TMT-
A 

TMT-
B 

Phon 
Flu 

DSS Kirby GNG STROOP MEM  Brixton  HADS-
D 

HADS-
A 

I-DAS BIS-
11 

ESS 

QUIP-rs 
  

0.11 0.69 0.52 0.20 0.63 0.26 0.87 0.001 0.93 0.32 0.49 0.03 0.007 0.38 0.002 0.11 

BART 
 

— 0.85 0.68 0.14 0.54 0.15 0.86 0.20 0.40 0.052 0.12 0.70 0.63 0.71 0.008 0.17 

IGT 
 

— — 0.31 0.03 0.99 0.39 0.42 0.06 0.006 0.38 0.67 0.07 0.60 0.15 0.55 0.07 

TMT-A 
 

— — — 0.38 0.82 0.42 0.19 0.63 0.058 0.74 0.02 0.02 0.85 0.13 0.16 0.62 

TMT-B 
 

— — — — 0.001 <0.001 0.54 0.22 <0.001 <0.001 0.001 0.67 0.30 0.005 0.31 0.52 

Phonol  
Flu 

— — — — — <0.001 0.39 0.46 <0.001 <0.001 <0.001 0.04 0.82 <0.001 0.054 0.70 

DSS 
 

— — — — — — 0.46 0.10 <0.001 <0.001 <0.001 0.49 0.98  0.003 0.23 0.23 

Kirby 
 

— — — — — — — 0.29 0.44 0.59 0.29 0.60 0.82 0.83 0.06 0.70 

GNG 
 

— — — — — — — — 0.004 0.63 0.38 0.20 0.67 0.52 0.13 0.32 

STROOP 
 

— — — — — — — — — <0.001 0.008 0.51 0.50 0.06 0.03 0.22 

MEM 
 

— — — — — — — — — — 0.01 0.27 0.96 0.01 0.20 0.20 

Brixton  
 

— — — — — — — — — — — 0.40 0.95 0.005 0.27 0.59 

HADS-D 
 

— — — — — — — — — — — — <0.001 <0.001 0.007 0.03 

HADS-A 
 

— — — — — — — — — — — — — 0.21 0.12 0.05 

I-DAS 
 

— — — — — — — — — — — — — — <0.001 0.07 

BIS-11 
 

— — — — — — — — — — — — — — — 0.06 
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Legend. QUIP-rs: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease – Rating Scale total score; BART: Balloon 

Analogue Risk Task main score; IGT: Iowa Gambling Task net score; TMT-A: Trail Making Test Part A number of errors; TMT-B: Trail 

Making Test Part B number of errors; Phonol Flu: Phonological Fluency; DSS: Digit span sequencing test; Kirby: Kirby Monetary choice 

questionnaire total score; Brixton: Brixton scaled score; MEM: Memory composite score; GNG: Go/No-Go false alarms; Stroop: Stroop 

interference number of errors; HADS-A: Hospital Anxiety and Depression scale anxiety subscale; HADS-D: Hospital Anxiety and Depression 

scale depression subscale; I-DAS: Italian Dimensional Apathy scale; BIS-11: Barratt Impulsiveness questionnaire total score. Significant p 

values (p<0.05) are given in bold.
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Discussion 

The main aim of the present study was to replicate Study 1 findings of 

comparable overall risky behaviour, but reduced sensitivity toward negative 

feedback in the BART in ICB+ compared to ICB- and HC (Martini, Ellis, et al., 

2018). To this aim, a larger sample of PwP with and without ICB, and HC was 

recruited. 

The first key finding of the present study is that comparable overall risky 

behaviour between ICB+, ICB- and HC in the BART was replicated. This suggests 

that the overall score, which is a sensitive measure of risky behaviour in non-PD 

populations (Hopko et al., 2006; Lejuez, Aklin, Jones, et al., 2003; Lejuez, Aklin, 

Zvolensky, et al., 2003), might not be a sensitive measure of ICBs in PD, at least 

when only the overall behavioural score is considered. For example, DA agonists 

increase risk-taking behaviour in the BART of PwP with but not without ICBs, albeit 

the overall score did not differ between groups (average number of pumps in cashed 

trials: ICB+: 5.3; ICB-: 4.8) (Claassen et al., 2011). Another study found diminished 

BOLD activity in the right ventral striatum of PwP with ICBs compared to PwP 

without ICBs despite comparable behavioural performances (average number of 

pumps in cashed trials: ICB+: 5.6; ICB-: 5.8) (Rao et al., 2010). This study adds on 

the general BART literature showing that the overall score is not sensitive to ICBs in 

PD regardless of the BART version used. Previous studies used modified versions 

with reduced number of pumps and therefore reduced sensitivity toward individual 

variability in task performance [i.e., maximum number of pumps was either 16 or 8 

(Ricciardi et al., 2017), 12 (Rao et al., 2010), and 14 or 7 (Claassen et al., 2011), 

whilst in the original task version the maximum number of pumps is 128 (Lejuez et 

al., 2002)]. However, in Study 1 the original BART version was used in a small 
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sample of PwP with and without ICBs and HC (Martini, Ellis, et al., 2018), and 

negative findings have been replicated here, with a larger PwP sample, using the 

same version of the task. Other than being replicated, Study 1 findings have also 

been generalized across PD populations, being the sample of this study recruited in 

another country (i.e., Italy). 

The second key finding of the present study is that it failed to replicate Study 

1 finding of reduced sensitivity toward negative feedback; in Study 1, PwP with 

ICBs compared to both PwP without ICBs and HC have been found to not change 

their risky behaviour after balloon burst and money loss (Martini, Ellis, et al., 2018), 

which suggested an impairment in the learning stage of the incentive-driven 

decision-making framework (Sinha et al., 2013). Albeit being promising, those 

findings have not been replicated here. In the present study, all groups decreased 

their risky behaviour after a negative feedback but this was significant only when 

education was not included as covariate. It could be suggested that including 

education as covariate may have reduced the statistical power therefore diminishing 

the likelihood of finding a true positive effect. This finding is aligned with another 

study in which a modified BART version was used (Claassen et al., 2011). It could 

be argued that differences between studies in the PwP populations may have 

accounted for discrepancy findings; in Study 1, PwP were matched for clinical PD-

related characteristics whilst in this study ICB+ had younger age at PD onset, longer 

disease duration, and higher total LEDD compared to ICB-. These characteristics are 

commonly associated with ICBs in PD in Italian (Antonini et al., 2017) as well as in 

non-Italian PD populations (Callesen et al., 2014; Weintraub et al., 2010), therefore 

suggesting that this sample is representative of ICBs in PD. It is unlikely that those 

variables might have accounted for discrepancy in the BART findings; when age at 
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PD onset, disease duration and total LEDD were included in the model as covariates, 

the results did not change. Conversely, findings suggest that risky behaviour after 

negative feedback is not a reliable indicator of ICBs in PD and question its use as a 

measure of ICBs in PD. Although surprising, the present study underscores the need 

for replication studies, uncommon in PD literature.  

The unreliability of psychological findings is a concerning, well-known 

issue. In a collaborative research project, 100 experimental and correlation studies 

(97% with statistically significant results) published on three important psychology 

journals were replicated and only the 36% of them had statistically significant results 

(Open Science Collaboration, 2015). Replication studies are important as 

“innovation points out paths that are possible; replication points out paths that are 

likely; progress relies on both. (…) Replication can increase certainty when findings 

are reproduced and promote innovation when they are not” (Open Science 

Collaboration, 2015, pp. 949). 

The third key finding is that ICBs are associated with failure to inhibit 

inappropriate responses; in the Go/No-Go task, which assesses motor inhibitory 

control, ICB+ compared to both ICB- and HC committed a higher number of false 

alarms. Motor inhibitory control, which is conceptualized as part of the action 

initiation and inhibition stage of the incentive-driven decision-making (Sinha et al., 

2013), requires subjects to refrain from on-going movements. Abnormal response 

inhibition has been frequently reported in PD (Gauggel, Rieger, & Feghoff, 2004; 

Nombela, Rittman, Robbins, & Rowe, 2014; Obeso et al., 2011). The present study 

may extend this notion, suggesting that this impairment is more severe in ICB+ than 

ICB- PwP.  
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Previous evidence of inhibitory control impairments in PwP with ICBs is 

conflicting; most of the studies show no differences between PwP with vs. without 

ICBs in the Go/No-Go (Filip et al., 2018; Hlavatá et al., 2020; Martini, Ellis, et al., 

2018; Rossi et al., 2010; Yoo, Yun, et al., 2015) or in other inhibition tasks 

(Djamshidian, O’Sullivan, Lees, et al., 2011; Leroi et al., 2013; Marín-Lahoz et al., 

2018). However, there is also evidence of worse performance in ICB+ vs. ICB- 

(Palermo et al., 2017; Vitale et al., 2011). Variability in findings may be due to the 

version of the Go/No-Go task used across studies (e.g., differences in stimulus 

complexity, high vs. low probability Go/No-Go stimuli ratio) (Criaud & Boulinguez, 

2013), with some task versions being insufficiently demanding for detecting 

between-groups differences. 

A meta-analysis of fMRI studies in healthy individuals found that No-Go 

signals activates a right-lateralized network that includes the dorsolateral and inferior 

frontal cortices, the inferior parietal lobule, the supplementary motor cortex, the 

ACC and the insula (Criaud & Boulinguez, 2013). 

It could be speculated a different involvement of brain regions for the 

response inhibition impairments in ICB+. Dorsal striatum, which receives 

predominantly sensorimotor afferents and has greater dopaminergic innervation, 

facilitates habit-formation and association of stimuli to rewards (Balleine & 

O’Doherty, 2010). In contrast, ventral striatum, which has limbic connections and 

relatively sparse dopaminergic input, is implicated in goal-directed behaviour via 

acquisition of stimulus-action-outcome associations. Ventral striatum is therefore 

crucial for option selection stage, but when habits have formed, it becomes bypassed 

by dorsal striatum with a direct connection between option generation and action 

initiation (Sinha et al., 2013). This is supported by a recent study showing decreased 
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Go/No-Go task connectivity of ventral striatum to the left dorsolateral prefrontal 

cortex and to the cingulate gyrus in ICB+ vs. ICB- (Filip et al., 2018). DRT 

mesocorticolimbic overstimulation increases impulsivity that, in turn, may enhance 

incentive-driven behaviour that, over time, may become a habit (Antonini & Cilia, 

2009). Once ICBs become a habit, impairments in inhibitory control may promote 

addictive behaviours. This is supported by the association between Go/No-Go false 

alarms and ICBs severity in the QUIP-rs. However, the impairment in action 

initiation and inhibition stage of the incentive-driven decision-making seems not be 

by itself sufficient to affect overall incentive-driven decision-making performance in 

the BART and IGT tasks. 

The fourth key finding is that PwP with ICBs showed higher depression and 

a trend toward higher apathy compared to healthy controls, and a trend toward 

higher impulsivity compared to ICB-. Higher depression and impulsivity levels in 

ICB+ were not surprising and are in line with Study 2 (Martini, Dal Lago, Edelstyn, 

Grange, et al., 2018; Martini, Ellis, et al., 2018). Depression may precede ICBs onset 

and increase the risk of further developing ICBs (Marín-lahoz et al., 2019). 

However, depression can also be a reaction to ICBs development, as these 

behaviours are associated with reduced quality of life and higher caregiver burden 

(Erga et al., 2020; Leroi, Harbishettar, et al., 2012; Phu et al., 2014).  

Conversely, the co-occurrence of a trend toward higher impulsivity and trend 

toward higher apathy is surprising as they are considered as the opposite sides of a 

dopaminergic continuum with hyper dopaminergic levels facilitating impulsivity and 

hypo dopaminergic levels facilitating apathy (Sinha et al., 2013). However, there are 

reports of higher impulsivity (Martini, Dal Lago, Edelstyn, Grange, et al., 2018; 

Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 2020; Voon, Sohr, et al., 2011) as 
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well as higher apathy levels (Antonini et al., 2017; Baig et al., 2019) in PwP with 

ICBs. It could be speculated about two possible reasons for the co-occurrence of a 

trend toward higher apathy and impulsivity in ICB+. First, apathy and impulsivity 

share the same neurobiological substrate [i.e., disrupted ventromedial prefrontal, 

orbitofrontal and anterior cingulate cortices functioning (Leroi, Andrews, et al., 

2012)] and it is possible that those two states fluctuate during the day. If this is true, 

questionnaires used to investigate motivational correlates within a temporal window 

of one or few weeks may be not sensitive to assess these fluctuations. Secondly, in 

line with the broad addiction literature, PwP with ICBs show a high drive for 

reward-based activities and they may lose interest for all the other non-reward 

related activities.  

It should be noted that findings related to apathy and impulsivity only 

reached a trend toward significance, therefore any interpretation on the role of 

impulsivity and apathy in ICBs in PD should be carefully considered. For example, 

the measure of impulsivity used in this study (i.e., BIS-11) has not been validated in 

PD yet, therefore may not be a sensitive measure of ICBs in PD due to impulsivity 

presenting as a continuum of severity in PD despite the absence of clinical ICBs. 

This finding also opens up the issue of the translation of surrogate markers to clinical 

meaningfulness. For example, the same task may be sensitive for detecting 

pathological gambling in those who perform online sports betting but not in those 

engaging in trading online. At the same time, a gambling task may be sensitive to 

detect ICBs in individuals with pathological gambling but not in those with 

compulsive shopping or binge-eating. At the moment, the only way for the clinicians 

to ascertain ICBs presence in PD is by interviewing PwP and their carers. In the 
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future, the development of validated surrogate markers that may be used in the 

clinical setting is required.  

 

Limitations 

The study is constrained by several limitations that should be acknowledged. 

First, although the target number of participants was very closed to be 

achieved, 4 ICB+ and 2 HC were not recruited. Compared to Study 1, a different 

recruitment strategy (i.e., approaching PwP at the end of the clinic visit vs. postal 

invitation) as well as multicentre design were implemented. These strategies allowed 

to increment the recruitment rate, although this was not enough. PwP with ICBs may 

be reluctant in taking part to studies directly investigating a condition that is 

associated with social stigma, lack of awareness and shame, and healthy older adults 

with low education levels may be less keen to take part in studies involving 

cognitive tasks. Since the target number of participants was not met, effect sizes 

have been provided as, unlike p-values, they are independent of sample size 

(Sullivan & Feinn, 2012). 

Second, the sample of this study is not simply a larger group of PD patients 

compared to Study 1. In this study part of the sample comprises inpatients while in 

Study 1 all PwP participants were outpatients. Inpatients may differ as they would be 

more actively supervised during some time of the historical ICBs reporting period 

(1-3 months) and therefore less likely to perform, or have a desire to perform ICBs. 

Also, being an inpatient may alter the perception or the desire to complete 

questionnaires. Therefore, the lack of replicability of Study 1 findings may be related 

to differences in the studies samples rather than reliability of BART measures. 



246 
 

Future studies should further investigate replicability of both Study 1 and 3 findings 

in separate and homogeneous samples of inpatients and outpatients.  

Third, PwP were not matched for clinical characteristics. Being unable to 

recruit the target number of PwP, it was not possible to select the sample for 

matching purposes. However, BART results did not change including clinical 

variables as covariate. Furthermore, ICB+ were characterized by variables 

commonly associated with ICBs (Antonini et al., 2017; Biundo et al., 2017; Erga et 

al., 2020; Weintraub et al., 2010), therefore suggesting that the sample of the present 

study is a good representation of ICBs in the general PD population. 

Fourth, PwP were not well balanced between sites, with PwP recruited in 

Venice being older, with less severe motor symptoms, and lower DAED levels. This 

could be explained by most of participants being inpatients in Venice site and 

outpatients in Verona sites. Inpatients are usually older and, residing for weeks in the 

hospital with their medication being adjusted and undertaking physiotherapy, their 

motor symptoms may be better controlled. Despite increasing variability, multicentre 

studies provide a more realistic situation. 

Fifth, QUIP-rs has not been validated in the Italian population yet, therefore 

findings concerning QUIP-rs should be considered cautiously. However, recent 

QUIP-rs validations in other European countries show high concordance (Marques et 

al., 2019; Probst et al., 2014). In this study, QUIP-rs was only used as a measure of 

ICBs severity and diagnosis was done in agreement with the clinical interview. The 

QUIP-rs was not administered to HC, this is because it has not been validated in the 

general non-PD population yet, in any country. It should be noted that all HC have 

been screened for ICBs presence by clinical interview. 
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Sixth, no blinding procedures were followed therefore increasing the risk of 

performance bias. Blinding was not feasible as the research visit assessor was also 

involved in the ICBs assessment. Due to clinic practice, it was not possible for the 

PI/CI in the first site to be always involved in all screening procedures. Negative 

results are unlikely to be affected by performance bias, therefore the lack of between 

groups differences in the BART and in the other cognitive tasks are not related to 

assessor biases. Additionally, impairments in inhibitory control in ICB+ are also 

unlikely to be affected by performance bias as the task was computerized and 

responses recorded automatically. Finally, questionnaires were filled by the 

participant with no help by the assessors. 

Finally, it cannot be excluded that ICB- with disease duration < 5 years may 

have not developed ICBs now but they will in the future, as previous studies show 

that ICBs may be developed up to 5 years after DRT initiation (Corvol et al., 2018). 

These individuals may differently perform showing cognitive, affective and 

motivational vulnerabilities predating ICBs compared to PwP who will never 

develop ICBs.     

 

Conclusions 

This study demonstrates that reduced negative feedback in the BART is not a 

reliable measure of ICBs in PD. PwP with ICBs show reduced inhibitory control, 

compared to both PwP without ICBs and HC. In addition, ICBs in PD are associated 

with increased depression and a trend toward increased apathy than in the healthy 

population. Compared to PwP without ICBs, PwP with ICBs show a trend toward 

increased impulsivity.  
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Key Findings 

● PwP with ICBs show comparable overall risky behaviour in the BART; 

● PwP with ICBs reduce their risky behaviour after balloon burst and 

money loss, therefore Study 1’s finding of reduced sensitivity toward 

negative feedback was not replicated; 

● PwP with ICBs show poorer inhibitory control compared to both PwP 

without ICBs and healthy controls; 

● PwP with ICBs vs. healthy controls show higher depression.  
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Interim Conclusion 

In this chapter, behavioural correlates (i.e., cognitive, affective and 

motivation) have been investigated using an incentive-driven decision-making 

framework (Sinha et al., 2013).  

The first study shows that, within all the cognitive processes involved in 

incentive-driven decision-making, negative feedback processing impairment seems 

to be a potential driver for PwP with ICBs. Furthermore, PwP with ICBs showed 

higher depression and anxiety levels than HC, although no difference between PD 

groups were found.  

The first study was limited by small sample size. In order to overcome this 

limitation, a systematic review and meta-analysis of cognitive, affective and 

motivation correlates of ICBs has been performed (Study 2). The systematic review 

and meta-analysis confirmed worse performance of PwP with ICBs in tasks 

assessing incentive-driven decision-making, but also evidenced lower performances 

in task assessing set-shifting, which is a process involved in cognitive control, and 

important for the option generation stage of the incentive-driven decision-making 

framework (Sinha et al., 2013). The systematic review and meta-analysis further 

evidenced higher depression, anxiety, anhedonia and impulsivity levels in PwP with 

ICBs vs. PwP without ICBs.  

In the meta-analysis, there were no studies using the BART. Therefore, Study 

1 needed to be replicated in a larger study (Study 3). The third study failed to 

replicate the BART findings of impairments in the negative feedback processing. 

However, PwP with ICBs showed worse inhibitory abilities (performance in the 

Go/No-Go task expressed as number of false alarms). In line with Study 1, PwP with 

ICBs showed higher depression levels than healthy controls.  
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Taken together, cognitive findings suggest that impairments in the ICB+ are 

evident across incentive-driven decision-making. What are the specific incentive-

driven decision-making processes involved is still unclear, as there was no 

consistency in findings across studies (i.e., negative feedback processing in Study 1, 

set-shifting in Study 2, and motor inhibition in Study 3). Furthermore, the BART 

overall and discrepancy scores seem to not be reliable indicators of ICBs in PD and 

their use in the clinical practice should be questioned. 

Taken together, affective and motivational findings suggest that depression is 

a consistent feature of ICBs in PD. Whether anxiety, anhedonia and impulsivity are 

reliable indicators of ICBs in PD is unclear, as they were found to differ between PD 

groups in the meta-analysis but not in the empirical studies. Apathy seems not to be 

associated with ICBs in PD, as supported by the three behavioural studies. 

Still unanswered questions include whether behavioural performance in the 

BART is mirrored by neurophysiological changes. This has been explored in a 

subset of PwP who took part in this study and data are presented in Chapter 4, Study 

4. Furthermore, whether ICBs in PD are associated with neuroanatomical and/or 

neurofunctional brain changes has been explored in Chapter 5, which includes (i) a 

systematic review of structural and functional brain imaging studies of PwP with and 

without ICBs (Study 5) and (i) a systematic review and meta-analysis of PET and 

SPECT striatal studies (Study 6). 

Despite being underpowered and with a more powerful study with the same 

design reported, Study 1 has been included in this thesis because it provides the 

starting point of this programme of research. Subsequent studies have been designed 

in order to overcome Study 1 limitations (e.g., small sample size and low statistical 

power – Studies 2 and 3; lack of brain imaging measures – Studies 5 and 6) and 
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extend its findings (e.g., neurophysiological measure of negative feedback 

processing – Study 4). 
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Chapter 4 Neurophysiological Feature 
 
 

This chapter presents a pilot investigation of a possible neurophysiological 

feature of impulsive-compulsive behaviours (ICBs) in Parkinson’s disease (PD). 

Participants included in this study were enrolled in the large multicentre empirical 

investigation (Study 3, Chapter 3). This pilot study took place in one of the two 

centres (i.e., San Camillo Hospital of Venice, Italy) in order to keep 

electroencephalography (EEG) machine and investigators the same for every 

participant, therefore reducing variability and possible confounders.  
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Study 4: Feedback-related negativity in Parkinson’s disease and Impulsive-

compulsive behaviours 

 
 
 
 

Abstract 

Background: Previous EEG studies in neurologically healthy and non-PD 

clinical populations show that the ‘feedback-related negativity event-related 

potential’ (FRN) occurs 200-300 msec after negative feedback on the Balloon 

Analogue Risk Task (BART), that is, when a balloon bursts and accumulated 

winnings are lost. FRN is a measure of negative feedback processing which indicates 

that performance is worse than expected. Blunted FRN have been reported in 

individuals with behavioural and substance addictions. The status of the FRN has not 

been explored in PwP with ICBs before. This is an important clinical and research 

question, as differences in FRN amplitudes between persons with Parkinson’s 

disease (PwP) with and without ICBs may be a clinical marker of ICBs. In this pilot 

study, negative feedback processing has been investigated using two levels of 

assessments: behaviour and neurophysiology. The first aim is to explore whether 

PwP, irrespective of ICBs, shows an association between FRN amplitude and risky 

behaviour in the BART, which has been observed in other populations. The 

secondary aim was to obtain pilot data of FRN in PwP with and without ICBs whilst 

performing the BART to power a larger study.  

Methods: 18 PwP (ICB+: 8; ICB-: 10) underwent EEG whilst completing 

the BART. The FRN was recorded from anterior and posterior frontocentral scalp 

positions (Fz and Cz electrodes, respectively). Clinical, cognitive, affective and 

motivational characteristics were collected as part of Study 3. Two dependent 
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variables were measured: (i) FRN amplitude in the 200-300 msec following a 

balloon burst; and (ii) the number of pumps following a previous balloon burst.  

Results: At the group level, there was a positive correlation between FRN 

amplitude in Cz and decreased number of pumps after balloon bursts [rs(18) = 0.52, 

p = 0.03]. However, FRN amplitude did not discriminate PwP with and without 

ICBs as there was no main effect of electrode [F(1, 15) = 1.32, p = 0.27, d = 0.03, 

95% CI [-0.92, 1.06]], no main effect of group [F(1, 15) <1, p = 0.50, d = -0.16, 95% 

CI [-7.59, 3.85]], and no effect of group x electrode interaction [F(1, 15) <1, p = 

0.80]. Behaviourally, both groups decreased the number of pumps after balloon 

bursts, as there was main effect of feedback [F(1, 16) = 11.18, p = 0.004, d = 0.82, 

95% CI [2.04, 8.36]], but no main effect of group [F(1, 16) <1, p = 0.59, d = -0.13, 

95% CI [-13.41, 7.90]], nor group x feedback interaction [F(1, 16) = 1.17, p = 0.29]. 

No other between groups differences in the cognitive, affective and motivational 

measures were observed. The small number of participants impedes power analysis 

calculation.  

Conclusions: The preliminary evidence suggests that when two groups are 

collapsed into a single group there is an association between neurophysiology and 

behaviour. However, PwP with ICBs show similar neurophysiological and 

behavioural performance as PwP without ICBs, at least in the cohort of PwP 

investigated. Due to the small sample size, findings should be considered cautiously 

and no firm conclusion can be drawn. The small sample size prevents any a-priori 

power analysis for a fully powered study.  
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Introduction 

 

Persons with Parkinson’s disease (PwP) with clinically significant Impulsive-

compulsive behaviours (ICBs) (i.e., those requiring medical intervention to reduce 

the impact of the ICBs on their and their carers lives) have cognitive deficits in set-

shifting and incentive-driven decision-making abilities, according to a recent 

systematic review and meta-analysis (Martini, Dal Lago, Edelstyn, Grange, et al., 

2018) (Study 2, Chapter 3). The clinical effect of these research cognitive findings is 

currently undetermined.   

Incentive-driven decision-making involves several cognitive processes that, 

if affected, can result in imbalanced reward-seeking attitude. Within these processes, 

external feedback detection and evaluation is important for adapting goal- and 

reward-oriented behaviours (Sinha et al., 2013). This is supported by evidence of 

negative feedback impairments in the development, maintenance and later relapse of 

addictive behaviours (Fridberg et al., 2010; Parvaz et al., 2015; Verdejo-Garcia, 

Chong, Stout, Yücel, & London, 2018; Yücel et al., 2018). For example, binge-

eaters continue in their overeating behaviours despite increasing weight and 

malnutrition, and gamblers continue to bet despite incurring huge losses.  

Negative and positive feedback are associated, respectively, with phasic 

decrease and increase of dopaminergic activity in the midbrain, which in turn 

generates a signal to the anterior cingulate cortex (ACC). This signal is used to 

update the incentive-driven decision-making process for improving task performance 

(Holroyd & Coles, 2002). 

In PD, dopaminergic replacement therapy (DRT) may prevent the normal 

dopaminergic neurons dip after negative feedback resulting in blunted negative 
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feedback-related ACC activity. When “off” their medication, persons with 

Parkinson’s disease (PwP) are better at learning to avoid choices that lead to 

negative outcomes than they are at learning from positive outcomes, however, 

medication reverses this bias, making PwP more sensitive to positive vs. negative 

feedback (Frank et al., 2004).  

In the context of ICBs, PwP who develop ICBs may be individuals who are 

more vulnerable to the effect of DRT on the dopaminergic neurons during negative 

feedback, therefore affecting negative feedback processing. This is supported by a 

previous study of this thesis (Study 1, Chapter 3) showing that PwP with ICBs do 

not reduce their risky behaviour after negative feedback in an incentive-driven 

decision-making task (i.e., the Balloon Analogue Risk Task - BART) (Martini, Ellis, 

et al., 2018). 

Over the variety of incentive-driven decision-making tasks, the BART has 

the advantages of being an ecological measure as it mimics many real-world risks, 

where probability of loss is initially small but grows persisting in the behaviour (e.g., 

substance abuse) (Lejuez et al., 2002; Schonberg et al., 2011). The BART has been 

extensively used with healthy as well as clinical populations, and performances in 

the task correlate with risky behaviours in real life such as drug abuse, smoking 

behaviour, sexual promiscuity and risky traffic behaviour (Hopko et al., 2006; 

Lejuez, Aklin, Jones, et al., 2003; Lejuez et al., 2002; Raymond et al., 2020; Vaca et 

al., 2013). 

During the BART, participants are provided with several virtual balloons to 

pump up, one at time. With each pump money is earned; however, each balloon has 

a maximum unknown capacity over which additional pumps would result in balloon 

burst and money loss. Participants have to decide how much to inflate the balloon, 
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trying to stop before it bursts in order to save the money. As in real life, feedback 

detention (balloon bursts) is important for adjusting risky behaviour (number of 

pumps in the following balloon).  

Negative feedback processing can be investigated with 

electroencephalography (EEG), measuring ‘the feedback-related negativity’ (FRN) 

which is a component of the brain electrical event-related activity (ERPs) (Gehring 

& Willoughby, 2002; Holroyd & Coles, 2002; Miltner, Braun, & Coles, 1997). The 

FRN is a frontocentral negative deflection generated in the ACC (Gehring & 

Willoughby, 2002; Miltner et al., 1997) that occurs 200–300 ms after a negative 

feedback of any modality is presented (Holroyd & Coles, 2002; Talmi, Atkinson, & 

El-Deredy, 2013). The FRN is thought to mirror rapid feedback evaluation and 

phasic dopaminergic changes in activity between the basal ganglia and the ACC 

(Holroyd & Coles, 2002). 

In neurologically healthy populations, it has been shown that a FRN can be 

elicited 200–300 ms after balloon burst in the BART (Kessler, Hewig, Weichold, 

Silbereisen, & Miltner, 2017; Kóbor et al., 2015). Furthermore, blunted FRN during 

the BART has been observed in methamphetamine dependent (Zhong et al., 2020) 

and in adolescent with problematic internet use (Yau, Potenza, Mayes, & Crowley, 

2015), whilst in alcoholics smaller FRN amplitudes from the BART have been 

associated with a greater family history of alcohol abuse (Fein & Chang, 2008). 

There are no PD studies assessing FRN amplitude during BART performance. 

Furthermore, whether FRN is reduced in PwP with ICBs is unknown, as, no 

study has investigated the neurophysiological correlates of negative feedback 

processing in this population before. This is an important clinical and research 
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question as blunted FRN may represent a signature of ICBs which could be used in 

the clinical setting for identifying PwP at risk of ICBs.  

This pilot study is the first study to examine FRN during incentive-driven 

decision-making in PwP with and without ICBs. Negative feedback processing has 

been investigated using two levels of assessment: behavioural and neurophysiology. 

This is important as in some cases abnormalities in neurophysiology may not 

manifest in abnormal behaviour. In other words, changes at neurophysiological 

levels may be subtle and not by themselves sufficient for affecting behaviour. 

Neurophysiological measures may be more sensitive and therefore have the potential 

of being used in the clinical setting as clinical markers of ICBs in PD. As there are 

no FRN studies on PwP with ICBs in the literature, data of this pilot study will be 

used to inform a-priori power analysis. Performing pilot studies to obtain estimates 

of effect size to perform power analysis for subsequent studies is a common 

approach in the literature (Fritz, Morris, & Richler, 2012; Sullivan & Feinn, 2012). 

For example, the Reproducibility Project which involved the replication of 100 

psychological studies relied on the effect sizes of the original works to perform 

power analysis (Open Science Collaboration, 2015). 

 

Aims 

The primary aim of this study is to explore whether PwP, irrespective of 

ICBs, show an association between FRN amplitude and risky behaviour in the 

BART. 

The secondary aim is to investigate FRN amplitude in PwP with and without 

ICBs providing data for calculating sample size for a fully powered study. 
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Method 

Peer Review and Ethic Approval 

See page 198. 

 

Participants 

Persons with Parkinson’s disease  

Identification (Pre-screening). See page 199. 

 

Recruitment. See page 199. 

 

Screening visit. This pilot study was performed in the second site only, in 

order to keep EEG machine and investigators the same for every participant 

therefore reducing variability and possible confounders. The same screening visit 

procedure of Study 3 was followed (see page 199, Chapter 3), but PwP were also 

screened for capability to perform EEG. In particular, EEG exclusion criteria were 

(i) dyskinesia as the movements create artifacts preventing analysis and (ii) epilepsy. 

PwP who disclose contraindications to perform EEG were not included in this study 

but continued with the study procedure involving data taken outside the EEG (data 

provided in chapter 3, Study 3).  

 

Inclusion/exclusion criteria. See page 200. 

 

Participants. Twenty-one idiopathic non-dementing PwP were enrolled in 

the study from a larger cohort of participants who took part in Study 3 of this thesis 

(Chapter 3). 
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Data of 3 participants (ICB+: 2; ICB-: 1) could not be analysed because of an 

insufficient number of negative-feedback events (ICB+: Nloss = 9, Nloss = 13; ICB-: 

Nloss = 8). In agreement with a previous study, an a priori threshold of 15 negative-

feedback events was used for FRN analyses (Yau et al., 2015). 

Therefore, 18 PwP (15 males, 3 females; mean age = 66.50, SD = 8.15) 

completed the study. All PwP were in the mild to moderate stages of PD (modified 

Hoehn and Yahr (H&Y) mean score = 1.92, SD = 0.57). PwP were divided in two 

subgroups: 8 PwP (8 males, 0 females) with ICBs were allocated to the ICB+ group, 

and 10 PwP (7 males, 3 females) with no ICBs history were allocated to the ICB- 

group. Information on the number of PwP assessed for eligibility (together with 

reasons for exclusion), allocation and the complete datasets analysed are presented in 

a CONSORT diagram in Figure 4.1. 
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Figure 4. 1 The CONSORT diagram showing the number of PwP assessed for 

eligibility, allocation and complete datasets analysed. PwP: persons with Parkinson’s 

disease; ICB+: PwP with impulsive-compulsive behaviour; ICB-: PwP without 

impulsive-compulsive behaviour. 

 

The two groups were matched for age [t(16) <1, p = 0.28, d = -0.53, 95% CI 

[-1.47, 0.43]], sex [Fisher-Freeman-Halton test, p = 0.22], education [t(16) <1, p = 

0.39, d = -0.42, 95% CI [-1.35, 0.53]], age at PD onset [t(16) <1, p = 0.24, d = -0.75, 

95% CI [-1.52, 0.38]], disease duration [t(16) <1, p = 0.94, d = 0.04, 95% CI [-0.89, 

0.97]], disease severity stage [H&Y: t(16) <1, p = 0.28, d = -0.52, 95% CI [-1.46, 

0.43]], motor functioning [Unified Parkinson’s disease rating scale part III (UPDRS-
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III): t(8.19) <1, p = 0.95, d = -0.03, 95% CI [-1.02, 0.96]], motor complications 

[Unified Parkinson’s disease rating scale part IV (UPDRS-IV): t(8.05) = 1.01 p = 

0.34, d = 0.53, 95% CI [-0.50, 1.54]], and levels of daytime sleepiness [Epworth 

Sleepiness scale (ESS): t(16) <1, p = 0.55, d = 0.29, 95% CI [-0.65, 1.22]]. Total L-

Dopa equivalent daily dosage [Total LEDD, mg: U =20, p = 0.08, rrb = 0.50, 95% CI 

[-0.002, 0.80]], L-Dopa equivalent daily dosage [LD-LEDD, mg: t(10.21) = 1.72, p 

= 0.12, d = 0.84, 95% CI [-0.18, 1.82]] and dopamine (DA) agonist use [Fisher-

Freeman-Halton test, p = 0.22] were equivalent between groups, although DA 

agonist equivalent daily dose [DAED, mg: t(16) = 2.27, p = 0.04, d = 1.10, 95% CI 

[0.06, 2.06]] was significantly higher in the ICB+ vs. ICB- groups. As the DRT may 

modulate reward and punishment learning, the DAED was included as covariate in 

the ERP analysis. Total LEDD, DAED and LD-LEDD have been calculated based 

on published formulae (Schade et al., 2020; Tomlinson et al., 2010). The current 

level of functioning was higher in ICB+ vs. ICB- groups [MMSE: t(16) = 2.85, p = 

0.01, d = 1.35, 95% CI [0.29, 2.37]]. Demographic and clinical characteristics of the 

PwP included in the EEG analysis are provided in Table 4.1.
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Table 4. 1 Baseline data and clinical characteristics of the study sample. 

Variables PwP overall (n=18) ICB+ (n=8) ICB- (n=10) t, U, χ² values p 

Age (y) 66.50 ± 8.15 64.13 ± 10.19 68.4 ± 5.98 t(16) <1 0.28 

Male, n (%) 15 (83.3%) 8 (100%) 7 (70%)   0.22§| 

Education (y) 11.39 ± 4.86 10.25 ± 3.84 12.30 ± 5.58 t(16) <1 0.39 

ESS 7.44 ± 4.12 8.12 ± 4.39 6.90 ± 4.04 t(16) <1 0.55 

MMSE  27.83 ± 1.65 28.88 ± 1.13 27 ± 1.56 t(16) = 2.85 0.01 

PD features          

Age at onset 58.17 ± 8.06 55.62 ± 8.72 60.20 ± 7.30  t(16) <1 0.24 

PD Duration 8.67 ± 3.96 8.75 ± 4.43 8.60 ± 3.78 t(16) <1 0.94 

UPDRS-III 22.81 ± 12, 17.5 22.57 ±16.55, 16 23.00 ± 8.03, 21 t(8.19) <1 0.95 

UPDRS-IV 1.69 ± 1.92, 1.5 2.29 ± 2.56, 1 1.22 ±1.20, 2 t(8.05) = 1.01 0.34 

H&Y 1.91 ± 0.57 1.75 ±0.65 2.05 ± 0.50 t(16) <1 0.28 

LEDD Tot (mg) 812.27 ± 431.41, 670 1047.87 ±506.59, 960 623.80 ±251.30, 590 U =20 0.08 

LEDD LD (mg) 639.50 ± 381.96 812.25 ± 461.61 501.30 ± 249.20 t(10.21) = 1.72 0.12 

DAED (mg) 141.11 ± 101.64 195.62 ± 87.89 97.50 ± 93.54 t(16) = 2.27 0.04 

DA use, n (%) 15 (83.3%) 8 (100%) 7 (70%)   0.22§| 

QUIP-rs 7.50 ± 9.18, 3.5 16.00 ± 7.31, 16.50 0.7 ± 1.49, 0 t(7.47) = 5.82 0.001 
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Table 4. 1 (continued). Baseline data and clinical characteristics of the study sample. 

Variables PwP overall (n=18) ICB+ (n=8) ICB- (n=10) t, U, χ² values p 

ICB type      

  Single ICB  2/ 1a 0     

  Multiple ICBs  1/1/1/1/1b 0     

Legend. PwP: persons with Parkinson’s disease; ICBs: impulsive-compulsive behaviours; ICB+: PwP with ICBs; ICB-: PwP without ICBs; 

Education: years of formal education; ESS: Epworth sleepiness scale; MMSE: Mini-mental state examination; UPDRS-III: Unified Parkinson’s 

disease rating scale part III (motor score); UPDRS-IV: Unified Parkinson’s disease rating scale part IV (motor complications); H&Y: Hoehn-

Yahr disease severity rating scale; LEDD: Levodopa Equivalent Daily Dosage; LD: levodopa; DAED: dopamine agonist equivalent daily dose; 

DA: Dopamine agonist; QUIP-rs: Questionnaire for impulsive-compulsive disorders in Parkinson’s disease – total score. Continuous variables 

are presented as mean ± standard deviation, median. Median is reported for variables that were not normally distributed. ahypersexuality: n=2, 

hobbyism: n=1; bhypersexuality + binge eating: n = 1, hypersexuality + compulsive shopping: n = 1, hypersexuality + gambling disorder: n = 1, 

hypersexuality + gambling disorder + punding: n = 1, gambling disorder + punding: n = 1. §| Fisher-Freeman-Halton test. 

 
 
 



266 
 

Procedure  

Participants attended one screening visit and two research visits (i.e., 1: 

BART assessment during EEG recording; 2: neuropsychological assessment). 

During the second research visit PwP completed measures of (i) incentive-driven 

decision-making, (ii) cognitive processes associated with the four stages decision-

making framework (Sinha et al., 2013), and (iii) affective and motivation. PwP were 

tested in the morning in the “on” state (i.e., at least 120 minutes after having taken 

their first DRT of the day), in their usual medication. Flow diagram of the study 

illustrating study procedure is provided in Figure 4.2. Assessments used during the 

research visits 1 and 2 are listed in Table 4.2. 
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Neurology 
Research 

Unit 

PwP participants 
SCREENING VISIT (60-90 mins)  

·    Functional assessment of mental capacity 
·    Informed consent 
·    Unified Parkinson’s disease Rating Scale 
·    modified Hoehn and Yahr Scale 
·    Inclusion/exclusion criteria 
·    Medical history and medications 
·    Contraindications to perform EEG  
·    Clinical interview presence/absence ICBs and QUIP-rs 

  

  ICB+ 
(n=8) 

  ICB- 
(n=10) 

  

  

Neurophysiology 
Research Units 

  

RESEARCH VISIT 1 (25 mins PLUS 40 mins for EEG 
cup preparation) 

·    Balloon Analogue Risk Task (during EEG) 

   

Neurology Unit RESEARCH VISIT 2 (90 mins) 

Questionnaires and neuropsychological tests battery 

 

 

Figure 4. 2 Flow diagram illustrating study procedure. PwP: persons with 

Parkinson’s disease; ICBs: impulsive-compulsive behaviours; ICB+: PwP with 

impulsive-compulsive behaviour; ICB-: PwP without impulsive-compulsive 

behaviour; QUIP-rs: Questionnaire for impulsive-compulsive disorders in 

Parkinson’s disease – rating scale; EEG: EEG: electroencephalography. 
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Table 4. 2 Assessments administered in each research session. 

Research Session 1 
(25 mins testing PLUS 40 mins for EEG cup) 

Research Session 2 
(90 mins testing PLUS breaks) 

BART ROCF copy 
Phonological fluency 

DSS 
ROCF delay 

Prose Immediate  
TMT-A 
TMT-B 

Prose Memory Delay 
Go/No-Go task 

Stroop task 
IGT 

Brixton Spatial Anticipation Test 
Kirby Monetary Choice Questionnaire 

I-DAS 
HADS 
BIS-11 

ESS 

Legend. BART: Balloon Analogue Risk Task; ROCF: Rey Complex Figure; DSS: 

Digit span sequencing task; TMT-A: Trail Making Test – part A; TMT-B: Trail 

Making Test – part B; IGT: Iowa Gambling Task; I-DAS: Italian Dimensional 

Apathy Scale; HADS: Hospital Anxiety Depression Scale; BIS-11: Barratt 

Impulsiveness questionnaire; ESS: Epworth sleepiness scale; EEG: 

electroencephalography. 

 

Stimuli 

Clinical Measures 

Modified Hoehn and Yahr Staging Scale. See page 102. 

 

Unified Parkinson’s Disease Rating Scale. See page 102. 

 

Epworth Sleepiness Scale. See page 103. 
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Mini-Mental State Examination. See page 104. 

 

Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease 

– Rating Scale. See page 73.  

 

Cognitive measures 

The Balloon Analogue Risk Task. See page 213. 

 

The Iowa Gambling Task. See page 215. 

 

Trail Making Test. See page 108. 

 

Phonological fluency. See page 217. 

 

Digit span sequencing task. See page 217. 

 

Kirby Monetary Choice Questionnaire. See page 110. 

 

Go/No-Go. See page 218.  

 

Stroop Color and Word Test. See page 218. 

 

Brixton Spatial Anticipation Test. See page 112. 

 

Prose Memory. See page 219. 
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Rey-Osterrieth complex figure test. See page 220. 

 

Affective and motivational measures 

Barratt Impulsiveness Questionnaire. See page 113. 

 

Italian Dimensional Apathy Scale. See page 221. 

 

Hospital Anxiety and Depression Scale. See page 114. 

 

EEG acquisition and preprocessing 

Participants performed the BART while 63-channels electroencephalogram 

(International 10-20 system) was recorded using BrainAmp MR plus amplifiers and 

BrainVision recorder 2.0 (Brain Products GmbH, Gilching, Germany). Participants 

completed two sessions of 60 trials each for a total number of 120 trials9. Usually, 

the number of trials provided in the BART is 30 (Wallsten et al., 2005); however, 

providing participants with 120 trials allowed to increase the number of negative 

feedback epochs available for averaging, although the breaking point remained 

unchanged from the original BART version for behavioural analyses. Negative 

feedback-locked waveforms were based on no less than 15 epochs per subject 

(whole sample: M=26.61, SD=9.22) in agreement with a previous study (Yau et al., 

2015). To avoid participants fatigue, a 10-mins break was scheduled between the 

 
9 The first three participants (all from the ICB- group) performed only one session of 60 trials. In 
order to decrease the risk of having a small number of negative feedback trials, a second session of 60 
trials was introduced for the following participants. Participants who performed 60 trials only were 
not discarded from the analyses as their FRN amplitudes were similar to the ones observed in the 
other participants (i.e., their z scores were within ± 1.5 SD from the group mean). 
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two sessions. Audio feedback typically used in the BART was removed from 

positive and negative feedback as it could have induced unwanted startle responses 

and muscle artefacts. 

ERPs were time-locked to the onset of negative-loss feedback. Ag/AgCl 

active electrodes were mounted on an elastic cap, according to the International 10-

20 system. The ground electrode was located at Oz, and FCz served as reference. 

Data were collected with a sampling rate of 512 Hz. Continuous data were filtered 

offline with an IIR Butterworth band-pass filter to reject frequencies below 0.1 Hz 

(0.1 half-amplitude filter, 12 dB/oct) and above 30 Hz (30 Hz half-amplitude, 12 

dB/oct). Parks-McClellan Notch filter was applied at 50 Hz. After filtering, data 

were resampled at 256 Hz. Bad channels were identified visually and interpolated 

(whole sample: M=1.79, SD= 1.93). Continuous data were segmented into epochs of 

1000 ms (200 ms before and 800 ms after feedback onset), and then baseline 

corrected at 200 ms before feedback onset (i.e., -200 to 0). Blinks and eye 

movements artefacts were corrected via Independent Component Analysis (Makeig, 

Bell, Jung, & Sejnowski, 1996). After artefact rejection, data were re-referenced to 

linked mastoids (electrodes TP9/TP10), and then averaged separately for each 

participant, and electrode. FRN was calculated from the mean amplitude between 

200-300 ms at the midline electrodes Fz and Cz. Mean amplitude across an interval 

is an unbiased measure which means that it is equally likely to be larger or smaller 

than the true value and is not more likely to produce consistently larger values in 

noisier waveforms (Luck, 2014). Increasing the noise, mean amplitude will increase 

the variance and decrease statistical power, but it will not become larger. 

Furthermore, compared to other ERPs measures, such as peak amplitude, it can be 
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used when the number of trials differ between participants and/or when comparing 

groups with different levels of noise (Luck, 2014). 

 

Statistical analysis  

Data were analysed with Statistical Package for Social Sciences (SPSS) 

version 21.0 (IBM Corp., 2012). Cohen’s d effect sizes and 95% confidence 

intervals were analysed using JASP software version 0.10.2 (JASP Team, 2019), as 

Cohen’s d effect sizes are not provided by SPSS.  

Normality of distribution was explored with the Shapiro–Wilks test. For 

variables not normally distributed, both parametric and nonparametric analyses were 

used to compare groups. When the results were comparable for both types of 

analysis, results of parametric tests were considered, as they assure greater statistical 

power. 

Continuous variables were analysed using t test or the non-parametric 

equivalent Mann-Whitney. Fisher’s exact test or Fisher–Freeman–Halton test was 

applied to categorical variables. p < 0.05 (two-tailed) was set as the significance 

threshold for all the tests, except when Bonferroni correction for multiple 

comparisons was applied. Behavioural performance in the BART were analysed with 

a 2x2 mixed-model ANOVA with the between-subjects factor group (ICB+, ICB-) 

and the within-subject factor feedback (pre-, post-burst). 

For the first aim, a Spearman correlation analysis examined the relationship 

between FRN for negative-loss feedback in Fz and Cz, and a BART discrepancy 

score (derived from the difference in the number of pumps pre- and post- balloon 

burst), cognitive, motivational and affective measures. 
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For the second aim, FRN values were analysed via mixed model repeated 

ANCOVA with mean amplitude of ERP responses for negative feedback as 

dependent variables, between-subject factors group (ICB+, ICB-) and within-subject 

factors electrode (Fz, Cz), and DAED as covariate. ERP responses for positive 

feedback have not been analysed as, using the original task version, the knowledge 

of win outcome is clear earlier in the positive feedback condition (i.e., participants 

know they have won the money once they decide to collect the money, before 

pressing the N key and seeing the visual positive feedback), therefore creating a shift 

in the average waveforms.  

The small number of participants prevents any power analysis for subsequent 

studies. This is because small sample size may provide poor estimate of effect sizes, 

if the effect is highly variable across participants (Albers & Lakens, 2018). 

Therefore, no power analysis calculation will be provided in the results section. 

For exploratory purposes, z scores were calculated from FRN scores of each 

participant, both at Fz and Cz electrodes, to identify (i) whether there are individuals 

performing 2 SD above the mean (i.e., abnormal FRN) and, if so, (ii) whether those 

individuals share some clinical and demographic characteristics.  

 

Results 

Correlation analysis 

Spearman correlation analysis found a significant positive correlation 

between the FRN amplitude in Cz and the BART discrepancy score [rs(18) = 0.52, p 

= 0.03; 95% CI [0.07, 0.80]]. This finding suggests that the more the negative 

feedback is processed, the more PwP adjust their risky behaviour after a negative 

feedback. No other correlations between FRN in Fz and Cz electrodes and the 
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cognitive, affective and motivational measures investigated were found. The 

correlation matrix is presented in Table 4.3. Correlation plots of significant 

correlations are provided in Figure 4.3. 
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Table 4. 3 Exploratory correlation analysis. 

Variable QUIP-rs BART 
Main 

BART 
DS 

IGT TMT-A TMT-B DSS Phon Flu Kirby GNG Stroop 

FRN Fz 0.71 0.80 0.15 1.00 0.33 0.34 0.33 0.55 0.13 0.59 0.97 

FRN Cz 0.40 0.46 0.03 0.96 0.69 0.27 0.90 0.15 0.29 0.61 0.72 

  

Table 4. 3 (continued) Exploratory correlation analysis. 

Variable Mem Brixton MMSE HADS-A HADS-D I-DAS BIS-11 

FRN Fz 0.94 0.24 0.94 0.94 0.11 0.94 0.13 

FRN Cz 0.68 0.36 1.00 0.70 0.21 0.51 0.33 

Legend. FRN: Feedback-related negativity; MMSE: Mini-mental state examination; QUIP-rs Tot: Questionnaire for Impulsive-Compulsive 

Disorders in Parkinson’s disease – Rating Scale total score; BART: Balloon Analogue Risk Task main score; BART DS: BART discrepancy 

score; IGT: Iowa Gambling Task net score; TMT-A: Trail Making Test Part A number of errors; TMT-B: Trail Making Test Part B number of 

errors; DSS: Digit span sequencing test; Phon Flu: phonological fluency; Kirby: Kirby Monetary choice questionnaire total score; GNG: Go/No-

Go false alarms; Stroop: Stroop interference number of errors; Brixton: Brixton scaled score; Mem: memory composite score; HADS-A: 

Hospital Anxiety and Depression scale anxiety subscale; HADS-D: Hospital Anxiety and Depression scale depression subscale; I-DAS: Italian 

Dimensional Apathy scale total score; BIS-11: Barratt Impulsiveness questionnaire total score. Significant p values (p<0.05) are given in bold.
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Figure 4. 3 Correlation Plots.  FRN_Loss_Fz: Feedback-related negativity for 

negative-loss feedback at the electrode Fz; FRN_Loss_Cz: Feedback-related 

negativity for negative-loss feedback at the electrode Cz; BART_Main: Balloon 

Analogue Risk Task main score; BART_DS: Balloon Analogue Risk Task 

discrepancy score.
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The Balloon Analogue Risk Task  

Considering the performance on the whole 120 trials, the two groups did not 

differ in the average number of adjusted pumps where the balloon was cashed [t(16) 

<1, p = 0.58, d = -0.26, 95% CI [-1.19, 0.67]] (see Figure 4.4A). When the average 

number of adjusted balloon pumps pre- and post-burst was compared, the main 

effect of feedback was significant [F(1, 16) = 11.18, p = 0.004, d = 0.82, 95% CI 

[2.04, 8.36]], although there was no main effect of group [F(1, 16) <1, p = 0.59, d = -

0.13, 95% CI [-13.41, 7.90]], nor group x feedback interaction [F(1, 16) = 1.17, p = 

0.29; ICB+ vs. ICB- PRE: p = 1.00, d = -0.20, 95% CI [-19.84, 11.08]; ICB+ vs. 

ICB- POST: p = 1.00, d = -0.05, 95% CI [-16.59, 14.33]] (see Figure 4.4B). 

For comparative purposes with Study 1, performance in the first 30 trials 

only was also analysed. The two groups did not differ in the average number of 

adjusted pumps where the balloon was cashed [t(16) <1, p = 0.73, d = -0.17, 95% CI 

[-1.09, 0.77]]. When the average number of adjusted balloon pumps pre- and post-

burst was compared, the main effect of feedback was significant [F(1, 16) = 6.22, p 

= 0.02, d = 0.62, 95% CI [1.07, 9.82]], although there was no main effect of group 

[F(1, 16) <1, p = 0.53, d = -0.15, 95% CI [-15.76, 8.43]], nor group x feedback 

interaction [F(1, 16) <1, p = 0.50; ICB+ vs. ICB- PRE: p = 1.00, d = -0.20, 95% CI 

[-22.91, 12.65]; ICB+ vs. ICB- POST: p = 1.00, d = -0.08, 95% CI [-19.98, 15.59]]. 
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A. Overall risky incentive-driven decision-making      
 

 
 
 
B. Response to negative feedback        
 

 
 
Figure 4. 4 Performance in the 120 trials of the Balloon Analogue Risk Task 

(BART). A) Average number of pumps for cashed trials. The two groups did not 

differ in the average number of pumps, which reflects risk-taking behaviour. Higher 

scores represent riskier behaviours. Error bars represent the standard error of the 
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mean. B) Both groups decreased the number of pumps after a negative feedback 

showing less risky behaviour. Negative feedback is expressed as the loss of money 

for trials in which a balloon burst. Error bars represent the standard error of the 

mean. ICB+: persons with Parkinson’s disease and impulsive-compulsive 

behaviours; ICB-: persons with Parkinson’s disease without impulsive-compulsive 

behaviours; PRE: average number of pumps in the balloons immediately preceding a 

balloon burst; POST: average number of pumps in the balloons immediately 

following a balloon burst. 



 
 

280 

Cognitive, affective and motivational measures  

There were no significant differences between the two groups for any of the 

cognitive, affective and motivational measures assessed, using the stringent 

Bonferroni corrected p-values [Iowa Gambling Task (IGT) net score: p < 0.05; Trail 

Making test part A and Trail Making test part B errors (TMT-A and TMT-B), 

Phonological fluency, Kirby Monetary choice questionnaire total, Go/No-Go false 

alarms, Stroop interference errors, Memory composite score, Brixton scaled score: p 

< 0.006; Hospital Anxiety and Depression scale depression (HADS-D) and anxiety 

(HADS-A) subscales scores, Italian Dimensional Apathy scale score (I-DAS), 

Barratt Impulsiveness Scale total score (BIS-11): p < 0.012]. Cognitive, affective 

and motivational performances are provided in Tables 4.4 and 4.5.  
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Table 4. 4 Cognitive performances of PwP. 

Variables PwP overall (n=18) ICB+ (n=8) ICB- (n=10) t values p ES 95% CI 

Incentive-driven decision-making task   

IGT Net 6.67 ± 31.41 18 ± 37.26 -2.4 ± 24.03 t(16) = 1.41 0.18 0.67 -0.30, 1.62  

(i) Option Generation Stage   

TMT-A errors 0.17 ± 0.38, 0 0.13 ± 0.35, 0 0.20 ± 0.42, 0 t(16) <1 0.69 -0.19 -1.12, 0.74 

TMT-B errors 1.11 ± 1.37, 1 1 ± 1.31, 0.5 1.20 ± 1.48, 1 t(16) <1 0.77 -0.14 -1.07, 0.79 

Phonol fluency 39.89 ± 17.42, 40 44.62 ± 17.38, 42.5 36.10 ± 17.40, 32.5 t(16) = 1.03 0.32 0.49 -0.46, 1.43 

DSS 7.82 ± 2.35 8.62 ± 2.39 7.11 ± 2.20 t(15) = 1.36 0.19 0.66 -0.33, 1.63 

(ii) Option Selection Stage   

Kirby total 0.36 ± 0.17 0.27 ± 0.12 0.43 ± 0.18 t(16) <1 0.05 -1.03 -2.01, -0.02 

(iii) Action Initiation and Inhibition Stage   

Go/No-Go FA 0.39 ± 0.70, 0 0.62 ± 0.92, 0 0.20 ± 0.42, 0 t(9.36) = 1.21 0.25 0.62 -0.34, 1.57 

Stroop INT  1.92 ± 4.74, 0 1.5 ± 4.25, 0 2.25 ± 5.30, 0 t(16) <1 0.75 -0.15 -1.08, 0.78 

(iv) Learning Stage   

Memory  -0.18 ± 1.11, -0.22 0.37 ± 1.37, 0.21 -0.60 ± 0.63, -0.60 t(16) = 2.00 0.06 0.94 -0.05, 1.92 

Brixton  4.94 ± 2.71 6 ± 2.14 4.20 ± 2.10 t(16) = 1.33 0.20 0.63 -0.33, 1.58 
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Legend. PwP: persons with Parkinson’s disease; ICB+: PwP with ICB; ICB-: PwP without ICB history; IGT: Iowa Gambling Task; TMT-A: 

Trail Making Test Part A number of errors; TMT-B: Trail Making Test Part B number of errors; Phonol fluency: Phonological fluency test; 

DSS: Digit span sequencing test; Kirby total: Kirby Monetary choice questionnaire total score; Stroop INT: Stroop interference number of 

errors; Memory: memory composite score; Brixton: Brixton scaled score; ES: Cohen’s d effect size; CI: confidence interval. Data are presented 

as mean ± standard deviation, median. Median is reported for variables that were not normally distributed. Significant p values (IGT Net: p < 

0.05; TMT-A errors, TMT-B errors, Phonological fluency, Kirby total, Go/No-Go FA, Stroop INT errors, Memory composite score, Brixton 

scaled score: p < 0.006) are given in bold.  
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Table 4. 5 Affective and motivational performances of PwP. 

Variables PwP overall (n=18) ICB+ (n=8) ICB- (n=10) t values p ES 95% CI 

HADS-A 4.17 ± 2.99 5.25 ± 3.01 3.30 ± 2.83 t(16) <1 0.18 0.67 -0.30, 1.62 

HADS-D 5.72 ± 4.15 5 ± 3.62 6.30 ± 4.62 t(16) <1 0.52 -0.31 -1.24, 0.63 

I-DAS 23.06 ± 8.58 23.37 ± 10.01 22.80 ± 7.81 t(16) <1 0.89 0.06 -0.87, 0.99 

BIS-11 57.44 ± 6.89 57.75 ± 7.30, 56 57.20 ± 6.92, 56 t(16) >1 0.87 0.08 -0.85, 1.01 

Legend. PwP: persons with Parkinson’s disease; ICB+: PwP with ICB; ICB-: PwP without ICB history; HADS-A: Hospital Anxiety and 

Depression scale anxiety subscale; HADS-D: Hospital Anxiety and Depression scale depression subscale; I-DAS: Italian Dimensional Apathy 

scale; BIS-11: Barratt Impulsiveness questionnaire total score; ES: Cohen’s d effect size; CI: confidence interval. Data are presented as mean ± 

standard deviation, median. Median is reported for variables that were not normally distributed. Significant p values (p < 0.012) are given in 

bold. 
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Feedback-related negativity amplitude  

Mixed model repeated ANCOVA with mean amplitude of ERP responses for 

negative feedback as dependent variables showed no main effect of electrode type 

[F(1, 15) = 1.32, p = 0.27, d = 0.03, 95% CI [-0.92, 1.06]], no main effect of group 

[F(1, 15) < 1, p = 0.50, d = -0.16, 95% CI [-7.59, 3.85]], and no effect of group x 

electrode interaction [F(1, 15) < 1, p = 0.80; ICB+ vs. ICB- in Fz: p = 1.00, d = -

0.15, 95% CI [-9.96, 6.50]; ICB+ vs. ICB- in Cz: p = 1.00, d = -0.17, 95% CI [-

10.24, 6.21]] (see Table 4.6, and Figures 4.5 - 4.7). Leaving out DAED levels from 

the model, the results did not change; there was no main effect of electrode type 

[F(1, 16) < 1, p = 0.92, d = 0.03, 95% CI [-0.92, 1.06]], no main effect of group 

[F(1, 16) < 1, p = 0.84, d = -0.05, 95% CI [-5.43, 4.50]], and no effect of group x 

electrode interaction [F(1, 16) < 1, p = 0.68; ICB+ vs. ICB- in Fz: p = 1.00, d = -

0.07, 95% CI [-7.79, 6.46]; ICB+ vs. ICB- in Cz: p = 1.00, d = -0.03, 95% CI [-7.39, 

6.86]].  
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Table 4. 6 FRN mean amplitude by electrode x group interaction. 

 PwP overall (n=18) ICB+ (n=8) ICB- (n=10) F values p 

FRN  Fz: 3.39 ± 4.60, 2 
Cz: 3.32 ± 5.19, 1.5 

Fz: 3.02 ± 3.35, 2 
Cz: 3.17 ± 3.86, 2.2 

Fz: 3.68 ± 5.57, 2.1 
Cz: 3.43 ± 6.26, 1.3 

Main effect of electrode F(1, 15) = 1.32 
Main effect of electrode x group F(1, 15) = 0.07 
Main effect of group F(1, 15) = 0.48 

0.27 
0.80 
0.50 

Legend.   FRN: feedback related negativity mean amplitude; ICB+: persons with Parkinson’s disease and impulsive-compulsive behaviours; 

ICB-: persons with Parkinson’s disease without impulsive-compulsive behaviours; Data are presented as mean ± standard deviation. Significant 

p values (<0.05) are given in bold. 
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Figure 4. 5 Feedback-related negativity mean amplitude recorded at Fz and Cz 

electrodes in time window 200-300 ms for ICB+ and ICB- groups. ICB+: persons 

with Parkinson’s disease and impulsive-compulsive behaviours; ICB-: persons with 

Parkinson’s disease without impulsive-compulsive behaviours.
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Figure 4. 6 Grand average FRN for negative-feedback trials for ICB+ and ICB- groups at the electrode Fz. Average waveforms are first 

computed across trials for each subject at electrode site Cz, and then the waveforms are averaged across subjects of each group. 
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Figure 4. 7 Grand average FRN for negative-feedback trials for ICB+ and ICB- groups at the electrode Cz. Average waveforms are first 

computed across trials for each subject at electrode site Cz, and then the waveforms are averaged across subjects of each group. 
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Z scores 

FRN scores of each participant have been converted as z scores, using means 

and SDs of the whole group of PwP (N=18). This allows to explore performance of 

each participant to identify whether there is a subgroup of PwP with similar clinical 

and demographic characteristics who shows blunted FRN. If FRN is a specific 

feature of a subgroup of individuals, differences between PwP with and without 

ICBs may not be evident. 

None of the PwP showed FRN amplitude 2 SD below the mean, therefore 

reflecting higher blunted FRN compared to the rest of the group. In both Fz and Cz 

electrodes, one participant of the ICB- group (participant 9, see Figures 4.8 and 4.9) 

showed FRN amplitude 2 SD above the mean, therefore reflecting higher FRN 

amplitude compared to the rest of the sample. All the other participants performed 

within ± 1.5 SD from the group mean. FRN z scores of each participant at Fz and Cz 

electrodes are presented in Figures 4.8 and 4.9. 
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Figure 4. 8 Feedback-related negativity (FRN) Z score for each participant at the 

electrode Fz. Blue dots represent persons with Parkinson’s disease and impulsive-

compulsive behaviours. Red dots represent persons with Parkinson’s disease but not 

impulsive-compulsive behaviours. 

 

Figure 4. 9 Feedback-related negativity (FRN) Z score for each participant at the 

electrode Cz. Blue dots represent persons with Parkinson’s disease and impulsive-

compulsive behaviours. Red dots represent persons with Parkinson’s disease but not 

impulsive-compulsive behaviours. 
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Discussion 

The main aim of the present pilot study was to explore whether PwP, 

irrespective of ICBs, show an association between FRN amplitude and risky 

behaviour in the BART. The secondary aim was to investigate, for the first time, 

FRN amplitude in PwP with and without ICBs providing data for calculating sample 

size for a fully powered study. 

The first key finding of this pilot study is that, when the two groups are 

merged together, FRN amplitude at Cz is positively correlated with the BART 

discrepancy score. This means that the more participants decreased their risky 

behaviour after a negative feedback, the larger was their FRN wave. It should be 

noted that ERP amplitude can be affected by trials number, in that fewer trials can 

lead to more extreme amplitude; therefore, it is possible that this association is 

mediated by trial number differences across sample. However, this is unlikely as 

FRN were calculated as mean amplitude within an interval, which is an unbiased 

measure. This means that mean amplitude is not more likely to produce consistently 

larger values in noisier waveforms (Luck, 2014).  

Using different paradigms, literature provides inconsistent findings about 

FRN during negative feedback in PD. During performance in the IGT, blunted FRN 

during negative feedback was reported in PwP (without distinguishing between 

ICB+ and ICB-) compared to healthy controls (Mapelli et al., 2014). Conversely, 

another study found preserved FRN during performance of a gambling task in PwP 

without apathy compared to healthy controls (Martinez-Horta et al., 2014). The 

present study cannot reconcile previous discrepant findings related to FRN 

amplitude in PD vs. non-PD population (Mapelli et al., 2014; Martinez-Horta et al., 

2014), as a healthy older adults control group was not included in the study. 
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Nonetheless, the present study adds to the broad literature indicating that, even if 

FRN during negative feedback may be blunted in PwP, they are able to process 

negative feedback in order to reduce risky behaviour during incentive-driven 

decision-making, as higher FRN are associated with reduction in risky behaviour 

after balloon burst.   

Interestingly, there were no associations between FRN and affective and 

motivational measures, although blunted FRN have been reported among depressed 

and nonclinical adults with high trait anxiety, and in apathetic PwP (Keren et al., 

2018; Martinez-Horta et al., 2014; Takács et al., 2015). Discrepancies with previous 

findings can be reconciled suggesting that, in PwP, associations between FRN and 

affective and motivational measures are only evident in groups with clinically 

significant affective and motivational changes. Separate analysis for PwP with and 

without depression, anxiety and apathy was not possible due to the low number of 

individuals with scores above the cut-offs (i.e., 4 PwP for depression, 2 for anxiety, 

and 6 for apathy). 

The second key finding is that, conversely from predictions, FRN amplitude 

during negative feedback does not differ between ICB+ and ICB-. The lack of 

between groups differences at the neurophysiological level were mirrored by 

comparable BART performances at the behavioural level, as both groups reduced 

their risky behaviour after negative feedback. The negative behavioural BART 

findings were evident regardless of considering the first 30 trials (as in the Studies 1 

and 3, Chapter 3) or the whole 120 trials. This is the first evidence of FRN amplitude 

in ICBs in PD, and this is in contrast with the wider addiction literature showing 

blunted FRN during the BART in individuals with behavioural addiction and 

substance abuse (Fein & Chang, 2008; Yau et al., 2015; Zhong et al., 2020). Blunted 
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FRN have been observed regardless of comparable behavioural performances, 

suggesting a higher sensitivity of the neurophysiological assessments compared to 

behavioural ones (Kóbor et al., 2015; Yau et al., 2015). 

There are at least two explanations for similar FRN in PwP with and without 

ICBs. 

The first explanation is that blunted FRN is an endophenotypic 

neurophysiological alteration of PD but not ICBs, which may be related to neural 

degeneration, to DRT, or both. This is supported by some (Mapelli et al., 2014), but 

not all studies (Holroyd, Praamstra, Plat, & Coles, 2002; Martinez-Horta et al., 

2014). DRT might prevent the dopaminergic dip during negative feedback, therefore 

impairing learning from negative feedback and promoting learning from positive 

feedback (Frank et al., 2004). It could be speculated that the DRT effect on negative 

feedback might be independent of ICBs. If this hypothesis is true, blunted FRN may 

not be by itself sufficient for preventing risky behaviour adjustments as supported by 

the association, in the present study, between FRN amplitude and risky behaviour in 

the BART. Future studies should investigate this hypothesis including ICB+, ICB- 

and healthy controls groups.  

The second explanation is that ICBs in PD are driven by enhanced sensitivity 

toward rewards instead of reduced sensitivity toward negative consequences. 

Previous studies show that PwP with ICBs make more risky choices in the gain vs. 

in the loss conditions (Voon, Gao, et al., 2011) and show increased ventral striatal 

dopaminergic released when exposed to reward-related visual cues (Wu et al., 2015). 

Heightened sensitivity toward rewards both “on” and “off” DRT has been 

documented in PwP with ICBs, whereas in those without ICBs sensitivity toward 

rewards is reduced when “off” DRT (Drew et al., 2020).  
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Positive feedback processing can be investigated looking at the P300, which 

is an ERP component characterized by a positive deflection peaking ~300 – 450 ms 

post-feedback. P300 reflects reward evaluation (Hajcak, Holroyd, Moser, & Simons, 

2005; Sato et al., 2005; Yeung & Sanfey, 2004); in particular, P300 seems to be 

sensitive to feedback valence, although other studies find that it encodes reward 

magnitude (Sato et al., 2005; Yeung & Sanfey, 2004). Unfortunately, the BART 

version used here prevents any analyses of positive feedback processing (e.g., by 

assessing P300 amplitudes for gain trials). Conversely from the losses that were 

unpredictable and known only through feedback, gains are known before the positive 

feedback is provided. In other words, when participants are exposed to the positive 

feedback (i.e., “congratulations, you have won XX$ money for this balloon”) they 

are already aware of the positive outcome of their action which is evident when 

participants decide to press the key to secure money in the bank. Knowledge of win 

is therefore clear earlier in the positive feedback conditions, creating a shift in the 

average waveforms. Furthermore, it is neither possible to analyse the specific 

moment in which the participants decide to stop inflating the balloon and taking the 

gain for the specific trial. This is because that decision is supported by a set of 

mental processes, which exacting timing is not possible to be identified and triggered 

for analysis. One of the advantages of EEG/ERP is the good temporal resolution. 

This means that they provide measurement of brain activity from one millisecond to 

the next (Woodman, 2010), which different time moments associated with different 

cognitive processes. Previous ERPs studies implemented a modified BART version 

that allows to analyse positive and negative feedback (Euser, van Meel, Snelleman, 

& Franken, 2011; Yau et al., 2015). However, in these modified versions 

participants do not consequently inflate the balloon but just type the target number of 
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pumps at the beginning of each trial. These modified versions miss the escalating 

feeling of risk that participants perceive when they accumulate greater potential 

rewards and are exposed to increasing possible losses by sequentially pumping the 

balloon (Schonberg et al., 2011). This is supported by evidence of brain activity 

reduction in the ventromedial prefrontal cortex when participants further extend the 

balloon (Schonberg et al., 2012).  

The secondary aim of providing data for calculating a-priori power analysis 

for a subsequent investigation of FRN in ICBs in PD was not met due to the small 

number of participants included in the study. Effect sizes estimates from small 

sample studies may be inaccurate leading to unpowered design (Albers & Lakens, 

2018; Leon, Davis, & Kraemer, 2011). Running pilot studies before larger studies is 

still crucial as they can identify modifications needed in the design of larger 

hypothesis testing studies (Leon et al., 2011). Small effect sizes estimate from small 

pilot studies should not preclude follow-up studies, and more investigations are 

needed to understand whether ICBs in PD are associated with blunted FRN. The 

tendency of researchers to not follow-up on pilot studies when facing small effect 

sizes estimates is named follow-up bias. Alternative approach to design future FRN 

studies in ICBs in PD may involve sequential analyses, which allows researchers to 

analyse the data multiple times (e.g., after 20, 40, 60, etc. participants have been 

collected) whilst controlling Type I error rates (Albers & Lakens, 2018; Lakens, 

2014). 

 

Limitations 

There are several limitations that should be acknowledged. 
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First, the study is limited by small sample size and therefore low statistical 

power which may have reduced the likelihood to find the true effect. Any 

interpretation of the results should be cautiously considered. In the PD literature, 

underpowered studies investigating FRN are frequent, with the smallest study 

including 9 PwP and 9 healthy controls (Holroyd et al., 2002) and the largest 

including 40 PwP (20 apathetic and 20 non-apathetic) and 11 healthy controls 

(Martinez-Horta et al., 2014). In the context of ICBs, recruitment is even harder as 

ICBs are a condition characterized by a feeling of shame making individuals 

reluctant in taking part in research. Furthermore, dyskinesias, which create artifacts 

in the EEG signal and may represent a reason for exclusion, is frequently reported in 

PwP with ICBs (Biundo et al., 2017; Voon et al., 2017) making recruitment even 

harder. These reasons may explain, at least in part, the paucity of EEG studies in 

PwP with ICBs. For example, there are only three studies using EEG in PwP with 

ICBs (Carriere et al., 2016; Meyer et al., 2020; Spay et al., 2019) and none of them 

investigated FRN.  

Second, the original BART version used prevents any FRN analysis in the 

positive trials. Future studies should investigate both positive and negative feedback 

processing, in the same PwP cohort with and without ICBs, using a task that does 

not eliminate the dynamic of the ongoing decision while increasing the risk; this is 

important as loss aversion and expectancy valence in the BART may change within 

a single trial during the pumping phase, which in turn may impact the ongoing risky 

behaviour (Euser et al., 2011).   

Third, the study lacks a control group of healthy older adults that could have 

provided baseline data for comparing data of PwP participants.  
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Finally, motor-related negative central cortical EEG potential (e.g., 

Bereitscshaftpotential) can occur 1-3 seconds before a self-initiated movement (Di 

Russo et al., 2017). It is unlikely that the FRN recorded in this study reflect pre-

motor Bereitscshaftpotential because FRN are recorded 1 second after a voluntary 

movement. Nonetheless, there was no limb EMG recording to ascertain that 

participants were not tense, or moving or clenching muscles at the time of the FRN 

or immediately after. Future study should also include EMG recording to exclude the 

possible confounding effect of pre-motor activity.  

 

Conclusions 

This pilot study shows that in PD reduced risky behaviour after loss is 

associated with higher FRN amplitude. However, when data of ICB+ and ICB- were 

analysed separately, FRN amplitudes did not differ between groups. The small 

sample size prevents a-priori power analysis. However, FRN during negative 

feedback in PwP with ICBs should be further investigated in follow-up studies, 

possibly using sequential analyses approach (Albers & Lakens, 2018; Lakens, 2014). 

This pilot study identified a modification needed in the design of a larger 

neurophysiological study, which is the implementation of a task that allows both 

positive and negative feedback processing. This is important for ascertain whether 

ICBs in PD may result from enhanced sensitivity toward rewards instead of reduced 

sensitivity toward punishments. 
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Key Findings 

● FRN amplitude in Cz positively correlates with sensitivity toward 

negative feedback, as measured by the difference between the average 

number of pumps pre- and post-balloons burst. 

● FRN during negative feedback does not differ between PwP with and 

without ICBs.  

● BART behavioural performance does not differ between PwP with 

and without ICBs. 
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Chapter 5 Brain Imaging Correlates 
 
 
This chapter presents the following two studies investigating brain imaging 

correlates of impulsive-compulsive behaviours (ICBs) in Parkinson’s disease (PD): 

1) Study 5: A systematic review of 30 structural and functional brain imaging 

studies comparing persons with Parkinson’s disease (PwP) with and without 

ICBs; 

2) Study 6: A systematic review and meta-analysis of 9 PET and SPECT studies 

comparing striatal functioning of PwP with and without ICBs; 

 

The final section of this chapter will present an interim conclusion of the main 

results integrated across the two studies. Both studies have been published (Martini, 

Dal Lago, Edelstyn, Salgarello, et al., 2018; Martini et al., 2020).   
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Study 5: Brain correlates of Impulsive-compulsive behaviours in Parkinson’s 

disease: a systematic review of neuroimaging studies10 

The study presented in this chapter has been published (Martini et al., 2020) and is 

reproduced with permission of the copyright holder. 

 

 

Abstract 

 Background: In Parkinson’s disease (PD), impulsive-compulsive behaviours 

(ICBs) may develop as side-effect of dopaminergic medications. Abnormal 

incentive-driven decision-making, which is supported by the cognitive control and 

motivation interaction, may represent an ICBs signature. This systematic review 

explored whether structural and/or functional brain differences between persons with 

PD (PwP) with vs. without ICBs encompass incentive-driven decision-making 

networks.  

Methods: Structural and functional neuroimaging studies comparing PwP 

with and without ICBs, either drug naïve or medicated, were included.  

Results: Thirty articles were identified. No consistent evidence of structural 

alteration both in drug naïve and medicated PwP were found. Differences in 

connectivity within the default mode, the salience and the central executive networks 

predate ICBs development and remain stable once ICBs are fully developed. 

Medicated PwP with ICBs show increased metabolism and cerebral blood flow in 

orbitofrontal and cingulate cortices, ventral striatum, amygdala, insula, temporal and 

supramarginal gyri during resting-state, and increased activity in ventral striatum, 

 
10 Martini, A., Tamburin, S., Biundo, R., Weis, L., Antonini, A., Pizzolo, C., Leoni, G., Chimenton, 
S. & Edelstyn, N. M. (2020). Incentive-driven decision-making networks in de novo and drug-treated 
Parkinson's disease patients with impulsive-compulsive behaviors: A systematic review of 
neuroimaging studies. Parkinsonism & Related Disorders, 78, 165-177. 
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cingulate cortex, ventromedial prefrontal and orbitofrontal cortices, subthalamic 

nucleus and inferior frontal gyrus during reward-based task performance. Reduced 

frontostriatal and increased mesolimbic connectivity was reported in PwP with ICBs.  

Discussion: Functional brain signatures of ICBs in PD encompass areas 

involved in cognitive control and motivational encoding networks of the incentive-

driven decision-making. Functional alterations predating ICBs may be related to 

abnormal synaptic plasticity in these networks. 

 

 



302 
 

Introduction 

Individuals with ICBs are unable to resist or have diminished control over an 

appetitive urge, such as craving, to engage in behaviours that include gambling, 

sexual activity, eating, shopping. Engaging in such behaviours gives rise to feelings 

of pleasure or hedonia, but, left uncontrolled, can lead to relationship breakdown, 

financial difficulties, and health problems (American Psychiatric Association, 2013). 

Despite the pervasive nature of ICBs in PD and their negative impact, much remains 

to be elucidated about their neural correlates. 

Incentive-driven decision-making, which refers to decision made to engage 

in a hedonic activity, is a result of weighing up the predicted benefits of following 

that particular goal, traded-off against the effort involved in achieving the goal, the 

risk involved and the time to outcome delivery, versus the alternative option(s) that 

are not pursued (Botvinick & Braver, 2015; Sinha et al., 2013). There is a consensus 

of opinion that incentive-driven decision-making is supported by cognitive control 

and motivation, which are intrinsic and closely interrelated aspects, and will 

therefore impact on the extent to which the goal directed behaviour is regulated, or 

not as in the case of ICBs (Botvinick & Braver, 2015).  

Cognitive control reflects the ability to flexibly organise and control the 

selection and deployment of on-going cognitive processes that include attention, 

memory, action-planning, and co-ordinate their activity to ensure successful delivery 

of goals in multitask environments (Badre & Nee, 2018). Once options are generates, 

cognitive control is crucial for the ‘option selection’ and ‘action initiation or 

inhibition’ stages of the incentive-driven decision-making (Sinha et al., 2013). 

Motivation can be defined as follows ‘when an external or internal incentive 

alters the biological system (i.e., generates a ‘motivated state’) to stimulate an 
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observable change in behaviour’ (Yee & Braver, 2018). In other words, motivational 

states can be induced by offering rewards or negative incentives that lead to changes 

in cognitive control and influence behaviour (Cubillo, Makwana, & Hare, 2019). 

This highly dynamic and (two-way) interactive relationship is further influenced by 

individual differences in sensitivity to reward and punishment (Capa & Bouquet, 

2018; Cubillo et al., 2019) and by modulation of the dopaminergic system (e.g., by 

dopamine replacement therapy (DRT)) (Pessiglione et al., 2006). 

Evidence from cognitive neuroscience research suggests that incentive-driven 

decision-making reflect interactions between at least two brain networks: the central 

one is involved in cognitive control and the other one governs the intensity of control 

conveying motivational signals (i.e., reward value) (Yee & Braver, 2018). 

In a recent review, Badre and Nee (2018) suggest that cognitive control relies 

on frontal regions that interact via a local and global hierarchical structure. At the 

lowest level of the hierarchy, projections between the mid-dorsolateral prefrontal 

cortex (mid-DLPFC) and premotor to motor cortex, and frontal eye fields support 

sensory-motor control. Rostrolateral prefrontal cortex occupies the intermediate level 

and has responsibility for domain-specific control of behaviour, forming ‘schema’ 

from specific episodic information. At the apex of the hierarchy, and residing 

between caudal and rostral lateral prefrontal cortex, lies the mid-DLPFC that 

supports domain-general control based on abstract rules and concepts (Badre & Nee, 

2018). 

A parallel dopaminergic network, which comprises the ventral striatum, the 

anterior cingulate cortex and, minimally, the dorsomedial frontal cortex has been 

suggested to govern the intensity of control amongst the networks conveying 

motivational signals (Botvinick & Braver, 2015). Dorsomedial frontal cortex 
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interacts with rostrolateral and DLPFC during performance monitoring and 

prediction error detection, implying that the two systems work together in ‘deciding’ 

whether the salience or value of the incentives are worth increasing the strength of 

control and accepting the greater subjective cost that control involves (Frank & 

Claus, 2006; Kurniawan et al., 2010; Zarr & Brown, 2016). 

Thus, returning to PD, individuals with ICBs show impairment in incentive-

driven decision-making (Study 2) (Martini, Dal Lago, Edelstyn, Grange, et al., 2018; 

Martini, Ellis, et al., 2018; Rossi et al., 2010), that are evident in diminished control 

over reward-seeking behaviours in real life. Therefore, we may expect abnormal 

structural changes and/or functional activation in rostrolateral prefrontal cortex, mid-

DLPFC cortex, dorsomedial prefrontal cortex, ventral striatum and anterior cingulate 

cortex in ICBs compared to non-ICBs PwP. If present in drug naïve PwP, then, these 

differences may represent indicators of vulnerability to ICBs.  

 

Aim 

The aim of this study was to systematically review structural and functional 

brain imaging studies to investigate whether ICBs in PD are associated with changes 

in the incentive-driven decision-making networks. The presence of these 

abnormalities were also explored in drug naïve PwP as indicator of vulnerability 

trait. This systematic review included magnetic resonance imaging (MRI) and 

perfusion brain positron emission tomography (PET) or single-photon emission 

computed tomography (SPECT) imaging studies. Neuropharmacological PET or 

SPECT studies were not included as they provide neuropharmacological instead of 

anatomical data. Furthermore, Neuropharmacological PET or SPECT studies’ 

findings are explored in the following study of this thesis (Study 6).  
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Method 

Study design, participants and comparators 

A systematic review was conducted to verify whether ICBs in PD are 

associated with changes in the incentive-driven decision-making brain networks. 

Studies were selected if they compared PwP with one or more ICBs (ICB+) to those 

without any ICBs (ICB-). Findings are presented separately for drug naïve PwP and 

those treated with DRT. 

 

Search strategy 

On the 10th of August 2018, PubMed, Cochrane, EBSCO, and ISI Web of 

Science databases were searched for peer-reviewed papers in English, Spanish or 

Italian published since database inception. The search was further updated on the 

30th of March 2020. The protocol of the systematic review was pre-registered in 

PROSPERO (ID: CRD42018106365).   

Each database was searched twice for structural and functional imaging 

studies. For structural studies the following search string was used: (Parkinson’s 

disease) AND (impulse control disorders OR impulse control disorder OR impulsive 

compulsive behaviors OR impulsive compulsive behaviours OR impulsive 

compulsive behavior OR impulsive compulsive behaviour OR ICD OR ICB)) AND 

(voxel-based OR morphometry OR VBM OR MRI OR structural magnetic 

resonance imaging OR diffusion spectrum imaging OR diffusion MRI OR DTI OR 

DSI OR diffusion magnetic resonance imaging).  

For functional studies the following search string was used: ((Parkinson’s 

disease) AND (impulse control disorders OR impulse control disorder OR impulsive 
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compulsive behaviors OR impulsive compulsive behaviours OR impulsive 

compulsive behavior OR impulsive compulsive behaviour OR ICD OR ICB)) AND 

(fMRI OR functional magnetic resonance imaging OR functional MRI OR 

neuroimaging OR PET OR SPECT OR Positron emission tomography OR Single 

Photon Emission Computed Tomography OR FDG OR ASL). 

 

Selection criteria 

The following inclusion criteria were applied: 1) between-group comparison 

between ICB+ and ICB- PwP; 2) ICBs status determined using clinical interviews 

based on published or proposed criteria and/or rating scales with evidenced construct 

validity, and defined rates of sensitivity and specificity; 3) neuroimaging studies 

reporting grey matter structure using voxel-based morphometry (VBM) performed 

on structural MRI (sMRI), white matter connectivity using diffusion tensor imaging/ 

diffusion weighted imaging analysis (DTI)/(DWI) performed on sMRI, functional 

activation and functional connectivity using blood oxygen level dependent (BOLD) 

signal in functional MRI (fMRI), or brain perfusion using PET or SPECT at rest to 

investigate changes in regional cerebral blood flow. 

The following exclusion criteria were applied: 1) studies including PwP with 

dementia; 2) other neurological conditions other than PD; 3) alcohol or any 

substance use disorder either at the moment when PwP were tested or in the past, 

because these conditions might be independently associated with structural and 

functional brain changes. Finally, 4) studies not screening for the absence of all ICBs 

types in the ICB- groups were not included. 
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Data extraction 

The following demographic and clinical data, if available, were extracted: 

age at participation, age at PD onset, PD duration, Hoehn and Yahr (H&Y) PD stage, 

antidepressant use, medication status (drug naïve or treated). The following 

information were also extracted: total dopaminergic medication equivalent daily 

dose (total LEDD), levodopa LEDD (LD-LEDD), dopamine agonist LEDD 

(DAED), and motor symptom severity “on” and/or “off” medication using the 

Unified Parkinson’s Disease Rating Scale motor section (UPDRS-III), type of ICB, 

ICBs screening tools, variables that were matched between groups, and criteria used 

for defining “on” and “off” medication state (for functional studies only). 

The main outcomes for the structural imaging studies were the differences 

between ICB+ and ICB- groups in cortical and subcortical grey matter density 

measured with VBM, cortical thickness (Cth), and subcortical white matter tract 

metrics assessed using DTI/DWI. 

The main outcomes for the functional studies were the differences between 

ICB+ and ICB- groups in connectivity during resting state fMRI (rs-fMRI), brain 

perfusion during resting state, using PET or SPECT and brain activation during task 

performance using fMRI. 

 

Results 

Search results 

The search terms turned up 720 papers. Four hundred and twenty-three of 

these papers were identified as duplicates and removed. The title and abstract of the 

remaining 299 papers were screened, independently, by two reviewers (AM and SC 

in the first search, AM and CP in the updating) using Rayyan software (Ouzzani et 
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al., 2016). A final subset of thirty-nine papers were identified for full-text reading. 

The reference lists of these papers were also hand searched for relevant papers. A 

further nine papers were excluded, leaving a final set of 30 papers to go forward into 

the systematic review. The inter-rater agreement between the two reviewers was 

100%. 

Of the final 30 papers, 12 evaluated structural alterations (Biundo et al., 

2011, 2015; Canu et al., 2017; Hammes et al., 2019; Hlavatá et al., 2020; Mosley et 

al., 2019; Pellicano et al., 2015; Prasad et al., 2019; Ricciardi et al., 2018; Tessitore 

et al., 2016; Yoo, Lee, et al., 2015; Zadeh, Ashraf-Ganjouei, Sherbaf, Haghshomar, 

& Aarabi, 2018), 12 evaluated functional alterations (Cilia et al., 2011, 2008; 

Claassen et al., 2017; Frosini et al., 2010; Girard et al., 2019; Loane et al., 2015; 

Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 2020; Petersen et al., 2018; Politis 

et al., 2013; Tessitore, Santangelo, et al., 2017; Verger et al., 2018), and 6 included 

both structural and functional measures (Carriere et al., 2015; Imperiale et al., 2018; 

Marín-Lahoz et al., 2020; Markovic et al., 2017; Ruitenberg et al., 2018; Tessitore, 

De Micco, et al., 2017). The study of Hammes et al. (2019) was included in the 

structural section only, as no between groups analysis was performed for functional 

alteration analysis. The study of Tessitore, Santangelo et al. (2017) was included in 

the functional section only as the sample and the structural alteration analysis were 

the same as Tessitore et al. (2016). List of studies excluded at the full-text screening 

stage with reasons for exclusions is provided in the Appendix AR. The PRISMA 

diagram of the systematic review is shown in Figure 5.1.
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Figure 5. 1 PRISMA diagram of the study (www.prisma-statement.org). ICBs: 

impulsive-compulsive behaviours. ICB+: persons with Parkinson’s disease and 

ICBs; ICB-: persons with Parkinson’s disease without ICBs; MRI: magnetic 

resonance imaging.

Records identified through 
database searching (n = 720) 

 
PubMed (n = 230) 
Cochrane (n = 32) 
EBSCO (n = 184) 

ISI Web of Science (n = 
274) 

Additional records 
identified through 

other sources 
(n = 2) 

Records after duplicates 
removed 
(n = 297) 

Records screened 
(n = 299) 

Records excluded 
(n = 260) 

Full-text articles 
assessed for 
eligibility 
(n = 39) 

Full-text articles excluded, with 
reasons 
(n = 9) 

 
ICBs diagnostic procedure not 

described = 1 
No ICB+ vs. ICB- MRI 

comparison = 1  
Not all ICBs screened = 4 

Dementia not clearly excluded = 
1 

Previous or current substance use 
disorder = 2 

Studies included in 
qualitative synthesis 

(n = 30) 
 

Structural only = 12  
Functional only = 

12 
Structural and 
functional = 6 
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Structural studies 

Drug naïve Persons with Parkinson’s disease. Three studies examined ICBs 

in drug naïve PwP. Two were longitudinal (Ricciardi et al., 2018; Tessitore, De 

Micco, et al., 2017), and the other one was cross-sectional in design (Zadeh et al., 

2018). 

The two longitudinal studies examined differences in local grey matter 

density using VBM (Ricciardi et al., 2018; Tessitore, De Micco, et al., 2017). 

Ricciardi et al. (2018) also measured Cth. Zadeh et al. (2018) examined subcortical 

white matter tracts using DTI. 

 

Demographic and clinical characteristics. In the cross-sectional study, the 

groups were matched for age, PD duration and PD stage, and motor symptoms 

severity (UPDRS-III) (Zadeh et al., 2018). Retrospective analysis of the baseline 

data for the drug naïve PwP who went on to developed ICBs at follow-up versus 

those who did not were also well matched for clinical and demographic 

characteristics (Ricciardi et al., 2018; Tessitore, De Micco, et al., 2017). 

Demographic and clinical characteristics of the three studies are provided in Table 

5.1. 
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Table 5. 1 Demographic and clinical characteristics of the structural studies on drug naïve PwP. 

 

Legend. H&Y: Hoehn & Yahr score; ICBs: impulsive-compulsive behaviours; ICB+: PwP with ICBs; ICB-: PwP without ICBs; N: number of 

PwP; NR: not reported; PD: Parkinson’s disease; PwP: persons with Parkinson’s disease; Pts: PwP; Ref: reference; UPDRS-III: unified 

Parkinson’s disease rating scale part III (motor subscale) score assessed in unmedicated drug naïve PwP; y: years. *Mean (SD) unless otherwise 

stated **months. 

 

Ref Pts (males) Age (y)* PD onset (y)* PD duration (y)* H&Y* UPDRS-III 
(OFF)* 

Antidepressant 
(N) 
 

Longitudinal        
Ricciardi el al. 
(2018)  
 

ICB+: 42 (28) 
ICB–: 42(30) 

ICB+: 62.6 (9.6)  
ICB–: 62.2 (9.1)  
 

NR ICB+: 43.8 (17.3) ** 
ICB–: 61.7 (29.5) ** 
 

ICB+: 1.8 (0.5)  
ICB–: 1.7 (0.5)  
 

ICB+: 22.3 (9.6)  
ICB–: 20.6 (9.8)  
 

NR 

Tessitore, De 
Micco et al. (2017)  
 

ICB+: 15 (5) 
ICB–: 15 (6) 

ICB+: 57 (9.7)  
ICB–: 58.2 (7.3)  
 

NR ICB+: 1.4 (0.5) 
ICB–: 1.3 (0.5) 
 

ICB+: 1.1 (0.3)  
ICB–: 1.2 (0.4) 
 

ICB+: 15.7 (6) 
ICB–: 16.4 (6) 
 

NR 

Cross-sectional         
Zadeh et al. (2018) 
 

ICB+: 21 (14) 
ICB–: 68 (44) 
 

ICB+: 57.7 (9.8)  
ICB–: 59.1 (9.5)  
 

NR ICB+: 10.4 (10.5)  
ICB–: 5.8 (5.3)  
 

ICB+: 1.6 (0.5) 
ICB–: 1.6 (0.5) 
 

ICB+: 21.1 (8.5)  
ICB–: 21.4 (8.8)  
 

NR 
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Cortical and subcortical volume. Baseline and follow-up VBM measures did 

not dissociate between groups of drug naïve PwP who went on to develop ICBs from 

those who did not (Ricciardi et al., 2018; Tessitore, De Micco, et al., 2017).  

 

Cortical thickness. There was no difference in Cth at either baseline or 

follow-up between groups of drug naïve PwP who went on to develop ICBs from 

those who did not (Ricciardi et al., 2018). 

 

Subcortical diffusion tensor imaging study. The single cross-sectional study 

evidenced decreased bilateral white matter connectivity in the cortico-thalamic tract, 

the cortico-pontine tract, the corticospinal tract, the superior cerebellar peduncle, and 

the middle cerebellar peduncle in drug naïve ICB+ compared to ICB- PwP (Zadeh et 

al., 2018). 

Key details of the three studies including imaging technique, PwP numbers, 

ICBs type, matching/unmatching variables, and outcome are provided in Table 5.2. 
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Table 5. 2 Results of the three structural studies on drug naïve PwP.  

Ref. Imaging 

technique 

Subjects  ICBs 

diagnosis 

ICBs type: N Matching 

variables 

Unmatching 

variables 

Differences in brain 

regions 

Findings:  

ICB+ vs. ICB- 

Longitudinal 

Ricciardi 
el al. 
(2018)   

VBM, Cth   ICB+: 42  
ICB-: 42  

QUIP NR Sex, age, 
education, PD 
duration, H&Y, 
UPDRS-III, 
DAED, GDS 

Total LEDD: 
ICB+>ICB-; 
MoCA: 
ICB+<ICB-; 
Anxiety 
(STAI): 
ICB+>ICB-  

No differences  ICB+ = ICB- 

Tessitore, 
De Micco 
et al. 
(2017)  

VBM ICB+: 15  
ICB-: 15  

QUIP-rs; 
clinical 
interview 

HS:6; BE:5; 
GD:2; CS:2   

Sex, age, 
education, PD 
duration, H&Y, 
UPDRS-III, 
total LEDD; 
DAED, BDI-II, 
MMSE 

NR No differences ICB+ = ICB- 

Cross-sectional  
Zadeh et 
al. (2018)  

Diffusion MRI 
connectometry  

ICB+: 21 
ICB–: 68  

QUIP HS: 1; CS: 1; BE: 
8; HB: 2; 
Punding: 5; 
walking/driving+
HS: 2; 
BE+ punding: 1; 
CS+HS: 1; 
CS+BE+punding: 
1 

Sex, age, 
education, PD 
duration, H&Y, 
UPDRS-III, 
MoCA score 

Depression 
(GDS): 
ICB+<ICB- 

Decreased bilateral 
white matter 
connectivity in the 
cortico-thalamic tract, 
the cortico-pontine 
tract, the corticospinal 
tract, the superior and 
middle cerebellar 
peduncles 

ICB+ ↓ 
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Legend. BDI-II: Beck depression inventory II; BE: binge eating; CS: compulsive shopping; Cth: cortical thickness; GD: gambling disorder; 

GDS: geriatric depression scale; HB: hobbyism; HC: healthy controls; H&Y: Hoehn & Yahr score; HS: hypersexuality; ICBs: impulsive 

compulsive behaviours; ICB+: PwP with ICBs; ICB-: PwP without ICBs; Total LEDD: levodopa equivalent daily dose total; DAED: dopamine 

agonists equivalent daily dose; MoCA: Montreal cognitive assessment; MRI: magnetic resonance imaging; NR: not reported; PwP: persons with 

Parkinson’s disease; ref.: reference; QUIP: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease; QUIP-rs: Questionnaire 

for Impulsive-Compulsive Disorders in Parkinson’s disease – rating scale; STAI: State-Trait anxiety inventory; UPDRS-III: unified Parkinson’s 

disease rating scale part III (motor subscale) score; VBM: voxel-based morphometry.  
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Dopaminergic replacement therapy-medicated Persons with Parkinson’s 

disease. A total of 15 cross-sectional studies reported sMRI findings associated to 

ICBs in medicated PwP. Three studies reported grey matter cortical volume using 

VBM (Biundo et al., 2011; Ruitenberg et al., 2018; Tessitore et al., 2016). Eight 

reports explored subcortical volumes for a set of a priori regions of interest using 

sMRI (Biundo et al., 2015; Hlavatá et al., 2020; Imperiale et al., 2018; Marín-Lahoz 

et al., 2020; Markovic et al., 2017; Pellicano et al., 2015; Prasad et al., 2019; 

Ruitenberg et al., 2018). Cth was reported in 10 studies (Biundo et al., 2015; Carriere 

et al., 2015; Hammes et al., 2019; Hlavatá et al., 2020; Imperiale et al., 2018; Marín-

Lahoz et al., 2020; Markovic et al., 2017; Pellicano et al., 2015; Prasad et al., 2019; 

Tessitore et al., 2016), and subcortical white matter changes using DTI/DWI were 

described in further four studies (Canu et al., 2017; Imperiale et al., 2018; Mosley et 

al., 2019; Yoo, Lee, et al., 2015). 

 

Demographic and clinical characteristics. ICB+ and ICB- were matched for age 

at evaluation (Canu et al., 2017; Carriere et al., 2015; Imperiale et al., 2018; Marín-

Lahoz et al., 2020; Markovic et al., 2017; Pellicano et al., 2015; Prasad et al., 2019; 

Ruitenberg et al., 2018; Tessitore et al., 2016; Yoo, Lee, et al., 2015), age at PD 

onset (Canu et al., 2017; Imperiale et al., 2018; Markovic et al., 2017; Pellicano et 

al., 2015; Prasad et al., 2019; Ruitenberg et al., 2018), PD duration (Biundo et al., 

2011; Canu et al., 2017; Carriere et al., 2015; Hlavatá et al., 2020; Imperiale et al., 

2018; Marín-Lahoz et al., 2020; Markovic et al., 2017; Prasad et al., 2019; 

Ruitenberg et al., 2018; Tessitore et al., 2016; Yoo, Lee, et al., 2015) and PD stage 

(Biundo et al., 2015; Canu et al., 2017; Carriere et al., 2015; Hlavatá et al., 2020; 

Imperiale et al., 2018; Markovic et al., 2017; Prasad et al., 2019; Tessitore et al., 
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2016; Yoo, Lee, et al., 2015), motor symptoms severity (Biundo et al., 2011, 2015; 

Canu et al., 2017; Carriere et al., 2015; Imperiale et al., 2018; Marín-Lahoz et al., 

2020; Markovic et al., 2017; Prasad et al., 2019; Ruitenberg et al., 2018; Tessitore et 

al., 2016; Yoo, Lee, et al., 2015), total LEDD (Biundo et al., 2011; Canu et al., 2017; 

Carriere et al., 2015; Hlavatá et al., 2020; Imperiale et al., 2018; Marín-Lahoz et al., 

2020; Markovic et al., 2017; Pellicano et al., 2015; Prasad et al., 2019; Ruitenberg et 

al., 2018; Tessitore et al., 2016; Yoo, Lee, et al., 2015), LD-LEDD (Markovic et al., 

2017; Prasad et al., 2019) and DAED (Biundo et al., 2011, 2015; Carriere et al., 

2015; Imperiale et al., 2018; Marín-Lahoz et al., 2020; Markovic et al., 2017; 

Pellicano et al., 2015; Tessitore et al., 2016; Yoo, Lee, et al., 2015). In the remaining 

studies, ICB+ and ICB- groups were either not matched for a subset of clinical or 

key demographic characteristics (see points i-iv) below, or clinical information was 

not reported (see points v). 

i. ICB+ compared to ICB- were younger and they had a younger age at PD 

onset but they were matched for PD duration, motor symptom severity, and 

total and DAED. Age was included as covariate in the analyses (Biundo et 

al., 2011).  

ii. ICB+ vs. ICB- were younger, had earlier PD onset, longer PD duration, and 

higher total LEDD, but comparable PD stage, motor symptoms severity and 

DAED. Age at evaluation, PD duration and total LEDD were included as 

covariates in the analysis (Biundo et al., 2015).  

iii. ICB+ had longer PD duration, advanced disease stage and worse motor 

symptoms severity than ICB- group (Pellicano et al., 2015). 



317 
 

iv. ICB+ had higher DAED compared to ICB- but were comparable age at 

evaluation, age at PD onset, disease duration, PD stage, motor symptoms in 

“off” condition, total LEDD and LD-LEDD (Prasad et al., 2019).  

v. No demographic or clinical characteristics were reported in two studies 

(Hammes et al., 2019; Hlavatá et al., 2020), while in seven studies the 

following information was omitted: age at PD onset (Carriere et al., 2015; 

Mosley et al., 2019; Tessitore et al., 2016; Tessitore, Santangelo, et al., 2017; 

Yoo, Lee, et al., 2015), PD stage (Biundo et al., 2011; Ruitenberg et al., 

2018) and DAED (Canu et al., 2017; Mosley et al., 2019; Ruitenberg et al., 

2018). 

Demographic and clinical characteristics of the 15 studies are provided in Table 5.3. 
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Table 5. 3 Demographic and clinical characteristics of the fifteen structural studies on DRT PwP. 

Ref Pts (males) Age (y)* PD onset (y)* PD duration (y)* H&Y* UPDRS-III* Antidepressant 
(N) 

Cross-sectional 
Biundo et al. 

(2011) 

 

ICB+: 33 (18) 

ICB–: 24 (17)  

 

ICB+: 61.3 (10.2) 
ICB–: 70.4 (6.8) 
 

ICB+: 53.2 (10.6) 
ICB–: 60.5 (10.0) 
 

ICB+: 8.8 (4.8) 

ICB–: 8.9 (5.4) 

 

NR ON:  

ICB+: 30.2 (13.2)  

ICB-: 32.3 (12.8) 

OFF: NR 

 

NR 

Biundo et al. 

(2015) 

ICB+: 58 (38) 

ICB–: 52 (32)  

 

ICB+: 60.3 (9.3) 
ICB–: 63.1 (10.2)  

ICB+: 50.1 (12.1)  
ICB–: 54.7 (11.6)  

ICB+: 9.0 (5.5) 
ICB–: 8.0 (5.7) 
 

ICB+: 2.4 (0.7) 

ICB–: 2.3 (0.7) 

 

ON:  

ICB+: 26.7 (16.5) 

ICB–: 28.5 (12.3) 

OFF: NR 

 

NR 

Canu et al. 

(2017) 

 

ICB+: 21(18) 

ICB–: 28 (19)  

 

ICB+: 63.8 (8.8) 

ICB-: 63.6 (6.5) 

 

ICB+: 54.3 (9.9) 

ICB-: 53.9 (8.0) 

 

ICB+: 9.4 (5.4)  

ICB-: 9.7 (5.4)  

 

ICB+: 2.5 (0.9) 

ICB-: 2.6 (0.5) 

 

ON:  

ICB+: 43.9 (13.5)  

ICB-: 47.3 (8.2) 

OFF: NR 

 

NR 

Carriere et 

al. (2015) 

 

ICB+: 19 (15) 

ICB–: 17 (13)  

  

ICB+: 57.4 (8.9)   

ICB–: 57.4 (8) 

  

NR ICB+: 6.9 (3.8)  

ICB–: 7.2 (4.2) 

 

ICB+: 2.4 (0.6)  

ICB–: 2.3 (0.5)  

 

ON:  

ICB+: 20.5 (7.7) 

ICB–: 19.6 (7.9)  

OFF: NR 

 

ICB+: 1 ICB-: 2 

(SSRI) 

 

Hammes et 

al. (2019) 

 

ICB+: 18 (NR) 

ICB-: 44 (NR) 

NR NR NR NR NR NR 

Hlavatà et al. 

(2020)§ 
ICB+: 15 (11) 

ICB–: 22 (10)  

 

ICB+:  59.27 (8.88)  
ICB-: 69.18 (5.47) 

ICB+: 50.80 (9.64) 
ICB-: 62.55 (6.25) 
 

ICB+: 8.87 (4.17)  

ICB-: 6.95 (4.63)  

ICB+: 2.53 (0.64)  

ICB-: 2.48 (0.66) 

NR 

 

NR 
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Table 5.3 (continued) Demographic and clinical characteristics of the fifteen structural studies on DRT PwP. 

Ref Pts (males) Age (y)* PD onset (y)* PD duration (y)* H&Y* UPDRS-III* Antidepressant 
(N) 

Imperiale et 

al. (2018) 

 

ICB+: 35 (30) 

ICB–: 50 (36)  

 

ICB+: 62.0 (10.4)  

ICB–: 61.5 (8.9) 

  

ICB+: 52.5 (10.4)  

ICB–: 52.5 (8.2)  

 

ICB+: 9.5 (5.2)  

ICB–: 9.0 (6.1)  

 

ICB+: 2.7 (0.8)  

ICB–: 2.5 (0.7)  

 

ON:  

ICB+: 47.2 (15.5)  

ICB–: 43.5 (12.4)  

OFF: NR 

 

NR 

Marìn-Lahoz 

et al. (2020) 

ICB+: 9 (5) 

ICB–: 15 (8) 

 

ICB+: 70.2 (8.4)  

ICB-: 70.8 (6.8) 

 

NR ICB+: 4.5 (2.5)  

ICB-: 6.1 (2.2) 

NR 

 

ON:  

ICB+: 29.0 (6.7) 

ICB-: 28.7 (9.6) 

OFF: NR 

 

 

NR 

Markovic et 

al. (2017) 

 

ICB+: 22(19) 

ICB–: 30 (21)  

 

ICB+: 63.1 (9.2)  

ICB–: 63.9 (6.6)  

 

ICB+: 54.0 (9.8)  

ICB–: 54.0 (7.8) 

 

ICB+: 9.1 (5.4)  

ICB–: 9.9 (5.3)  

 

ICB+: 2.5 (0.9)  

ICB–: 2.6 (0.5)  

 

ON:  

ICB+: 43.1 (13.7) 

ICB–: 47.2 (8.0)  

OFF: NR 

 

NR 

Mosley et al. 

(2019) 

 

ICB+: 17 (NR) 

ICB-: 40 (NR) 

NR NR NR NR NR NR 

Pellicano et 

al. (2015) 

ICB+: 18 (16) 

ICB–: 18 (14)  

 

ICB+: 56.6 (9) 

ICB–: 55.8 (8) 

 

ICB+: 46.2 (10) 

ICB–: 49.4 (8) 

 

ICB+: 10.4 (4.8) 
ICB–: 6.4 (4.8) 
 

ICB+: 2.3 (0.5)** 
ICB–: 1.9 (0.5)** 
 

ON: NR 

OFF:  

ICB+: 43 (11)  
ICB–: 28 (10)  
 

NR 

Prasad et al. 

(2019) 

 

ICB+: 11 (8) 

ICB–: 15 (12)  

 

ICB+: 57.18 (7.90) 

ICB–: 54.20 (7.60) 

 

ICB+: 49.54 (6.84) 

ICB–: 50.06 (8.90) 

 

ICB+: 7.63 (2.49) 

ICB–: 6.45 (2.3) 

 

ICB+: 2.09 (0.41) 

ICB-: 1.90 (0.50) 

ON: NR 

OFF:  

ICB+: 37.54 (10.43) 

ICB-: 30.9 (8.17) 

 

NR 
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Table 5.3 (continued) Demographic and clinical characteristics of the fifteen structural studies on DRT PwP. 

Ref Pts (males) Age (y)* PD onset (y)* PD duration (y)* H&Y* UPDRS-III* Antidepressant 
(N) 

Ruitenberg 

et al. (2018) 

ICB+: 21 (14) 

ICB–: 30 (19) 

ICB+: 60 (5)  

ICB–: 62 (8) 

ICB+: 55.9 (6.2)  

ICB–: 58.1 (8.4)  

ICB+: 57.3 

(30.7) *** 

ICB–: 44.2 (37.7) 
*** 

NR ON:  

ICB+: 25.9 (9.9) 

ICB–: 25.3 (9.5)  

OFF: NR 

 

NR 

Tessitore et 

al. (2016) 

ICB+: 15 (13) 

ICB–: 15 (12) 

 

ICB+: 62.9 (8.6)  

ICB–: 63.1 (8)  

 

NR ICB+: 5.3 (2.9) 

ICB–: 6.6 (3.9) 

 

ICB+: 2.5 (0.6) 

ICB-: 2.5 (0.7)  

 

ON:  

ICB+: 10.9 (4.5) 

ICB–: 12.1 (4.4) 

OFF: NR 

 

No 

Yoo et al. 

(2015) 

ICB+: 10 (7) 

ICB–: 9 (6) 

 

ICB+: 54.5 (6.2)  

ICB–: 59.6 (8.6) 

 

NR ICB+: 10.2 (7.3)  

ICB–: 10.6 (3.9)  

 

ICB+: 2.4 (0.5) 

ICB–: 2.2 (0.4)  

 

ON:  

ICB+: 14.6 (11.5)  

ICB–: 14.4 (8.0)  

OFF: NR 

 

NR 

 
 
 
 
 
 
 
 



321 
 

Table 5.3 (continued). Demographic and clinical characteristics of the fifteen structural studies on DRT PwP. 

Ref Total LEDD* LD-LEDD* 
 

DAED* 

Biundo et al. (2011) ICB+: 556.8 (304.6) 

ICB–: 497.4 (341.2) 

 

NR ICB+: 186.5 (149.3) 

ICB–: 165.8 (108.8) 

Biundo et al. (2015) ICB+: 923.1 (474.1) 
ICB–: 722.6 (498.5) 
 

NR ICB+: 163.7 (111.3) 

ICB–: 148.9 (105.0) 

 

Canu et al. (2017) 

 

ICB+: 908.8 (342.5)  

ICB-: 936.4 (303.8)  

 

NR NR 

Carriere et al. (2015) 

 

ICB+: 908 (492)  

ICB–: 817 (463)  

 

NR ICB+: 243 (114)   

ICB–: 336 (223)   

Hammes et al. (2019) 

 

 

NR NR 

 

NR 

 

Hlavatà et al. (2020) 

 

 

ICB+: 1289.75 (543.97) 

ICB-: 1025.46 (567.18) 

 

NR 

 

 

NR 

 

 

Imperiale et al. 

(2018) 

 

ICB+: 966.3 (438.7)  

ICB–: 800.8 (414.6)  

 

NR ICB+: 228.1 (164)  

ICB–: 255.5 (191.2)  

 

 

Marìn-Lahoz et al. 

(2020) 

ICB+: 634.2 (352.4)  

ICB-: 627.1 (205.5) 

NR ICB+: 175.3 (91.1) 135.6 

(118.3) 

 

Markovic et al. 

(2017) 

 

ICB+: 887.9 (348.3)  

ICB–: 934.8 (302.8)  

 

ICB+: 644 (411.5)  

ICB–: 415 (397.3)  

 

ICB+: 269.1 (141.2) 

ICB–: 315.7 (177.8)  
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Table 5.3 (continued). Demographic and clinical characteristics of the fifteen structural studies on DRT PwP. 

Ref Total LEDD* LD-LEDD* 
 

DAED* 

 

Mosley et al. (2019) 

 

 

 

NR 

 

NR 

 

NR 

Pellicano et al. (2015) ICB+: 789 (370)  

ICB–: 560 (418)  

 

NR ICB+: 154 (144)  

ICB–: 124 (125)  

 

 

Prasad et al. (2019) 

 

ICB+: 735.59 (247.12) 

ICB-: 610.60 (220.75) 

 

 

ICB+: 502.75 (120.95) 

ICB-: 541.15 (191.49) 

 
ICB+: 253.88 (124.18) 
ICB-: 109.50 (65.89) 

Ruitenberg et al. 

(2018) 

ICB+: 561 (322)  

ICB–: 486 (332)  

 

NR NR 

Tessitore et al. (2016) ICB+: 477.3 (222.9)  

ICB–: 532.1 (207.2) 

  

NR ICB+: 243.3 (82.1)  

ICB–: 243.3 (90.2)  

 

Yoo et al. (2015) 

 

ICB+: 924.6 (362.1)  

ICB–: 861.8 (440.6)   

NR ICB+: 255.0 (177.6)  

ICB–: 170.0 (89.2)  

 

Legend. DA: dopamine agonists; DRT: drug replacement therapy; H&Y: Hoehn & Yahr score; ICBs: impulsive-compulsive behaviours; ICB+: PwP with ICBs; 

ICB-: PwP without ICBs; total LEDD: levodopa equivalent daily dosage total (mg); DAED: dopamine agonist equivalent daily dosage (mg); LD-LEDD: : 

levodopa equivalent daily dosage levodopa only (mg); N: number of PwP; NR: not reported; PD: Parkinson’s disease; PwP: persons with Parkinson’s disease; 

Pts: PwP; Ref: reference; SSRI: selective serotonin reuptake inhibitors; UPDRS-III: unified Parkinson’s disease rating scale part III (motor subscale) score; y: 
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years.*Mean (SD) unless otherwise stated; ** off state; ***months; §Data provided refers to the whole sample, including PwP who did not perform MRI scan. 

Significant between-groups differences (statistical threshold as reported in the original paper) are reported in bold type. 
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Cortical and subcortical volume studies. One study reported evidence of 

increased cortical volume in the inferior frontal gyrus bilaterally, and the right-side 

caudal anterior cingulate between the ICB+ vs. ICB- groups (Hlavatá et al., 2020). 

No other differences were detected at cortical level. 

Two studies reported volume reduction in the left (Prasad et al., 2019) and 

right (Biundo et al., 2015) nucleus accumbens, whereas two other studies found no 

volumetric differences (Marín-Lahoz et al., 2020; Pellicano et al., 2015) between 

groups. Borderline reduction of right external globus pallidus volume was reported 

in one study (Ruitenberg et al., 2018). On the other hand, no between-groups 

volumetric differences were found in either the caudate nucleus, the globus pallidus, 

the putamen (Imperiale et al., 2018; Marín-Lahoz et al., 2020; Pellicano et al., 2015; 

Prasad et al., 2019), the thalamus (Imperiale et al., 2018; Marín-Lahoz et al., 2020; 

Prasad et al., 2019), the habenula (Markovic et al., 2017), the hippocampus 

(Imperiale et al., 2018; Marín-Lahoz et al., 2020; Pellicano et al., 2015; Prasad et al., 

2019) or the amygdala (Imperiale et al., 2018; Marín-Lahoz et al., 2020; Markovic et 

al., 2017; Pellicano et al., 2015; Prasad et al., 2019), although one study reported 

increase left amygdala volume in ICB+ (Biundo et al., 2015). Finally, one study 

reported volume reduction in the central and middle anterior (genu) corpus callosum 

of ICB+ vs. ICB- (Biundo et al., 2015). 

 

Cortical thickness studies. Six of the ten studies examining Cth found 

abnormalities in ICB+ vs. ICB-, although the direction of thickness varied, while 

four studies reported no differences (Carriere et al., 2015; Hammes et al., 2019; 

Hlavatá et al., 2020; Marín-Lahoz et al., 2020). 
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Structures with cortical thinning included the left superior frontal and 

precentral gyri (Biundo et al., 2015; Imperiale et al., 2018), right postcentral gyrus 

(Tessitore et al., 2016), pars orbitalis (Biundo et al., 2015; Markovic et al., 2017), 

pars opercularis, left postcentral area, rostral middle frontal area, superior and 

inferior parietal areas, lingual and parahippocampal gyri, bilateral caudal middle 

frontal and supramarginal areas (Biundo et al., 2015), middle temporal gyrus and 

temporal pole (Prasad et al., 2019).  

On the other hand, increased Cth was observed in the rostral anterior 

cingulate cortex and frontal pole (Pellicano et al., 2015), the left anterior cingulate 

cortex, left medial and lateral orbitofrontal cortex, left parahippocampal cortex, and 

left isthmus of the cingulate cortex (Tessitore et al., 2016).  

 

Subcortical diffusion tensor imaging studies. Three studies examined white 

matter integrity using fractional anisotropy (FA), mean diffusivity (MD) (Canu et al., 

2017; Imperiale et al., 2018; Yoo, Lee, et al., 2015), axial and radial diffusivity 

(RadD) (Canu et al., 2017; Imperiale et al., 2018), and one study investigated 

structural connectivity (Mosley et al., 2019). 

Structural degeneration (i.e., decreased FA and increased MD and RadD) was 

reported in the left uncinate fasciculus and parahippocampal tract (i.e., both 

decreased FA and increased MD/RadD) (Imperiale et al., 2018), and in 

pedunculopontine tract on the left (Canu et al., 2017) and right sides (Imperiale et 

al., 2018) (i.e., increased RadD and MD). However, preserved white matter integrity 

(i.e., increased FA) was also reported in the anterior corpus callosum, partial left 

thalamic radiations, right dorsal and posterior cingula, right internal capsule (genu 

and posterior limbs), right superior temporo-occipital lobes, and right thalamic 
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radiations (Yoo, Lee, et al., 2015). The fibres of the corpus callosum were reported 

to be both more robust (i.e., increased FA) (Yoo, Lee, et al., 2015) and disrupted 

(i.e., increased RadD and MD) compared to ICB- (Canu et al., 2017; Imperiale et al., 

2018). 

A gambling task revealed that greater impulsivity was associated with lower 

structural connectivity between the left/right ventral striatum and the ventromedial 

prefrontal cortex in ICB+, with the opposite effect in ICB- (Mosley et al., 2019). 

Key details of the 15 structural studies on DRT PwP including imaging 

technique, PwP numbers, ICBs type, matching/unmatching variables, and outcome 

are provided in Table 5.4.
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Table 5. 4 Key details of the 15 structural studies on DRT PwP including imaging technique, PwP numbers, ICBs type, matching/unmatching 

variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: N Matched 
variables 

Unmatched 
variables 

Differences in brain 
region* 

Findings: 
ICB+ vs. ICB- 

Cross-sectional 
Biundo et 
al. (2011) 
 

VBM ICB+: 33  
ICB-: 24  

MIDI; DSM-
IV-TR criteria; 
clinical 
interview (PwP 
and carergiver) 

HS: 11; CS: 9; 
GD: 1; 
punding: 2; 
ICB-M: 12 

Sex, PD duration, 
UPDRS-III, total 
LEDD, DAED, 
BDI, MMSE 
 

Age: 
ICB+<ICB-** 

No differences ICB+ = ICB- 

Biundo et 
al. (2015) 

Cth 
Subcortical 
volumes  

ICB+: 58  
ICB-: 52  

QUIP-rs; 
MIDI; clinical 
interview (PwP 
and carergiver) 

HS: 6; CS: 7; 
GD: 2; 
hoarding: 2; 
impulsive 
aggression: 1; 
M-ICB: 40 

Sex, age, 
education, H&Y, 
UPDRS-III, 
DAED, MMSE, 
BDI-II 

Age at PD 
onset: 
ICB+<ICB-; PD 
duration: 
ICB+>ICB-**; 
total LEDD: 
ICB+>ICB-** 

CTh: left precentral and 
postcentral area, superior 
frontal and rostral middle 
frontal area, pars orbitalis, 
pars opercularis, superior 
and inferior parietal areas, 
lingual and 
parahippocampal gyrus, 
and bilaterally in the 
caudal middle frontal and 
supramarginal areas 
 

ICB+ ¯ 
 
 
 
 
 

Subcortical volumes: right 
NAc, and in the central 
and middle anterior corpus 
callosum 
 

ICB+ ¯ 

Left amygdala 
 

ICB+  

 



328 

 

Table 5.4 (continued) Key details of the 15 structural studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs diagnosis ICBs type: N Matched 
variables 

Unmatched 
variables 

Differences in brain 
region* 

Findings: 
ICB+ vs. ICB- 

Cross-sectional 
Canu et al. 
(2017) 
 

DTI ICB+: 21  
ICB-: 28  

Clinical 
interview 
(PwP/caregiver) 
and semi-
structured 
interview 

Punding: 21 
 

Sex, age, 
education, age 
at PD onset, PD 
duration, H&Y, 
UPDRS-III, 
LEDD, MMSE, 
HAMA 
 

HDRS: 
ICB+>ICB-**; 
Apathy scale: 
ICB+>ICB-** 

Genu of corpus callosum 
adjusting for depression 
and apathy scores; left PPT 
adjusting for severity of 
depression only  

ICB+ ¯ 

Carriere et 
al. (2015) 
 
 

Cth ICB+: 19  
ICB-: 17  

QUIP; semi-
structured 
interview  
 

HS: 14; GD: 7; 
BE: 7; CS: 5 
 

Sex, age, PD 
duration, H&Y, 
UPDRS-III, 
total LEDD, 
DAED, MMSE 
 

NR No differences ICB+ = ICB- 

Hammes 
et al. 
(2019) 
 

Cth ICB+: 18 
ICB-: 44 

QUIP-rs GD: 3; HS: 11; 
CS:5; BE: 10; M-
ICB: 7 
 
 

NR NR CTh: no differences ICB+ = ICB- 
 

Hlavatà et 
al. (2020) 

Cth ICB+: 8 
ICB-: 16 

Clinical 
interview 

GD: 5; HS: 2; CS: 
1; BE: 3; HB: 1; 
punding: 1; 
hoarding: 1; 
pedantry: 1; 
excessive 
cleaning: 1 
 

NR NR CTh: no differences  
 

ICB+ = ICB- 
 

Subcortical volumes: 
bilateral pars orbitalis, 
right caudal anterior 
cingulate 

ICB+ 
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Table 5.4 (continued) Key details of the 15 structural studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: N Matched 
variables 

Unmatched 
variables 

Differences in brain 
region* 

Findings: 
ICB+ vs. ICB- 

Cross-sectional 
Imperiale 
et al. 
(2018) 
 
 

Cth  
DTI  

ICB+: 35 
ICB-: 50 

QUIP; clinical 
interview 
 

GD: 4; HS: 4; 
CS: 1; BE: 3; 
punding: 15; 
DDS: 5; BE+ 
punding: 1; GD 
+ punding: 1; 
DDS + 
punding: 1 

Sex, age, 
education, age at 
PD onset, PD 
duration, H&Y, 
UPDRS-III, total 
LEDD, DAED, 
MMSE 

HDRS: 
ICB+>ICB-**; 
Apathy scale: 
ICB+>ICB-** 

CTh: left superior frontal 
and precentral gyri 
 

ICB+ ¯ 

DTI: GM: no differences 
 

ICB+ = ICB- 
 

WM: left 
parahippocampal tract and 
right PPT, genu of the 
corpus callosum, bilateral 
uncinate fasciculus 

ICB+¯ 

Marìn-
Lahoz et 
al. (2020) 

Cth  
Subcortic
al 
volumes 
 

ICB+: 9 
ICB-: 15 

QUIP; QUIP-
rs; clinical 
interview 

HS: 2; BE: 3; 
HB: 3; BE + 
HB: 1 

Sex, age, 
education, age at 
PD onset, PD 
duration, UPDRS-
III, total LEDD, 
DAED 
 

NR CTh: no differences 
 

ICB+ = ICB- 
 

Subcortical volumes: no 
differences 

ICB+ = ICB- 
 

Markovic 
et al. 
(2017) 
 

Cth 
Subcortic
al 
volumes  

ICB+: 22  
ICB-: 30  

Interview 
including a 
semi-structured 
part (PwP and 
caregivers) 

Punding: 17; 
Punding + BE: 
2; Punding + 
GD: 1; Punding 
+ DDS: 1; 
Punding + HS: 
1 

Sex, age, 
education, age at 
PD onset, PD 
duration, H&Y, 
UPDRS-III, total 
LEDD, DAED 
 

NR CTh: right pars orbitalis of 
the inferior frontal gyrus 
 

ICB+ ¯ 
 

Subcortical volumes 
investigated (habenula and 
amygdala): no differences 
 

ICB+ = ICB- 
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Table 5.4 (continued) Key details of the 15 structural studies on DRT PwP including imaging technique, PwP numbers, ICBs type,  

matching/unmatching variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs diagnosis ICBs type: N Matched 
variables 

Unmatched 
variables 

Differences in brain 
region* 

Findings: 
ICB+ vs. ICB- 

Cross-sectional 
Mosley et 
al. (2019) 
 

DWI ICB+: 17 
ICB-: 40 

QUIP-rs; semi-
structed 
interview 

GD: 10; HS: 9; 
BE: 1; CS: 3; 
DDS: 2; HB: 1 
 

Age, PD duration, 
H&Y, total LEDD 

NR In a gambling task, 
increased structural 
connectivity between VS 
and vmPFC 

ICB+ 
 

Pellicano 
et al. 
(2015) 

Cth  
Subcortical 
volumes  

ICB+: 18  
ICB-: 18  

QUIP; Semi-
structured 
interview (DSM-
IV-TR) 

GD: 4; HS: 3; 
BE: 1; CS: 1; 
HS+CS: 2; 
GD+CS: 1; 
HS+BE: 1; 
GD+ DDS: 1; 
HS+GD+BE: 1; 
CS+BE+interne
t: 1; 
HS+BE+CS: 1; 
HS+GD+BE+C
S: 1 
 

Sex, age, age at 
PD onset, total 
LEDD, DAED, 
LD-LEDD, 
MMSE 

PD duration: 
ICB+>ICB-**, 
UPDRS-III 
(OFF 
medication): 
ICB+>ICB-**; 
H&Y: 
ICB+>ICB- 

CTh: rostral ACC and 
frontal pole 

ICB+ 

Subcortical volumes: no 
differences 

ICB+ = ICB- 

Prasad et 
al. (2019) 
 

Cth  
Subcortical 
volumes 

ICB+: 11  
ICB-: 15 

QUIP-rs HS: 1; punding: 
3; HB: 1; DDS: 
2; HS+CS: 1; 
BE+HB: 1; 
GD+HB: 1; 
HS+BE+CS+D
DS+punding: 1 

Age, age at PD 
onset, disease 
duration, UPDRS-
III (OFF), H&Y, 
total LEDD, LD-
LEDD 

DAED: 
ICB+>ICB- 

Cth: right middle temporal 
gyrus and bilateral 
temporal pole 

ICB+ ¯ 
 

Subcortical volumes: left 
nucleus accumbens 

ICB+ ¯ 
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Table 5.4 (continued) Key details of the 15 structural studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs diagnosis ICBs type: N Matched 
variables 

Unmatched 
variables 

Differences in brain 
region* 

Findings: 
ICB+ vs. ICB- 

Cross-sectional 
Ruitenberg 
et al. 
(2018) 

VBM ICB+: 21  
ICB-: 30 

QUIP 
 

GD: 1; HS: 9; 
CS: 7; BE: 11; 
others: 6; (9 
were in 
combination) 

Sex, age, age at 
PD onset, PD 
duration, UPDRS-
III, total LEDD, 
MoCA, NART-R 
 

NR Right GPe (uncorrected 
threshold only)  

ICB+ ¯ 

Tessitore 
et al. 
(2016) 

VBM 
surface 
based Cth 
 

ICB+: 15  
ICB-: 15  

MIDI HS: 13; BE: 8; 
GD: 1 
 

Sex, age, 
education, PD 
duration, H&Y, 
UPDRS-III, total 
LEDD, DAED, 
HAM-D, HADS, 
MMSE 

__ VBM: no differences ICB+ = ICB- 
CTh:  
Left ACC, left medial 
frontal cortex, left lateral 
OFC, left 
parahippocampal cortex, 
and left isthmus of 
cingulate cortex 

ICB+ 
 

Right postcentral gyrus ICB+ ¯ 
 

Yoo et al. 
(2015) 

DTI ICB+: 10  
ICB-: 9 

DSM-IV-TR GD: 2; HS: 1; 
CS+BE: 4; 
CS+BE+HS: 1; 
GD+HS+BE:1; 
CS+BE+HS+G
D:1 
 

Sex, age, PD 
duration, H&Y, 
UPDRS-III, total 
LEDD, DAED, 
GDS, MMSE 

NR Anterior corpus callosum, 
partial left thalamic 
radiations, right dorsal and 
posterior cingulum, right 
internal capsule (genu and 
posterior limbs), right 
superior temporo-occipital 
lobes, and right thalamic 
radiations 

ICB+ 
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Legend. ACC: anterior cingulate cortex; BDI: Beck depression inventory; BDI-II: Beck depression inventory II; BE: binge eating; CS: 

compulsive shopping; Cth: cortical thickness; DAED: dopamine agonists equivalent daily dose; DDS: dopamine dysregulation syndrome; DSM-

IV-TR: Diagnostic and statistical manual of mental disorders – fourth edition text revision; DTI: diffusion tensor imaging; DWI: diffusion 

weighted imaging; GD: gambling disorder; GDS: geriatric depression scale; GM: grey matter; GPe: external portion of the globus pallidus; 

HADS: Hospital anxiety and depression scale; HAMA: Hamilton anxiety rating scale; HAM-D: Hamilton depression rating scale; HB: 

hobbyism; HDRS: Hamilton depression rating scale; HS: hypersexuality; H&Y: Hoehn & Yahr score; ICBs: impulsive compulsive behaviours; 

ICB+: PwP with ICBs; ICB-: PwP without ICBs; LD-LEDD: levodopa equivalent daily dosage levodopa only; M-ICB: multiple ICBs; MIDI: 

Minnesota Impulsive Disorders Interview; MMSE: Mini-mental state examination; MoCA: Montreal cognitive assessment; MRI: magnetic 

resonance imaging; NAc: nucleus accumbens; NART-R: National adult reading test-revised; OFC: orbitofrontal cortex; PwP: persons with 

Parkinson’s disease; PPT: pedunculopontine tract; QUIP: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease; QUIP-rs: 

Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease – rating scale; ref.: reference; Total LEDD: levodopa equivalent daily 

dose total; UPDRS-III: unified Parkinson’s disease rating scale part III (motor subscale) score; VBM: voxel-based morphometry; vmPFC: 

ventromedial prefrontal cortex; VS: ventral striatum; WM: white matter. *comparison between ICB+ vs. ICB- ** variable differing between 

groups but included as covariate in the analyses.  
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Functional Studies 

Drug naïve Persons with Parkinson’s disease. Functional imaging 

connectivity  in drug naïve PwP who will successively develop ICBs have been 

investigated in one longitudinal study only using rs-fMRI (Tessitore, De Micco, et 

al., 2017).  

 

Demographic and clinical characteristics. Retrospective analysis of baseline 

data for the drug naïve PwP showed that ICB+ and ICB- groups at follow-up did not 

differ for age, PD duration, PD stage and motor symptoms severity. Demographic 

and clinical characteristics of the study are reported in Table 5.5. 



334 
 

Table 5. 5 Characteristics of the single study included in the systematic review: functional studies in drug naïve PwP. 

Ref Pts (males) Age (y)* PD onset (y)* PD duration (y)* H&Y* UPDRS-III (OFF)* Antidepressant 
(N) 

Tessitore, De 
Micco et al. 
(2017) 

ICB+: 15 (5) 
ICB–: 15 (6) 
 

ICB+: 57 (9.7) 
ICB–: 58.2 (7.3)  
 

NR ICB+: 1.4 (0.5) 
ICB–: 1.3 (0.5)  
 

ICB+: 1.1 (0.3)  
ICB–: 1.2 (0.4) 
 

ICB+: 15.7 (6)  
ICB–: 16.4 (6) 
 

NR 

 
Legend. H&Y: Hoehn & Yahr score; ICB+: PwP with ICBs; ICB-: PwP without ICBs; ICBs: impulsive-compulsive behaviours; NR: not 

reported; PD: Parkinson’s disease; PwP: persons with Parkinson’s disease; Pts: PwP; Ref: reference; UPDRS-III: unified Parkinson’s disease 

rating scale part III (motor subscale) score; y: years. *Mean (SD) unless otherwise stated.  
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Resting-state fMRI. At baseline, PwP who went on to develop ICBs showed 

increased connectivity in the left orbitofrontal cortex (salience network), decreased 

connectivity in the left supramarginal gyrus (central executive network), left 

precuneus and right middle temporal gyrus (default mode network) compared to 

PwP without ICBs at follow-up (Tessitore, De Micco, et al., 2017) (Figure 5.2). 

Key details of the single functional study on drug naïve PwP including 

imaging technique, PwP numbers, ICBs type, matching/unmatching variables, and 

outcome are provided in Table 5.6. 

 

 

Figure 5. 2 Resting-state network connectivity change at baseline. Whole-brain 

significant connectivity differences between ICB+ and ICB- patients within central 

executive, default-mode, and salience networks. SN, salience network; CEN, central 

executive network; DMN, default mode network; OFC, orbitofrontal cortex; MTG, 

middle temporal gyrus; SMG, supramarginal gyrus; r, right; l, left; Reprinted under 

permission from Tessitore, De Micco et al., 2017, John Wiley and Sons and 

Copyright Clearance Center. 
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Table 5. 6 Key details of the single functional study on drug naïve PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome.  

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs 
type: 
N 

Matched variables Unmatched 
variables 

Differences in brain region* Findings:  
ICB+ vs. ICB- 

Longitudinal 
Tessitore, 
De 
Micco et 
al. (2017)  

rs-fMRI 
 

ICB+: 15  
ICB-: 15  

QUIP-rs; 
clinical 
interview 

HS: 6; 
BE: 5; 
GD:2; 
CS:2 

Sex, age, education, 
PD duration, H&Y, 
UPDRS-III, Total 
LEDD, DAED, BDI-
II, MMSE 

NR Increased connectivity in the left OFC 
within the SN; DMN coupling with the 
right CEN 
 

ICB+ 

Decreased connectivity in the left 
supramarginal gyrus within the right CEN; 
the left precuneus and right middle 
temporal gyrus within the DMN 

ICB+ ¯ 

Legend. BDI-II: Beck depression inventory II; BE: binge eating; CEN: central executive network; CS: compulsive shopping; DAED: dopamine 

agonists equivalent daily dose; DMN: default-mode network; GD: gambling disorder; HS: hypersexuality; H&Y: Hoehn & Yahr score; ICBs: 

impulsive compulsive behaviours; ICB+: PwP with ICBs; ICB-: PwP without ICBs; MMSE: Mini-mental state examination; NR: not reported; 

OFC: orbitofrontal cortex; PwP: persons with Parkinson’s disease; QUIP-rs: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s 

disease – rating scale; Ref.: reference; rs-fMRI: resting state functional magnetic resonance imaging; SN: salience network; Total LEDD: 

levodopa equivalent daily dose total; UPDRS-III: unified Parkinson’s disease rating scale part III (motor subscale) score. *comparison between 

ICB+ vs. ICB-. 
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Dopaminergic replacement therapy-medicated Persons with Parkinson’s 

disease. Seventeen cross-sectional functional imaging studies investigated ICBs in 

medicated PwP. Two studies reported measures of brain metabolism using resting 

state PET (Marín-Lahoz et al., 2020; Verger et al., 2018). Three reports explored 

cerebral blood flow measures, two of them using resting state SPECT “on” 

medication (Cilia et al., 2011, 2008), and one using arterial-spin-labelling “on” and 

“off” medication (Claassen et al., 2017). Five studies reported BOLD signal using 

task-based fMRI. PwP performance was examined on the temporal discounting task 

“on” and “off” medication (Girard et al., 2019), reward-related visual cues “off” 

(Frosini et al., 2010) and “on” medication (Loane et al., 2015; Politis et al., 2013) 

and the Iowa Gambling Task “on” medication only (Paz-Alonso et al., 2020). 

Further six studies investigated spontaneous low frequency BOLD fluctuations using 

rs-fMRI (Carriere et al., 2015; Imperiale et al., 2018; Markovic et al., 2017; Petersen 

et al., 2018; Ruitenberg et al., 2018; Tessitore, Santangelo, et al., 2017). Only a 

single study to date has examined changes in dynamic functional connectivity over 

time and this was conducted in “on” medicated PwP (Navalpotro-Gomez et al., 

2020). 

 

Demographic and clinical characteristics. ICB+ and ICB- were matched for 

age at evaluation (Carriere et al., 2015; Cilia et al., 2011, 2008; Claassen et al., 2017; 

Frosini et al., 2010; Girard et al., 2019; Imperiale et al., 2018; Loane et al., 2015; 

Marín-Lahoz et al., 2020; Markovic et al., 2017; Navalpotro-Gomez et al., 2020; 

Paz-Alonso et al., 2020; Petersen et al., 2018; Politis et al., 2013; Ruitenberg et al., 

2018; Tessitore, Santangelo, et al., 2017; Verger et al., 2018), age at PD onset (Cilia 

et al., 2008; Imperiale et al., 2018; Markovic et al., 2017; Ruitenberg et al., 2018), 
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PD duration (Carriere et al., 2015; Cilia et al., 2011, 2008; Claassen et al., 2017; 

Frosini et al., 2010; Girard et al., 2019; Imperiale et al., 2018; Loane et al., 2015; 

Marín-Lahoz et al., 2020; Markovic et al., 2017; Navalpotro-Gomez et al., 2020; 

Paz-Alonso et al., 2020; Petersen et al., 2018; Politis et al., 2013; Ruitenberg et al., 

2018; Tessitore, Santangelo, et al., 2017; Verger et al., 2018) and PD stage (Carriere 

et al., 2015; Cilia et al., 2011, 2008; Imperiale et al., 2018; Markovic et al., 2017; 

Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 2020; Tessitore, Santangelo, et al., 

2017; Verger et al., 2018), motor symptoms severity (Carriere et al., 2015; Cilia et 

al., 2011, 2008; Frosini et al., 2010; Girard et al., 2019; Imperiale et al., 2018; 

Marín-Lahoz et al., 2020; Markovic et al., 2017; Navalpotro-Gomez et al., 2020; 

Paz-Alonso et al., 2020; Politis et al., 2013; Ruitenberg et al., 2018; Tessitore, 

Santangelo, et al., 2017; Verger et al., 2018), total LEDD (Carriere et al., 2015; Cilia 

et al., 2011, 2008; Claassen et al., 2017; Frosini et al., 2010; Girard et al., 2019; 

Imperiale et al., 2018; Loane et al., 2015; Marín-Lahoz et al., 2020; Markovic et al., 

2017; Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 2020; Petersen et al., 2018; 

Politis et al., 2013; Ruitenberg et al., 2018; Tessitore, Santangelo, et al., 2017; 

Verger et al., 2018), LD-LEDD (Girard et al., 2019; Loane et al., 2015), and DAED 

(Carriere et al., 2015; Cilia et al., 2011, 2008; Claassen et al., 2017; Frosini et al., 

2010; Girard et al., 2019; Imperiale et al., 2018; Loane et al., 2015; Marín-Lahoz et 

al., 2020; Markovic et al., 2017; Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 

2020; Petersen et al., 2018; Tessitore, Santangelo, et al., 2017; Verger et al., 2018). 

In the remaining studies, ICB+ and ICB- groups were not matched for one or more 

clinical characteristics (see points i-ii), or clinical information was not reported (see 

point iii). 
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 (i) Motor symptom severity was lower in ICB+ compared to ICB- “on” but 

not “off” medication (Claassen et al., 2017). Conversely, in a second study, ICB+ 

exhibited increased motor symptom severity both “on” and “off” medication 

compared to ICB- (Loane et al., 2015). Otherwise, the groups were matched for age, 

PD duration, total and DAED (Claassen et al., 2017; Loane et al., 2015). 

 (ii) One study reported higher DAED and lower LD-LEDD in ICB+ vs. ICB-

, but the two groups were matched for age at evaluation, PD duration, motor 

symptoms severity, and total LEDD (Politis et al., 2013).   

(iii) The following clinical information was not reported across all of the 

studies, combined: age at PD onset (Carriere et al., 2015; Cilia et al., 2011; Claassen 

et al., 2017; Frosini et al., 2010; Girard et al., 2019; Loane et al., 2015; Navalpotro-

Gomez et al., 2020; Paz-Alonso et al., 2020; Petersen et al., 2018; Politis et al., 2013; 

Tessitore, Santangelo, et al., 2017; Verger et al., 2018), PD stage (Claassen et al., 

2017; Frosini et al., 2010; Girard et al., 2019; Loane et al., 2015; Marín-Lahoz et al., 

2020; Petersen et al., 2018; Politis et al., 2013; Ruitenberg et al., 2018), DAED 

(Ruitenberg et al., 2018) and LD-LEDD (Carriere et al., 2015; Cilia et al., 2011, 

2008; Claassen et al., 2017; Frosini et al., 2010; Imperiale et al., 2018; Marín-Lahoz 

et al., 2020; Markovic et al., 2017; Navalpotro-Gomez et al., 2020; Paz-Alonso et al., 

2020; Petersen et al., 2018; Ruitenberg et al., 2018; Tessitore, Santangelo, et al., 

2017; Verger et al., 2018). 

Demographic and clinical characteristics of the 17 studies are provided in 

Table 5.7. 
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Table 5. 7 Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP.  

Ref Pts (males) Age (y)
*
 PD onset (y)

*
 PD duration (y)

*
 H&Y* UPDRS-III

*
 Antidep (N) 

Carriere et 
al. (2015) 
 

ICB+:19 (15) 
ICB–: 17 (13)  
  

ICB+:57.4 (8.9)   
ICB–: 57.4 (8) 
  

NR  
 

ICB+: 6.9 (3.8) 
ICB–: 7.2 (4.2)  
 

ICB+:2.4 (0.6) 
ICB–: 2.3 (0.5) 
 

ON: ICB+: 20.5 (7.7) 
ICB–: 19.6 (7.9)  
OFF: NR 
 

ICB+: 1 
ICB-: 2 
(SSRI) 
 

Cilia et al. 
(2008) 
 

ICB+: 11 (10) 
ICB–: 40 (27) 
 

ICB+: 57.4 (5.8) 
ICB–: 55 (7) 
 

ICB+: 49.5 (4.7) 
ICB–: 46.4 (7.2) 
 

ICB+: 8.4 (3.4) 
ICB–: 8.4 (5.1) 
 

ICB+: 2.1 (0.6) 
ICB–: 2.3 (0.8) 
 

ON: ICB+: 18.0 (11.0) 
ICB–: 19.1 (8.5) 
OFF: NR 
 

No 

Cilia et al. 
(2011) 
 

ICB+: 15 (14) 
ICB–: 15 (14) 
 

ICB+:59.2 (7.6)  
ICB–:58.6 (6.9)  
 

NR ICB+:8.7 (3.3)  
ICB–:9.1 (2.1)  
 

ICB+:2.0 (0.6)  
ICB–:2.3 (0.7)  
 

ON: ICB+: 16.9 (8.8)  
ICB–:18.3 (7.9)  
OFF: NR 
 

No 

Claassen et 
al. (2017) 

ICB+:17 (10) 
ICB-: 17 (12) 

ICB+:61.0 (7.1) 
ICB-:62.5 (10.4)  

NR ICB+:5.8 (4.5) 
ICB-:6.4 (3.8) 

NR ON: ICB+:15.5 (7.1) 

ICB-:23.7 (10.9) 

OFF 
ICB+:25.8 (11.1) 
ICB-:32.9 (12.2) 
 

No 

Frosini et 
al. (2010) 

ICB+:7  
ICB–: 7 

ICB+: 57.5 (11.1)  
ICB–: 58.3 (8.6) 

NR ICB+:5.7 (2.0) 
ICB–: 6.8 (4.2) 

NR ON: ICB+: 15.5 (1.3)  
ICB–:18.0 (6.3)  
OFF: NR 
 

NR 

Girard et al. 
(2019) 
 

ICB+: 13 (13) 
ICB-: 14 (14) 

ICB+: 58.5 (8.3)  
ICB-: 57 (9.0) 

NR ICB+:7.5 (2.1)  
ICB-: 6.8 (2.6)  

NR ON: ICB+: 11.1 (5.1)  
ICB-: 12.6 (6.0) 
OFF: ICB+: 33.2 (11.2) 
ICB-: 28.4 (9.1) 
 

NR 
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Table 5. 7 (continued) Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP. 

Ref Pts (males) Age (y)
* PD onset (y)

* PD duration (y)
* H&Y* UPDRS-III

* Antidep 

(N) 

Imperiale et 
al. (2018) 
 

ICB+: 35 (30) 
ICB–: 50 (36)  
 

ICB+: 62.0 (10.4)  
ICB–:61.5 (8.9) 
  

ICB+: 52.5 (10.4)  
ICB–: 52.5 (8.2) 

ICB+: 9.5 (5.2) 
ICB–: 9.0 (6.1)  
 

ICB+:2.7 (0.8) 
ICB–: 2.5 (0.7)  
 

ON: ICB+: 47.2 (15.5)  
ICB–: 43.5 (12.4) 
OFF: NR 
 

NR 

Loane et al. 
(2015) 

ICB+: 6 (5) 
ICB–: 12 (10) 

ICB+: 56.8 (11.8) 
ICB–: 62.3 (9.7) 

NR ICB+: 10.7 (3.0) 
ICB–: 10.1 (6.4) 

NR ON: ICB+: 28.8 (7.1) 

ICB–: 20.0 (5.5)  

OFF: ICB+:47.9 (10.6) 

ICB–: 34.9 (9.9) 

 

NR 

Markovic et 
al. (2017) 
 

ICB+: 22(19) 
ICB–: 30 (21)  
 

ICB+: 63.1 (9.2) 
ICB–: 63.9 (6.6)  
 

ICB+: 54.0 (9.8)  
ICB–:54.0 (7.8) 
 

ICB+: 9.1 (5.4) 
ICB–: 9.9 (5.3) 
 

ICB+: 2.5 (0.9) 
ICB–: 2.6 (0.5) 
 

ON: ICB+: 43.1 (13.7)  
ICB–: 47.2 (8.0) 
OFF: NR 
 

NR 

Marìn-
Lahoz et al. 
(2020) 

ICB+: 9 (5) 
ICB–: 15 (8) 
 

ICB+: 70.2 (8.4)  
ICB-: 70.8 (6.8) 

NR ICB+: 4.5 (2.5)  
ICB-: 6.1 (2.2) 

NR 
 

ON: ICB+: 29.0 (6.7) 
ICB-: 28.7 (9.6) 
OFF: NR 
 

NR 

Navalpotro-
Gomez et 
al. (2020) 
 

ICB+: 16 (14) 
ICB–: 20 (16) 
 

ICB+: 61.25 (8.2)  
ICB-: 63.45 (8.1) 

NR ICB+:7.437 [4–
10]§  
ICB-: 6.68 [5–10] 

ICB+: 2 [1.5–
2.5]§  
ICB-: 2 [1.5–3] 

ON: ICB+: 20.35 (9.4) 
ICB-: 25.93 (7) 
OFF: NR 
 

NR 

Paz-Alonso 
et al. (2020) 

ICB+: 18 (16) 
ICB-: 17 (15) 

ICB+: 62.3 (7.6) 
ICB-: 61(8.7) 

NR ICB+: 8 [5.1–10]§  
ICB-: 7 [4–10] 

ICB+: 2 [1.5–
2.5]§ 

ICB-: 2 [1.5–3] 

ON: ICB+: 22.31 (6.6) 
ICB-: 25.90 (8.2) 
OFF: NR 
 

NR 
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Table 5. 7 (continued) Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP. 

Ref Pts (males) Age (y)
* PD onset (y)

* PD duration (y)
* H&Y* UPDRS-III

* Antidep  

(N) 
Petersen et 
al. (2018) 

ICB+: 19 (12) 
ICB–:  18 (13) 

ICB+: 61.0 (7.1) 
ICB–:62.7 (10.1) 
 

NR ICB+:6.2 (3.7) 
ICB–:6.1 (4.5) 

NR ON: NR 
OFF: NR 

NR 

Politis et al. 
(2013) 

ICB+: 12 (11) 
ICB–: 12 (10) 

ICB+:55.2 (9.2) 
ICB–:62.3 (9.7) 

NR ICB+:9.6 (5.2) 
ICB–:10.1 (6.4) 

NR ON: ICB+:23.1 (8.2) 
ICB–:20.0 (5.5) 
OFF: ICB+:40.2 (10.1) 
ICB–:34.9 (9.9) 
 

NR 

Ruitenberg 
et al. (2018) 

ICB+: 21 (14) 
ICB–: 30 (19) 

ICB+:60 (5) 
ICB–:62 (8) 

ICB+: 55.9 (6.2)  
ICB–:58.1 (8.4) 

ICB+: 57.3 
(30.7)** 
ICB–:44.2 
(37.7)** 

NR ON: NR 
OFF: ICB+: 26.0 (9.9) 
ICB–: 25.3 (9.5)  
 

NR 

Tessitore, 
Santangelo 
et al. (2017) 

ICB+: 15 (13) 
ICB–: 15 (12) 
 

ICB+:62.9 (8.6)  
ICB–:63.1 (8) 
 

NR ICB+: 5.3 (2.9) 
ICB–: 6.6 (3.9) 
 

ICB+: 1.3 (0.5) 
ICB–: 1.4 (0.6) 
 

ON: ICB+: 10.9 (4.5) 
ICB–: 12.1 (4.4) 
OFF: NR 
 

NO 

Verger et 
al. (2018) 
 

ICB+: 18 (15) 
ICB–: 18 (10) 
 

ICB+: 60.4 (7.3) 
ICB–:61.8 (6.4) 
 

NR ICB+: 10.9 (3.6) 
ICB–: 12.2 (2.9) 
 

ICB+: 2.7 
(0.8)*** 
ICB–: 2.7 
(0.8)*** 
 

ON: ICB+: 5.3 (4.1) 
ICB–: 8.8 (6.2) 
OFF 
ICB+: 31.9 (12.0) 
ICB–: 30.8 (12.0) 
 

NR 

  



343 
 

Table 5. 7 (continued). Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ref Total LEDD* LD-LEDD* 

 

DAED* 

Carriere et al. (2015) ICB+: 908 (492) 
ICB–: 817 (463) 

NR ICB+: 243 (114) 
ICB–: 336 (223) 
 

Cilia et al. (2008) 
 

ICB+: 811.8 (229.0) 
ICB–: 877.3 (289.3) 
 

NR ICB+: 289.1 (57.5) 
ICB–: 340.1 (157.2) 
 

Cilia et al. (2011) ICB+: 848.1 (253)  
ICB–:880 (245)  
 

NR ICB+: 296.1 (147.5)  
ICB–: 316.7 (115.6)  

Claassen et al. (2017) ICB+: 666.1 (429.9) 
ICB-: 600.6 (400.3) 

NR ICB+: 116.1 (76.0)  
ICB-:99.4 (64.2) 

Frosini et al. (2010) ICB+: 520 (219.1)  
ICB–:462 (228.7) 

NR ICB+: 408.3 (56.3)  
ICB–:325 (50) 

Imperiale et al. (2018) ICB+: 966.3 (438.7) 
ICB–: 800.8 (414.6) 

NR ICB+: 228.14 (164.0) 
ICB–: 255.53 (191.2) 

Girard et al. (2019) 
 

ICB+: 973.1 (422.6)  
ICB-: 1068.7 (398.8) 

ICB+: 709.7 (361.3)  
ICB-: 779.8 (412.0) 

ICB+: 282.1 (185.1)  
ICB-: 295.1 (161.3) 
 
 

Loane et al. (2015) ICB+: 975 (146) 
ICB–: 778 (278) 

ICB+: 694 (423) 
ICB–: 646 (264) 

ICB+: 281 (319) 
ICB–: 132 (143) 
 

Markovic et al. (2017) ICB+: 887.9 (348.3) 
ICB–: 934.8 (302.8) 

NR ICB+: 269.1 (141.2) 
ICB–: 315.7 (177.8) 

Marìn-Lahoz et al. (2020) ICB+: 634.2 (352.4)  
ICB-: 627.1 (205.5) 

NR ICB+: 175.3 (91.1)  
ICB-: 135.6 (118.3) 
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Table 5. 7 (continued) Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP. 

 

Legend. Antidep: antidepressant; DAED: dopamine agonists equivalent daily dose (mg); DRT: drug replacement therapy; H&Y: Hoehn & Yahr 

score; ICB+: PwP with ICBs; ICB-: PwP without ICBs; ICBs: impulsive-compulsive behaviours; LD-LEDD: levodopa equivalent daily dosage 

levodopa only (mg); N: number of PwP; NR: not reported; PwP: persons with Parkinson’s disease; Pts: PwP; Ref: reference; SSRI: selective 

serotonin reuptake inhibitors; Total LEDD: levodopa equivalent daily dose total (mg); UPDRS-III: unified Parkinson’s disease rating scale part 

Ref Total LEDD* LD-LEDD* 

 
DAED* 

Navalpotro-Gomez et al. 
(2020) 
 

ICB+: 913.6 (186.5)  
ICB-: 838.1 (213.2) 

NR ICB+: 295 (140.4)  
ICB-: 251 (151.2) 
 

Paz-Alonso et al. (2020) 
 

ICB+: 940.6 (94.9)  
ICB-: 841.4 (62.4) 
 

NR ICB+: 261.7 (69.5) 
ICB-: 211.8 (44.9) 

Petersen et al. (2018) ICB+: 639.1 (417.1) 
ICB–: 609.8 (390.3) 

NR ICB+: 117.6 (73.7) 
ICB–: 103.9 (65.1) 
 

Politis et al. (2013) ICB+:600 (327) 
ICB–:778 (278) 

ICB+:288 (326) 

ICB–:646 (264) 

ICB+:311 (183) 

ICB–: 132 (143) 

Ruitenberg et al. (2018) ICB+:561 (322) 
ICB–:486 (332) 
 

NR  NR 

Tessitore, Santangelo et 
al. (2017) 

ICB+: 477.3 (222.9) 
ICB–: 532.1 (207.2) 
 

NR ICB+: 243.3 (82.1) 
ICB–: 243.3 (90.2) 
 

Verger et al. (2018) 
 

ICB+: 1124.1 (320.5) 
ICB–: 1145.9 (378.4) 

NR ICB+: 157.3 (130.0)  
ICB–: 205.4 (162.8) 
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III (motor subscale) score; y: years. *Mean (SD) unless otherwise stated; **months; *** off state; §data provided as mean and interquartile range. 

Significant between-groups differences (statistical threshold as reported in the original paper) are reported in bold type. 
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Resting-state fMRI studies. ICB+ vs. ICB- comparison showed reduced 

connectivity between the basal ganglia nuclei and frontal cortical areas (Ruitenberg 

et al., 2018), between the habenula and left frontal and precentral cortices, and 

between right amygdala and hippocampus (Markovic et al., 2017) and in the DLPFC 

and inferior parietal cortex (Tessitore, Santangelo, et al., 2017), and between the left 

anterior putamen and the left inferior temporal and anterior cingulate gyrus, but no 

difference in connectivity in the ventral striatum (Carriere et al., 2015). 

On the other hand, ICB+ compared to ICB- showed increased connectivity 

between the ventral striatum and limbic structures (Petersen et al., 2018), between 

the striatum and the habenula, the amygdala, the thalamus and bilaterally (Markovic 

et al., 2017), in the right ventral striatum and bilateral insula, and in the left middle 

temporal gyrus (Tessitore, Santangelo, et al., 2017). 

In the single study that examined dynamic functional connectivity over 

time, ICB+ vs. ICB- were found to be engaged for longer in a brain configuration 

pattern characterized by strong ‘within’ network connections between superior 

temporal lobe, fronto-insular and cingulate cortices, at the expense of connectivity 

with other networks. The same study also reported increased local efficiency within 

the superior temporal lobe, fronto-insular and cingulate cortices (Navalpotro-Gomez 

et al., 2020). 

 

Resting-state brain perfusion and brain metabolism. Two studies found 

increased metabolism in the right middle and inferior temporal gyri (Verger et al., 

2018), and in the orbitofrontal cortex, amygdala, insula, posterior cingulate cortex, 

parahippocampus and supramarginal gyri (Marín-Lahoz et al., 2020) when 

comparing ICB+ to ICB-. Increased regional cerebral blood flow was also evident in 
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the orbitofrontal cortex, hippocampus, amygdala, insula, and the ventral pallidum in 

ICB+ PwP vs. ICB- ones (Cilia et al., 2008). However, “off” medication, there was 

no difference in regional cerebral blood flow in the striatum and frontal cortex, 

whilst “on” medication increased regional cerebral blood flow in these structures 

was reported in ICB+ vs. ICB- (Claassen et al., 2017) (Figure 5.3). 

Connectivity was decreased between anterior cingulate cortex and the 

striatum (Cilia et al., 2011) and the left caudate and the right parahippocampus 

(Verger et al., 2018), but increased between the right middle, the inferior temporal 

gyri, the mesocorticolimbic system, and orbitofrontal regions (Verger et al., 2018). 

 

 

Figure 5. 3 CBF response to DA agonist. (A) Orthogonal representation of the 2-mm 

T1-weighted structural atlas, along with (B) quantitative CBF values in the off-DA 

agonist and (C) on-DA agonist states for ICB– (left) and ICB+ (right) patients. 

Limited CBF changes are observed in the ICB– group, yet increases in CBF in 

striatal (black arrow) and frontal (magenta arrow) regions are observed in the ICB+ 

patients. Reprinted under permission from Claassen et al., 2017, John Wiley and 

Sons and Copyright Clearance Center. 
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Task-based fMRI studies. Task-based fMRI studies consistently showed 

increased activation of reward-related areas; ICB+ PwP with gambling disorder 

showed increased BOLD signal in the anterior cingulate cortex, medial and superior 

frontal gyri, the precuneus, inferior parietal lobule, and ventral striatum after 

gambling-related visual cue exposure in comparison to ICB- ones (Frosini et al., 

2010). A similar functional brain activation profile has been reported in PwP with 

hypersexuality after exposure to visual sexual cues (Girard et al., 2019; Politis et al., 

2013). The BOLD signal was also reported to be increased in the ventral striatum of 

ICB+ PwP with dopamine dysregulation syndrome (DDS) after exposure to drug-

related cues as compared to ICB- ones (Loane et al., 2015). 

On a temporal discounting task, subjective value of the delayed reward was 

negatively correlated with activity in the ventromedial prefrontal cortex and ventral 

striatum in ICB+, with the opposite pattern in ICB- (Girard et al., 2019). ICB+ vs. 

ICB- showed increased BOLD signal in the right subthalamic nucleus, right inferior 

frontal gyrus, and right ventral striatum while performing the Iowa Gambling Task 

(Paz-Alonso et al., 2020) (Figure 5.4).  
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Figure 5. 4 Brain rendering and axial sections showing ROI analyses that revealed 

main-group effects in percent signal change. In red are regions with stronger 

activation for the ICB+ group compared with the HC group. Regions in green show 

higher activation for the ICB+ group compared wit the ICB- group. MFG, middle 

frontal gyrus; OFC, orbitofrontal cortex; SMA, supplementary motor area; IFG, 

inferior frontal gyrus; STN, subthalamic nucleus; VS, ventral striatum. Reprinted 

under permission from Paz-Alonso et al., 2020, John Wiley and Sons and Copyright 

Clearance Center. 

 
 

Key details of the seventeen functional studies on DRT PwP including 

imaging technique, PwP numbers, ICBs type, matching/unmatching variables, and 

outcome are provided in Table 5.8.  
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Table 5. 8 Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, matching/unmatching 

variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for 
defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Carriere et 
al. (2015) 
 
 

rs-fMRI  ICB+: 19  
ICB-: 17  

QUIP; 
semi-
structured 
interview  

HS:14; 
GD:7; BE: 
7; CS: 5 
 

Sex, age, 
PD 
duration, 
H&Y, 
UPDRS-
III, total 
LEDD, 
DAED, 
MMSE 
 

NR PwP assessed 
after having 
received their 
usual 
antiparkinsonian 
medication 

Decreased functional 
connectivity between 
left anterior putamen, 
left inferior temporal 
and anterior cingulate 
gyri 

ICB+ ¯ 

Cilia et al. 
(2008) 
 
 

SPECT ICB+: 11  
ICB-: 40  

DSM-IV-
TR; SOGS 

GD: 4; 
GD+HS+B
E:4; GD 
+HS+CS:1
; GD 
+HS+CS+I
A:1; GD 
+BE+HS+I
A+CS:1 
 

Sex, age, 
age at PD 
onset, PD 
duration, 
H&Y, 
UPDRS-
III, total 
LEDD, 
DAED, 
GDS, 
MMSE 

NR PwP assessed in 
the morning 
during medication 
use 

Increased brain 
perfusion: right OFC 
to insula, right 
hippocampus to 
parahippocampal 
gyrus, right 
amygdala, right 
ventral pallidum to 
NAc, left insula, right 
precuneus to cuneus 
and PCC, left 
precuneus to cuneus 
and PCC 
 

ICB+ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for 
defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Cilia et al. 
(2011) 
 
 

SPECT  ICB+: 15 
ICB-: 15  

DSM-IV-
TR; SOGS 
 

NR 
 

Sex, age, 
PD 
duration, 
H&Y, 
UPDRS-
III, total 
LEDD, 
DAED, 
GDS, 
MMSE 

NR PwP assessed in the 
morning on-
medication 

Connectivity analysis: 
lack of covariance 
between the VLPFC 
and ACC, PCC; 
between the ACC and 
VS 
 

ICB+ ¯ 
 

Presence of covariance 
of ACC with insula, 
supplementary motor 
area, and cerebellum; 
VLPFC with ventral 
pallidum; medial 
prefrontal cortex with 
PCC; parahippocampal 
gyrus with insula 
 

ICB+ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for 
defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Claassen et 
al. (2017) 

ASL 
(ON/OFF) 

ICB+: 17 
ICB-: 17 

QUIP; 
semi-
structured 
interview  
 (PwP and 
spouse) 

HB:11; 
HS: 10; 
CS: 4; 
BE:12 

Sex, age, 
PD 
duration, 
UPDRS-III 
(OFF 
medication
), total 
LEDD, 
DAED, 
AMNART, 
CESD-R, 
MoCA 

UPDRS-III 
(ON 
medication): 
ICB+<ICB-;  

Before MRI scan, 
PwP assessed by 
UPDRS III in the 
on-DA and off-
Dopamine (LD + 
DA) state. Off 
condition: 
withdrawal for at 
least 36 hours for 
DA and 16 hours 
for LD. On 
condition: after 
taking prescribed 
DA medication, 
having withheld LD 
for at least 16 hours 
 

OFF state: no 
differences 

ICB+=ICB- 

ON state: CBF increase 
in VS and frontal 
cortex, (ICB-: no CBF 
increase) 

ICB+ 

Frosini et al. 
(2010) 

Task-based 
fMRI 
(gambling-
related 
visual cues 
and neutral 
stimuli) 
 

ICB+: 7 
ICB-: 7 

DSM-IV-
TR 
 

GD+ 
HS:1; 
GD+BE:1; 
GD: 5 

Age, PD 
duration, 
UPDRS-
III, total 
LEDD, 
DAED, 
MMSE 

NR MRI scan 
performed after 
overnight drug 
washout (at least 12 
hours) 

Increased cue-related 
BOLD response 
bilaterally in the ACC, 
medial and superior 
frontal gyri and 
precuneus with right 
prevalence, right 
inferior parietal lobule, 
and left VS 

ICB+ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosi
s 

ICBs type: N Matched 
variables 

Unmatched 
variables 

Criteria for defining 
medication state 

Brain region* Findings:  
ICB+ vs. 
ICB- 

Girard et 
al. (2019) 
 

Task-based 
fMRI 
(temporal 
discounting 
ON/OFF) 

ICB+: 13 
ICB-: 14 

Arduin 
scale; 
clinical 
interview 

HS: 2; 
HS+CS: 1; 
HS+BE: 8; 
HS+HB: 9; 
HS+hyperacti
vity: 5 

Age, PD 
duration, 
UPDRS-III 
(ON and 
OFF), total 
LEDD, LD-
LEDD, 
DAED 

NR MRI scan performed 
both ON and OFF in 
counterbalanced 
order, one day apart. 
ON: 1h after a 
levodopa challenge 
(single supraliminar 
levodopa dose intake 
corresponding to 
150% of the usual 
morning dose). 
OFF: after at least 12-
h overnight 
antiparkinsonian 
drugs withdrawal 
 

ON medication, when 
exposed to erotic 
picture after waiting 
for longer periods: 
increase activity in 
the anterior medial 
prefrontal/rostral 
ACC. 
ICB+ negative 
correlation between 
subjective value of 
the delayed reward 
and activity in the 
medial prefrontal 
cortex and VS 
(opposite pattern in 
ICB-). 

ICB+ 

Imperiale 
et al. 
(2018) 
 
 

rs-fMRI  ICB+: 35 
ICB-: 50 

QUIP; 
clinical 
interview 
 

GD: 4; HS: 4; 
CS: 1; BE: 3; 
punding: 15; 
DDS: 5; BE+ 
punding: 1; 
GD + 
punding: 1; 
DDS+ 
punding: 1 

Sex, age, 
education, 
age at PD 
onset, PD 
duration, 
H&Y, 
UPDRS-III, 
total LEDD, 
DAED, 
MMSE 

Depression 
(HDRS): 
ICB+>ICB-
**; Apathy 
scale: 
ICB+>ICB-
** 
 

NR Decreased functional 
connectivity of the 
right precentral 
gyrus, rolandic 
operculum and 
superior temporal 
gyrus within the 
sensorimotor network 

ICB+ ¯ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for defining 
medication state 

Brain region* Findings:  
ICB+ vs. 
ICB- 

Loane et 
al. (2015) 

Task-based 
fMRI 
(rewarding 
cues and 
neutral 
stimuli, 
ON/OFF) 
 

ICB+: 6 
ICB-: 12 

Clinical 
interview  
 

All DDS 
with at 
least 
another 
ICB (GD; 
BE; HS; 
BE+ GD; 
BE+HS) 

Sex, age, 
PD 
duration, 
total 
LEDD, 
LD-LEDD, 
DAED, 
MMSE 

UPDRS-III 
(ON and 
OFF 
medication): 
ICB+>ICB- 

Participants scanned 
in both OFF and ON 
medication condition 
after receiving LD  
45 min prior to the 
scan. 
Motor performance 
was assessed with the 
UPDRS-III at 
baseline and 
immediately before 
scanning to ensure  
response to 
medication 
 

Both ON and OFF 
medication (neural-cues): 
increased BOLD activity 
in the VS, ACC, BA 6, 
IFG and midbrain  
post drug-cues vs. 
neutral-cues exposure: 
increased BOLD activity 
in VS, ACC, BA 6, IFG 
and midbrain 

ICB+ 

Markovic 
et al. 
(2017) 
 

PET  ICB+: 9 
ICB-: 15 

QUIP; 
QUIP-rs; 
clinical 
interview 

HS: 2; BE: 
3; HB: 3; 
BE+HB: 1 

Sex, age, 
education, 
age at PD 
onset, PD 
duration, 
UPDRS-
III, total 
LEDD, 
DAED 

NR All acquisitions were 
performed in ON 
state 

Glucose metabolism in 
PCC, bilateral 
supramarginal gyrus, 
right precuneus, bilateral 
fusiform gyrus, bilateral 
lingual, parahippocampal 
gyrus, left anterior 
insula, bilateral 
amygdala, bilateral 
uncus, bilateral inferior 
OFC, right BA10, left 
BA46, and left BA6 

ICB+  
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for 
defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Marìn-
Lahoz et 
al. (2020) 

rs-fMRI  ICB+: 22 
ICB-: 30 

Interview 
including a 
semi-
structured 
part (PwP 
and 
caregivers) 

Punding:1
7; Punding 
+ BE: 2; 
Punding + 
GD: 1; 
Punding + 
DDS: 1; 
Punding + 
HS:1 

Sex, age, 
education, 
age at PD 
onset, PD 
duration, 
H&Y, 
UPDRS-
III, total 
LEDD, 
DAED 

NR NR Increased connectivity 
of the left habenula and 
the thalamus and 
striatum bilaterally and 
left posterior cingulum; 
between the right 
habenula and dorsal 
thalamus bilaterally; 
between the left 
amygdala and the 
thalamus bilaterally 
and left striatum; 
between the right 
amygdala and the left 
thalamus and caudate 

ICB+  
 
 
 
 
 

Decreased connectivity 
between the left 
habenula and the left 
frontal cortex; between 
the right habenula and 
the left posterior 
parietal regions; 
between the right 
amygdala and the right 
hippocampus 
 

ICB+ ¯ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Navalpotro
-Gomez et 
al. (2020) 
 

rs-fMRI ICB+: 16 
ICB-: 20 

QUIP; 
QUIP-rs; 
clinical 
interview 

HS: 3; BE: 
2; CS: 1; 
HS+BE: 2; 
GD+BE: 1; 
CS+HB: 2; 
BE+ HB: 3; 
HS+CS+BE: 
1; HS+CS+ 
punding+HB
: 1 

Sex, age, 
education, 
premorbid 
IQ, PD 
duration, 
UPDRS-
III, H&Y, 
total 
LEDD, 
DAED 

NR PwP were studied 
under the effect of their 
usual dopaminergic 
medication.  

Engaged for a 
longer time in a 
brain configuration 
patter characterized 
by enhanced 
within-network 
functional 
connectivity in 
temporal, 
frontoinsular, and 
cingulate cortices, 
key nodes of the SN  

ICB+  
 

Paz-
Alonso et 
al. (2020) 

Task-based 
fMRI 
(Iowa 
Gambling 
Task) 

ICB+: 18 
ICB-: 17 

QUIP; 
QUIP-rs; 
clinical 
interview 

HS: 3; BE: 
3; HS+BE: 
2; GD+BE: 
1; CS+HB: 
2; BE+ HB: 
3; 
HS+CS+BE: 
1; HS+CS+ 
punding+HB
: 1; 
HS+CS+BE
+punding: 1; 
CS+BE+HB
:1 
 

Sex, age, 
education, 
premorbid 
IQ, PD 
duration, 
UPDRS-
III, H&Y, 
total 
LEDD, 
DAED 

NR All assessments and 
MRI scanning of PwP 
were done in the 
morning while they 
were still under the 
effect of their first 
regular dose of 
dopaminergic 
medication. 

During IGT 
performance, hyper
activation in right 
subthalamic 
nucleus, right IFG, 
right VS 
 
 

ICB+  
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for defining 
medication state 

Brain region* Findings:  
ICB+ vs. 
ICB- 

Petersen et 
al. (2018) 

rs-fMRI 
(ON/OFF) 

ICB+: 19 
ICB-: 18 

QUIP; 
semi-
structured 
interview 
(PwP and 
spouse) 

HB:12; 
BE:13; 
HS:12; 
CS:4 

Sex, age, 
PD 
duration, 
total 
LEDD, 
DA 
LEDD, 
CES-D 

NR PwP refrain from taking 
all dopaminergic 
medications prior to the 
off-dopamine therapy 
scan (16 h for LD, 36 h 
for DA) For the on-DA 
scan, PwP took their 
prescribed DA dosage 
(but not LD) 
 

Increased connectivity 
between VS and the 
dorsal anterior 
cingulate gyrus, OFC, 
insula, putamen, globus 
pallidus, and thalamus. 
No main effect for 
drug. 

ICB+  
 

Politis et 
al. (2013) 

Task-based 
fMRI 
(sexual 
cues, 
rewarding 
cues and 
neutral 
stimuli, 
ON/OFF) 

ICB+: 12 
ICB-: 12 

Proposed 
operational 
diagnostic 
criteria   

HS:4; 
HS+CS:2; 
HS+DDS:
2; 
HS+CS+B
E:2; HS+ 
GD 
+BE+CS:1
; 
HS+DDS+
GD+BE:1 

Sex, age, 
PD 
duration, 
UPDRS-III 
(ON and 
OFF 
medication
), total 
LEDD, 
MMSE 

LD LEDD: 
ICB+<ICB-; 
DA LEDD: 
ICB+>ICB- 

PwP scanned in OFF 
medication condition and 
in ON 
medication condition 
after receiving an oral 
dose of LD  
45 min prior to the scan 
starting. 
Motor performance was 
assessed with the 
UPDRS-III at 
baseline and immediately 
before scanning to ensure  
response to medication 
(defined as >25% 
improvements in 
UPDRS-III scores) 

Sexual cues vs. neutral 
stimuli: 
Increased BOLD 
activity in the OFC, 
ACC, PCC, left 
amygdala, VS, 
hypothalamus, anterior 
prefrontal cortex, 
superior parietal lobule, 
lateral right inferior 
parietal lobule (in ON 
and OFF) 
 

ICB+  
 
 
 

Decreased BOLD 
activity in the insula 
and right claustrum (in 
the OFF scan only) 

ICB+ ¯ 
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Table 5. 8 (continued) Key details of the 17 functional studies on DRT PwP including imaging technique, PwP numbers, ICBs type, 

matching/unmatching variables, and outcome. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Ruitenberg 
et al. 
(2018) 

rs-fMRI ICB+: 21 
ICB-: 30 

QUIP 
 

GD: 1; 
HS:9; 
CS:7; 
BE:11; 
others:6; 9 
multiple 
ICBs 

Sex, age, 
age at PD 
onset, PD 
duration, 
UPDRS-
III, total 
LEDD, 
MoCA, 
NART-R 

NR PwP were tested while 
their symptoms were 
being well controlled 
by DRT. UPDRS-III 
was used to assess 
motor symptoms 
 

Increased 
connectivity 
between the left 
subthalamic 
nucleus and the left 
parietal operculum 

ICB+  
 

Tessitore, 
Santangelo 
et al. 
(2017) 

rs-fMRI  ICB+: 15 
ICB-: 15  

MIDI HS:13; 
BE:8; 
GD:1 

Sex, age, 
education, 
PD 
duration, 
H&Y, 
UPDRS-
III, total 
LEDD, 
DAED, 
HAM-D, 
HADS, 
MMSE 
 

-- PwP were assessed in 
the morning during the 
ON medication state 

Increased activity in 
bilateral insula and 
right ventral 
striatum (SN), and 
left middle 
temporal gyrus 
(DMN) 
 

ICB+  
 
 

Decreased activity 
in DLPFC and the 
inferior parietal 
cortices (CEN) 
 

ICB+ ¯ 
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Table 5. 8 (continued) Characteristics of the seventeen studies included in the systematic review: functional studies in DRT PwP. 

Ref. Imaging 
technique 

Subjects  ICBs 
diagnosis 

ICBs type: 
N 

Matched 
variables 

Unmatched 
variables 

Criteria for 
defining 
medication state 

Brain region* Findings:  
ICB+ vs. ICB- 

Verger et 
al. (2018) 
 
 

PET ICB+: 18 
ICB-: 18  

MIDI; 
DSM-IV-
TR; 
clinical 
interview 

GD:4; HS: 
2; CS:3 
GD+HS:4; 
CS+ GD:3; 
CS+ HS:3; 
ICD+DDS:
3 

Sex, age, PD 
duration, 
H&Y (OFF 
medication), 
UPDRS-III 
(ON and 
OFF 
medication), 
total LEDD, 
DAED, 
Mattis scale, 
BDI, LARS 

NR NR Increased metabolism in 
right middle and inferior 
temporal gyri 
 

ICB+  
 

Increased positive 
connectivity with right 
middle and inferior 
temporal gyri and right 
middle temporal gyrus, 
right middle and inferior 
frontal gyri, right middle 
and superior temporal gyri 
and parietal inferior lobule 
 

ICB+  

Increased negative 
connectivity with right 
middle and inferior 
temporal gyri and left 
caudate and right 
parahippocampal gyrus 

ICB+  

 

Legend. ACC: anterior cingulate cortex; AMNART: American version of the national adult reading test; ASL: arterial spin labeling; BA: 

Brodmann Area; BDI: Beck Depression Inventory; BE: binge eating; BOLD: blood oxygen level dependent signal; CBF: cerebral blood flow; 

CEN: central executive network; CESD-R: Center for Epidemiologic Studies Depression Scale Revised; CS: compulsive shopping; DA: 

dopamine agonists; DAED: dopamine agonists equivalent daily dose; DDS: dopamine dysregulation syndrome; DSM-IV-TR: Diagnostic and 
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statistical manual of mental disorders – fourth edition text revision; DLPFC: dorsolateral prefrontal cortex; DMN: default mode network; DRT: 

drug replacement therapy; fMRI: functional magnetic resonance imaging; GD: gambling disorder; GDS: geriatric depression scale; HADS: 

Hospital anxiety and depression scale; HAM-D: Hamilton depression rating scale; HB: hobbyism; H&Y: Hoehn & Yahr score; HS: 

hypersexuality; IA: internet addiction; ICBs: impulsive compulsive behaviours; ICB+: PwP with ICBs; ICB-: PwP without ICBs; IFG: inferior 

frontal gyrus; LARS: Lille Apathy Rating Scale; LD-LEDD: levodopa equivalent daily dosage levodopa only; LD: levodopa; MIDI: Minnesota 

Impulsive Disorders Interview; MMSE: Mini-mental state examination; MoCA: Montreal cognitive assessment; MRI: magnetic resonance 

imaging; NAc: nucleus accumbens; NART-R: National adult reading test-revised; OFC: orbitofrontal cortex; PET: positron emission 

tomography; PCC: posterior cingulate cortex; PwP: persons with Parkinson’s disease, ref.: reference; QUIP: Questionnaire for Impulsive-

Compulsive Disorders in Parkinson’s disease; QUIP-rs: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease – rating scale; 

rs-fMRI: resting state functional magnetic resonance imaging; SOGS: South Oaks gambling screen test; SN: salience network; SPECT: single 

photon emission computed tomography; Total LEDD: levodopa equivalent daily dose total; UPDRS-III: Unified Parkinson’s disease rating scale 

part III (motor subscale) score; VLPFC: ventrolateral prefrontal cortex; vmPFC: ventromedial prefrontal cortex; VS: ventral striatum; 

*comparison between ICB+ vs. ICB-. 
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Discussion 

The main objective for this systematic review was to report whether ICBs in 

PD are marked by abnormal brain structures and functional networks in areas related 

to incentive-driven decision-making, and whether brain changes predate ICBs onset. 

The main findings from structural imaging studies were inconclusive. There 

was no consistent association between ICBs, both in medicated and drug naïve PwP, 

and changes in VBM, Cth, or white matter tracts in lateral prefrontal areas related to 

domain-specific and domain-general cognitive control (Badre & Nee, 2018), or in 

dorsomedial prefrontal cortex and subcortical structures implicated in motivation and 

salience response. On the other hand, results from functional imaging studies were 

more consistent, revealing four key findings. 

The first key finding is that changes in resting-state networks activation were 

most consistently reported in the salience network, the central executive network 

(CEN) and the default mode network (DMN), both in medicated and drug naïve 

PwP. Medicated ICB+ showed reduced functional connectivity within the CEN and 

increased connectivity in the DMN and salience network (Tessitore, Santangelo, et 

al., 2017). The same results were reported in drug naïve PwP who later developed 

ICBs, except for the DMN that showed decreased connectivity compared to ICB- 

PwP (Tessitore, De Micco, et al., 2017). The DMN is active during internally-

directed thoughts such as mind wondering, and it is suspended during cognitively-

demanding tasks and goal-directed behaviours. It includes the ventromedial 

prefrontal cortex, posterior cingulate cortex, inferior parietal cortex and medial 

temporal lobe. The CEN is engaged when a cognitively demanding task or a goal-

directed behaviour requiring attention is being performed, and is composed by the 

DLPFC and inferior parietal cortex (Tessitore, Santangelo, et al., 2017; Uddin, 
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Kelly, Biswal, Castellanos, & Milham, 2009). The salience network is activated by 

salient or rewarding stimuli (cognitive, emotional or homeostatic) therefore 

facilitating the DNM/CEN switching. It includes limbic-paralimbic structures, such 

as anterior insula, the anterior cingulate cortex, and the ventral striatum. In summary, 

resting-state networks findings highlight abnormal functional connectivity within 

regions involved in cognitive control (i.e., CEN) and in motivational processing (i.e., 

salience network) (Badre & Nee, 2018; Botvinick & Braver, 2015) which predate 

ICBs and remain stable once are fully developed. A limitation of the static functional 

connectivity studies is that connectivity is time-invariant. Dynamic functional 

connectivity takes into account the time-variant dynamic coupling that exists 

between nodes in a network (Menon & Krishnamurthy, 2019; Nomi et al., 2017). 

The study by Navalpotro-Gomez et al. (2020) is the only one to date to examine 

time-variant functional connectivity of ICBs in PD, and found that ICB+ were 

engaged across time in a brain configuration pattern characterized by lack of 

between-network connections at the expense of strong within-network connections 

in temporal, frontoinsular and cingulate cortices, all key nodes of the salience 

network. The increased temporal predominance of this state may be a consequence 

of, or lead to a reduction in the frequency of transitions between brain states, which 

is important for neural flexibility mediated through reconfiguration of general brain 

state organization (Nomi et al., 2017). The abnormally high connectivity within the 

salience network may lead ICB+ PwP to long and unregulated motivational states 

focused on or abnormally weighted towards reward-seeking behaviours. We may 

speculate that, along time, synaptic plasticity related to craving causes long-term 

potentiation in incentive-driven decision-making networks, as supported by evidence 

of ICBs development years after DRT initiation (Antonini et al., 2016). Once DRT 
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doses is decreased, ICBs may remit although it will reappear if PwP are exposed to 

the same dose. 

The second key finding is that resting-state studies showed changes that 

mainly reflect an increase in brain metabolism (Marín-Lahoz et al., 2020; Verger et 

al., 2018) and cerebral blood flow (Cilia et al., 2008; Claassen et al., 2017) in brain 

areas belonging to the incentive-driven decision-making networks, such as the 

orbitofrontal cortex, amygdala, insula, ventral striatum, posterior cingulate cortex, 

parahippocampus and hippocampus, middle and inferior temporal, and 

supramarginal gyri. It has been suggested that the enhanced overdrive of the 

mesocorticolimbic system in response to DRT requires preserved metabolism to take 

action, and this may explain why ICB- PwP, who show lower metabolic preservation 

are less keen to develop ICBs under DRT (Marín-Lahoz et al., 2020). 

The third key finding is that resting-state studies showed abnormal ventral 

striatal connectivity in ICB+. Ventral striatum show increased connectivity with 

limbic structures (e.g., habenula, amygdala, thalamus, insula) (Markovic et al., 2017; 

Petersen et al., 2018; Tessitore, Santangelo, et al., 2017), and decreased connectivity 

with the anterior cingulate cortex (Cilia et al., 2011). Furthermore, increased cerebral 

blood flow in the ventral striatum and frontal cortex is evident when “on” but not 

“off” medication (Claassen et al., 2017). Taken together these results not only 

evidence that ventral striatum is a brain area consistently associated with ICBs in PD 

but also that it is sensitive to the effect of DRT in ICB+ group only. Abnormal 

frontostriatal connectivity may disrupt integration of cognitive control and 

motivational inputs during incentive-driven decision-making. 

The fourth key finding is that task-based fMRI studies showed increased 

rather than decreased BOLD signal during exposition to reward-related cues, and 
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during tasks measuring risk-taking and temporal discouting in the subthalamic 

nucleus, inferior frontal gyrus and ventral striatum, anterior and posterior cingulate 

cortex, ventromedial prefrontal cortex, and orbitofrontal cortex (Frosini et al., 2010; 

Girard et al., 2019; Loane et al., 2015; Paz-Alonso et al., 2020). The pattern of 

activation is generalized across ICBs type albeit each study focused on a specific and 

different ICBs. 

 

Methodological considerations 

Some limitations should be acknowledged. 

First, in some studies ICBs were diagnosed using the Questionnaire for 

Impulsive-Compulsive Disorders in Parkinson’s disease (QUIP) (Ricciardi et al., 

2018; Ruitenberg et al., 2018; Zadeh et al., 2018), which is a validated screening tool 

with high sensitivity (94%) but low specificity (72%) to ICBs in PD, thereby 

possibly inflating the number of false positive subjects. Other studies used the 

Minnesota Impulsive Disorders Interview only (Tessitore et al., 2016; Tessitore, 

Santangelo, et al., 2017), without specifying how the ICBs not included in the 

interview (i.e. binge eating, punding/hobbyism, and dopamine dysregulation 

syndrome) were investigated. Although screening questionnaires are easily 

administrable and time-saving tools, ICBs should always be confirmed by a clinical 

interview based on diagnostic criteria. Caregiver should also be interviewed 

separately to confirm the diagnosis. Between-studies heterogeneity in procedures to 

ascertain ICBs may account for the discrepancy in their findings. 

Second, most of the studies were constrained by small sample size, with the 

smallest including 7 ICB+ and 7 ICB- (Frosini et al., 2010), the largest including 58 

ICB+ and 52 ICB- (Biundo et al., 2015), and none of them reporting power analysis 
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calculation. Underpowered studies may not detect a true effect and may reduce the 

likelihood for a significant result to reflect a true effect (Button et al., 2013). When 

economic resources are limited, larger samples can be obtained through collaborative 

research or using available shared databases (Poldrack, 2019). 

Third, protocols of acquisitions and data analysis were not uniform across 

studies thereby limiting comparison. There is variability in scan duration, pre-

processing and analysis, statistical threshold and methods to correct for multiple 

comparisons, with more liberal statistical thresholding procedure such as the false 

discovery rate, which in some cases may have inflated the false positive rate (Biundo 

et al., 2015; Canu et al., 2017; Cilia et al., 2008; Frosini et al., 2010; Loane et al., 

2015; Markovic et al., 2017; Politis et al., 2013; Tessitore et al., 2016; Zadeh et al., 

2018). Methodological differences can explain the lack of consistency in the results 

reported in this systematic review. For example, the inclusion of the ventral caudate 

and putamen in the ventral striatum seed region, rather than the nucleus accumbens 

alone (Carriere et al., 2015; Petersen et al., 2018). Replication studies using the same 

acquisition and analysis protocol are needed. 

Fourth, a potential bias factor in resting-state studies is whether PwP are in 

“on” or “off” state. Most of the studies did not provide information to ensure that 

PwP were in a stable “on” state during MRI scan that may be long-lasting. Strategies 

that could be adopted include two resting-state sessions to increase reliability, 

exclude PwP with unpredictable “on-off” changes, or measure delta changes 

between motor symptoms score “on” vs. “off” medication.  

Fifth, ICB+ and ICB- were not always fully matched for clinical variables 

that may predict or be associated with ICBs, thus these covariates might have 

contributed to neuroimaging findings. For example, in some studies ICB+ PwP had 
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higher levels of apathy and depression compared to ICB- ones (Canu et al., 2017; 

Imperiale et al., 2018; Markovic et al., 2017; Navalpotro-Gomez et al., 2020). The 

lack of consistency in the results may be due to between-studies differences in PD 

duration, co-presence of non-motor symptoms other than ICBs, or gender imbalance, 

since gender has been differently associated with specific ICB types (Weintraub et 

al., 2010). Disease-related gender-specific patterns of intrinsic brain connectivity, 

which may be differently affected by DRT, have been reported (De Micco et al., 

2019). 

Finally, the tasks used in the fMRI paradigm should reflect the ICB type 

investigated, otherwise their validity should be questioned. For example, in 1/5 task-

based fMRI studies a gambling-related visual stimuli task has been used to also asses 

PwP with hypersexuality, binge-eating, compulsive shopping, hobbyism and 

punding (Paz-Alonso et al., 2020); however, a gambling task is not necessary a 

translatable marker of, for example, hypersexuality. Conversely, Girard et al. (2019) 

developed a temporal discounting task using sexual cues with PwP with HS. At the 

same time, other studies used visual drug-, gambling- and sexual-cues exposure with 

PwP all diagnosed with DDS (Loane et al., 2015), pathological gambling (Frosini et 

al., 2010) and hypersexuality (Politis et al., 2013), respectively. It is unknown 

whether different ICBs are supported by (at least in part) different brain structures as 

no study to date have investigate the brain correlates differences of single type ICBs. 

Therefore, it is important that the task used in the scanner resembles as much as 

possible the type of ICBs activity performed outside the scanner. Furthermore, once 

tasks are adapted without validations, they may lose some of their representativeness 

and generalisability. The link between surrogate research markers and clinical 
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behaviour should be cautiously interpreted until validated measures will be 

developed. 

Limitations of the published reports and recommendations for future studies 

are provided in Table 5.9. 
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Table 5. 9 Limitations of the published reports and recommendations for future 

studies.  

Limitations Recommendations  
Sample selection 

ICBs group allocation 
(diagnosis) 

Use validated screening questionnaires followed by full diagnostic 
interview based on published or proposed criteria 
  

Confounding variables 
(homogeneity of the 
sample) 

PD groups should be matched for PD-related clinical variables 
(i.e., motor and non-motor symptoms) 
  

Uncertain ON during rs-
fMRI 

Two resting state runs to increase reliability; PwP with 
unpredictable ON-OFF changes excluded; assessment of delta 
changes between UPDRS-III score ON vs. OFF compared to the 
UPDRS-III score immediately before MRI acquisition  
 

Paradigms 
Validity Use validated tasks in task-based fMRI studies. The tasks used 

should mirror the behaviour performed outside the scanner. 
Statistical Power 

Low sample size Information about power analysis should be provided; multicentre 
studies can increase recruitment rate and consequently power of the 
study  

Statistical analysis 
Statistical threshold and 
methods to correct for 
multiple comparisons  

Use more stringent thresholding procedures in order to reduce the 
false positive rate 

Results 
Between studies 
comparisons  

Provide results in Talairach or Montreal Neurological Institute 
coordinates, which can be meta-analysed using activation 
likelihood estimation approach  

Legend. ICBs: impulsive compulsive behaviours; PD: Parkinson’s disease; PwP: 

persons with Parkinson’s disease; UPDRS-III: Unified Parkinson’s disease rating 

scale part III (motor subscale) score; MRI: Magnetic Resonance Imaging; rs-fMRI: 

resting-state MRI. 

 

Conclusions 

Imaging studies have provided evidence of functional differences between 

ICB+ and ICB- in brain regions encompassing cognitive control and motivational 

processing networks, whose interactions support incentive driven decision-making. 

In the last decade over 500 studies on ICBs in PD ranging from clinical to 

neuroimaging and genetic risk factors have been published (Rodríguez-Violante & 
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Antonini, 2019), however we still miss a firm understanding of ICBs neural 

signature. With a better understanding of ICBs underpinnings, pharmacological 

and/or non-pharmacological interventions targeting specific brain areas may be 

developed. 

 

Key Findings 

• In drug naïve PwP, no grey matter predictor of ICBs has been reported, 

whereas differences in functional connectivity within the salience, the 

default mode and the central executive networks predate ICBs 

development. 

• Medicated ICB+ show increase metabolism and cerebral blood flow in 

orbitofrontal cortex, ventral striatum, amygdala, insula, posterior 

cingulate cortex, parahippocampus, inferior temporal and 

supramarginal gyri during resting-state. 

• Medicated ICB+ show increased activity in ventral striatum, anterior 

and posterior cingulate cortices, ventromedial prefrontal and 

orbitofrontal cortices, subthalamic nucleus, and inferior frontal gyrus 

during reward-based task performance. 

• Medicated ICB+ show reduced frontostriatal connectivity and increased 

mesolimbic connectivity. 

• Brain changes involve motivation-cognitive control networks, which 

interactions regulate incentive-driven decision-making. 
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Study 6: Dopaminergic neurotransmission in persons with Parkinson’s disease 

and Impulsive-compulsive behaviours: a systematic review and meta-analysis of 

PET/SPECT studies11 

The study presented in this chapter has been published (Martini, Dal Lago, Edelstyn, 

Salgarello, et al., 2018), and is reproduced with permission of the copyright holder.  

 

 

Abstract 

Background: According to the dopaminergic overdose hypothesis, the 

dopamine replacement therapy (DRT) dose required to restore the dopaminergic 

levels in the motor dorsal striatum may overstimulate the relatively intact ventral 

striatum, which activity mediates reward-related behaviour, leading to impulsive-

compulsive behaviours (ICBs). Brain positron emission tomography (PET) and 

single-photon emission computed tomography (SPECT) studies can provide a direct 

measurement of putative dopaminergic differences between persons with 

Parkinson’s disease (PwP) with and without ICBs. The present study is the first 

systematic review and meta-analysis of PET or SPECT studies reporting striatal 

dopaminergic function in PwP with ICBs.  

Methods: PubMed, Science Direct, EBSCO, and ISI Web of Science 

databases were searched (from inception to the 7-03-2018) for PET or SPECT 

studies reporting striatal dopaminergic function in PwP with ICBs vs. without ICBs. 

Studies including drug naïve PwP, exploring non-pharmacological procedures (e.g., 

deep brain stimulation), using brain blood perfusion or non-dopaminergic markers 

 
11 Martini, A., Dal Lago, D., Edelstyn, N.M.J., Salgarello, M., Lugoboni, F., Tamburin, S., 
(2018).  Dopaminergic neurotransmission in patients with Parkinson’s disease and Impulse Control 
Disorders: a systematic review and meta-analysis of PET and SPECT studies. Frontiers in Neurology, 
9 (1018). 
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were excluded. Standardized mean difference (SDM) was used and random-effect 

models were applied. Separate meta-analyses were performed for dopamine 

transporter level (DAT), dopamine (DA) release, and DA receptors availability in the 

putamen, caudate, dorsal and ventral striatum.  

Results: 238 studies were screened (title and abstract), of which 19 full-texts 

were assessed, and 9 were included (ICB+: 117 PwP; ICB-: 175 PwP). ICB+ showed 

a significant reduction of dopamine transporter binding in the putamen (SDM = 

−0.46; 95% CI: −0.80, −0.11; Z = 2.61; p = 0.009), caudate (SDM=−0.38; 95% CI: 

−0.73, −0.04; Z = 2.18; p = 0.03) and dorsal striatum (SDM= −0.45; 95% CI: −0.77, 

−0.13; Z = 2.76; p = 0.006), and increased dopamine release to reward-related 

stimuli/gambling tasks in the ventral striatum (SDM = −1.04; 95% CI: −1.73, −0.35; 

Z = 2.95; p = 0.003). Dopamine receptors availability did not differ between groups. 

Heterogeneity was low for dopamine transporter in the dorsal striatum (I2 = 0%), 

putamen (I2 = 0%) and caudate (I2 = 0%), and pre-synaptic dopamine release in the 

dorsal (I2 = 0%) and ventral striatum (I2 = 0%); heterogeneity was high for dopamine 

transporter levels in the ventral striatum (I2 = 80%), and for dopamine receptors 

availability in the ventral (I2 = 89%) and dorsal (I2 = 86%) striatum, putamen (I2 = 

93%), and caudate (I2 = 71%). 

Conclusions: ICB+ PwP show lower dopaminergic transporter levels in the 

dorsal striatum and increased dopamine release in the ventral striatum when engaged 

in reward-related stimuli/gambling tasks. This dopaminergic imbalance might 

represent a biological substrate for ICBs in PD. Adequately powered longitudinal 

studies with drug naïve PwP are needed to understand whether these changes may 

represent biomarkers of premorbid vulnerability to ICBs. 
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Introduction 

ICBs are considered a complication of DA agonist treatment and, to a lesser 

extent, levodopa (Weintraub et al., 2010). This is supported by higher ICBs rates in 

medicated PwP compared to healthy controls (Erga et al., 2017; Perez-Lloret, Rey, 

Fabre, Ory, Spampinato, Brefel-Courbon, et al., 2012; Rodríguez-Violante et al., 

2014; Valença et al., 2013) and drug naïve PwP (Antonini et al., 2011; Weintraub et 

al., 2013). 

Studies in healthy volunteers show a modulatory effect of DA agonists on 

impulsivity; however, the direction of the effect is unclear, in that some studies 

report increased impulsivity while other ones show decreased impulsivity to DA 

agonists. For example, d-amphetamine decreases impulsive behaviour on the Stop 

task and in the Go/No-Go task (measured as Stop reaction time and number of false 

alarms), and decreases delay discounting (de Wit, Enggasser, & Richards, 2002). 

However, levodopa and DA agonist pramipexole increase impulsivity on delay 

discounting and gambling tasks (Pine, Shiner, Seymour, & Dolan, 2010; Riba, 

Krämer, Heldmann, Richter, & Münte, 2008). This implies that impulsivity is 

modulated by a complex interplay of DA activity across a network of systems, and 

DA agonists disrupt the balance between brain areas modulating impulsivity. 

In the first stages of PD, ventral striatum activity is relatively more preserved 

than the dorsal striatum (Braak et al., 2004). Therefore, the dopaminergic treatment 

dose required to restore motor dorsal striatal dopaminergic levels may overstimulate 

the relatively intact ventral striatum (Voon, Mehta, et al., 2011). This 

hyperdopaminergic state may promote an abnormal activity in the connected cortico-

striatal cognitive and limbic motivational pathways that mediate incentive-driven 

behaviour (Claassen et al., 2017). As a consequence, the control of goal-directed 
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behaviour is impaired, facilitating ICBs development. It should be noted that If the 

hypothesis of the ventral striatal overstimulation is correct, we may expect the 

presence of ICBs in every PwP treated with DRT, which is not the case. Therefore, 

the ventral striatal overstimulation may be one factor predisposing the development 

of ICBs in vulnerable individuals but not the only requirement for an ICB to be acted 

out. It cannot be excluded that compensatory mechanisms (e.g., behavioural, 

cognitive, neural) may be recruited in order to prevent an ICB from becoming 

clinically present (e.g., regular surveillance by carers, or being inpatient which 

means that PwP can adjust their motivation for acting or not the ICB).  

If ICBs in PD are linked to the disruption of the equilibrium in DA activity 

across ventral and dorsal striatum, then PET and SPECT can provide a direct 

measurement of putative dopaminergic differences between PwP with and without 

ICBs. These nuclear medicine techniques use molecular imaging to assess 

biochemical, neurochemical, or pharmacological processes in the brain. For 

example, changes in neurotransmission can be detected using radiotracers with high 

affinity for DA receptors.  

When a radiotracer is injected, it competes with DA for binding to free 

dopamine receptors. Thus, if DA is released endogenously, radiotracer binding can 

therefore be used as a marker for DA release (Badgaiyan, 2014). According to the 

binding affinity and the type of radiotracer, it is possible to investigate the nature of 

the dopaminergic dysfunction, whether linked to DA release, dopaminergic re-

uptake in the presynaptic terminals, and D2/3 post-synaptic receptors availability. The 

spatial resolution of current PET and SPECT machines allows separate assessment 

of the dorsal and ventral striatal regions, and their components (i.e., putamen, 

caudate). 
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A limitation of the PET and SPECT studies of ICBs in PD published so far is 

the small sample size, with the largest study including 21 PwP with ICBs and 68 

without ICBs (Premi et al., 2016) and the smallest including 7 PwP with ICBs and 7 

without ICBs (Steeves et al., 2009). Small sample sizes are not surprising, given the 

high cost of PET and SPECT exams. Moreover, variability in clinical and 

demographic characteristics, types of tracer, protocols of analysis and scanners 

makes the comparison between studies difficult. 

A meta-analytic approach can overcome these limitations. Low powered 

studies can be combined and differences in striatal dopaminergic function between 

PwP with and without ICBs estimated with a higher reliability. This is the first 

systematic review and meta-analysis of striatal PET/SPECT studies on ICBs in PD. 

 

Aim 

The aim of this study was to investigate differences in striatal dopaminergic 

functioning of PwP with and without ICBs. To this aim, PET and SPECT based 

reports on dopamine transporter level, presynaptic dopamine release, and post-

synaptic D2/3 receptors availability in the ventral and dorsal striatum were 

systematically reviewed and meta-analysed. 

 

Method 

Study design, participants and comparators 

A systematic review and meta-analysis were performed to identify striatal 

dopaminergic activity associated with ICBs in PD under DRT (ICB+). The 

comparator group was persons with PD but no history of ICBs (ICB-). 
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Search strategy 

The PubMed, Science Direct, EBSCO, and ISI Web of Science databases 

were searched for peer-reviewed studies on PET or SPECT striatal dopaminergic 

function in PD-related ICBs, and published from database inception until the 7th of 

March 2018. The following search string was used: “((Parkinson’s disease OR 

Parkinson) AND (impulse control disorders OR impulse control disorder OR 

impulsive compulsive behaviors OR impulsive compulsive behaviours OR impulsive 

compulsive behavior OR impulsive compulsive behaviour OR ICB OR ICB OR 

hypersexuality OR gambling OR buying OR shopping OR eating)) AND (Positron 

emission tomography OR PET OR Single Photon Emission Computed Tomography 

OR SPECT OR SPET OR DaTSCAN)”. A total of 384 papers were identified. After 

the exclusion of duplicates, 238 papers went through title and abstract screening. 

Two authors (AM, DDL) independently screened titles and abstracts using Rayyan 

software (Ouzzani et al., 2016) and 17 papers were included in the full-text 

screening. The reference lists of these papers were manually searched for additional 

studies missed in the databases search, and two relevant papers were included at this 

stage. Two authors (AM, DDL) independently evaluated the 19 papers selected for 

full-text examination and disagreements were planned to be resolved via discussion 

with a third author (ST). However, there was 100% agreement between the two 

authors. Nine studies were included for quantitative analysis. The PRISMA diagram 

of the study is presented in Figure 5.5. List of studies excluded at the full-text 

screening stage with reasons for exclusions is provided in the Appendix AS.
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Figure 5. 5 PRISMA diagram of the study (www.prisma-statement.org). ICBs: 

impulsive-compulsive behaviours; ORs: odds ratios; PET: positron emission 

tomography; SPECT: single-photon emission computed tomography.
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Selection criteria 

Studies were included if they met the following inclusion criteria: i) PET or 

SPECT study; ii) PwP without ICBs (ICB-) compared with PwP with ICBs (ICB+); 

iii) data reported for at least one striatal region; iv) independence of the sample. 

Therefore, if a study sample was reported in multiple publications, only the study 

with the largest sample was included. 

Studies were excluded if they were reviews, case studies, commentaries, 

letters, abstracts and dissertations, conference papers, and postal surveys. Contrary to 

Study 5, studies including drug naïve PwP were not included in the meta-analysis. 

There were only two PET/SPECT studies performed in drug naïve PwP (Smith et al., 

2016; Vriend, Nordbeck, et al., 2014), with one of them not including separate 

means and SDs for ICB+ and ICB- groups (Smith et al., 2016), therefore precluding 

their inclusion in a separate meta-analysis of drug naïve PwP (i.e., at least two 

studies are needed). Drug naïve PwP represent a different sample than those treated 

with DRT, as the former have shorter PD duration, and are not chronically exposed 

to DRT. Therefore, dopaminergic systems may be affected and stimulated differently 

in medicated and non-medicated PwP. For this reason, including drug naïve and 

DRT PwP in the same analysis may have biased the findings. Studies in which PwP 

underwent deep brain stimulation (DBS) were also excluded, as ICBs may either 

improve or develop after DBS (Samuel et al., 2015). Finally, studies using measures 

of brain blood perfusion were excluded, as they do not explore striatal dopaminergic 

functioning. Similarly, studies using non-dopaminergic markers were excluded. 

 



378 
 

Data extraction 

Corresponding authors of four studies (Cilia et al., 2010; Payer et al., 2015; 

Premi et al., 2016; Stark et al., 2018) were contacted for exact data. Data reported as 

median and range (Joutsa, Martikainen, Niemelä, et al., 2012) were converted to 

mean and SD (Hozo et al., 2005). When standard error was reported, it was 

converted to SD (Steeves et al., 2009; Wu et al., 2015). Two authors (AM, DDL) 

independently extracted the following demographic and clinical data: sample size, 

sex, age at evaluation, age at PD onset, PD duration, education (years), H&Y stage, 

UPDRS-III ON-medication, depression, antidepressant use, antipsychotic use, 

number of PwP under DA agonist treatment, DAED (mg), LD-LEDD (mg), total 

LEDD (mg), ICBs screening tool, and ICBs type. Methodological characteristics of 

the included studies were also extracted: imaging technique (i.e., PET or SPECT), 

type of tracer, reference region, imaging approach, radiotracer delivery method, drug 

delivered prior to scan, medication state (i.e., ON, OFF), withdrawal period. 

The outcomes measures were the differences in the dopaminergic imaging 

parameters (e.g., binding potentials) between PwP with and without ICBs in striatal 

areas (i.e., ventral striatum, dorsal striatum, putamen, caudate). 

 

Data analysis 

Separate meta-analyses were performed for studies focusing on dopamine 

transporter (DAT) level, dopamine release (presynaptic), and dopamine receptors 

availability (postsynaptic) in the ventral striatum, dorsal striatum, putamen, and 

caudate. Data were analysed using ReviewManager v5.3 (The Nordic Cochrane 

Centre, 2014). Standardized mean difference (SMD) was used as effect size 
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measure, with values around 0.2, 0.5 and 0.8 considered as small, moderate and 

large, respectively (Cohen, 1977). 

Heterogeneity between studies was calculated by the I2 value with 

percentages around 25, 50, and 75 considered as low, moderate, and high, 

respectively (Higgins et al., 2003). As PwP samples may vary in their clinical (e.g., 

H&Y stage, UPDRS scores) and demographic characteristics (e.g., age, sex), 

random-effect models were applied.  

Sensitivity analysis was performed by excluding studies clearly stating 

current antipsychotic or antidepressant use, as these drugs may affect dopamine 

receptor binding potential (Howes et al., 2012) or DAT uptake (Voon et al., 2014). 

As the number of studies was low, we lacked the power for conducting 

moderator analysis (Sterne et al., 2011) or visual inspections of funnel plots for 

publication bias (Borenstein, 2009). A p-value of <0.05 was used as statistical 

significance threshold for all the analyses.   

 

Results 

Demographic and clinical characteristics of the 117 ICB+ and 175 ICB- PwP 

reported in the nine studies included in the meta-analysis are reported in Table 5.10. 

Methodological characteristics of the studies included are reported in Table 5.11.  

There was heterogeneity on the procedure to assess ICBs across studies. 

ICBs were diagnosed either with a clinical interview based on the Diagnostic and 

Statistical Manual of Mental Disorders fourth edition text revision (DSM-IV-TR) 

criteria (Cilia et al., 2010; Joutsa, Martikainen, Niemelä, et al., 2012; Lee et al., 

2014; Payer et al., 2015; Stark et al., 2018; Voon et al., 2014), on the Diagnostic and 

Statistical Manual of Mental Disorders fifth edition (DSM-5) criteria (Wu et al., 
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2015) or with the Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s 

disease – rating scale (QUIP-rs) (Premi et al., 2016). In four studies, during the 

clinical interview the following tools were used: the South Oaks gambling screen 

(SOGS) (Cilia et al., 2010; Payer et al., 2015), the Gambling Symptom Assessment 

Scale (G-SAS) (Steeves et al., 2009), the QUIP-rs (Stark et al., 2018), and the Sexual 

Addiction Screening test (Payer et al., 2015). In the paper of Steeves et al. (2009), no 

specific information was provided on criteria for diagnosing ICBs apart from the use 

of SOGS for gambling disorder. 

All PwP were under DRT. In seven studies there were no between-group 

differences in total LEDD or DAED (Cilia et al., 2010; Joutsa, Martikainen, 

Niemelä, et al., 2012; Lee et al., 2014; Stark et al., 2018; Steeves et al., 2009; Voon 

et al., 2014; Wu et al., 2015). One study reported a higher number of PwP under DA 

agonist, however total LEDD and DAED levels were comparable between ICB+ and 

ICB- groups (Premi et al., 2016). In one study ICB+ had higher LD-LEDD than 

ICB- (Payer et al., 2015).   
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Table 5. 10 Demographic and clinical characteristics of the studies included in the meta-analysis.  

Ref Pts  
(males) 

Age (y)* PD onset (y)* PD duration 
(y)* 

Edu (y)* H&Y* UPDRS-III 
(ON)* 

Depression 

as exclusion 
criteria? 

Antidep 
(N) 

Cilia et al. 

(2010) 
ICB+: 8 (7) 

ICB-: 21 (11) 

ICB+: 60.7 (7.5) 

ICB-: 60.1 (9.4) 

NR ICB+: 6.25 (2) 

ICB-: 6.1 (2.4) 

NR ICB+: 2.1 (0.74)  

ICB-: 2 (0.53) 

ICB+: 18.1 (9.3) 

ICB-: 20.2 (5.6) 

NO (GDS 

available) 

NO 

Joutsa et 

al. (2012) 
ICB+: 10 

ICB-: 10 

ICB+: 61.5 (45-

7)¶ 

ICB-: 61.5 (53-

7)¶ 

ICB+: 53 (40-

64)¶ ICB-: 57 

(47-63)¶ 

ICB+: 7 (3-9)¶ 

ICB-: 5 (1-8)¶ 

NR All PwP were in 

stages 2 to 3 

ICB+: 31 (24-

41)¶  

ICB-: 32 (19-

49)¶ 

NO NR  

Lee et al. 

(2014) 
ICB+: 11 (8) 

ICB-: 11 (6) 

ICB+: 56.6 (8.7) 

ICB-: 58.5 (7.3) 

ICB+: 46.4 

(8.7) 

ICB-: 49.2 

(7.3) 

ICB+: 10.1 

(6.9) ICB-: 9.4 

(2.3) 

NR ICB+: 2.3 (0.4)  

ICB-: 2.1 (0.5) 

ICB+: 14.2 

(11.0)  

ICB-: 15.3 (7.6) 

YES NO 

Payer et 

al. (2015) 
ICB+: 11(9) 

ICB-: 21 (11) 

ICB+: 58.9 (7.8) 

ICB-: 63.3 (8.7) 

NR ICB+: 12.1 

(3.7) ICB-: 7.4 

(4.5) 

ICB+: 15.5 

(2.7) 

ICB-: 15.1 

(1.8) 

NR ICB+: 33.1 

(10.2)  

ICB-: 28.1 

(10.6) 

YES YES: 

ICB+: 1 

ICB-: 0 

Premi et 

al. (2016) 
ICB+: 21 (16) 

ICB-: 63 (38) 

ICB+: 65.8 (8.4) 

ICB-: 68.5 

(11.0) 

NR ICB+: 1.9 (2.2) 

ICB-: 1.7 (2.4) 

NR 

 

ICB+: stage 1 (N 

=4); stage 1.5 (N 

= 3); stage 2 (N = 

5); stage 2.5 (N = 

5); stage 3 (N = 4) 

ICB-: stage 1 (N 

= 8); stage 1.5 (N 

= 13); stage 2 (N 

= 18); stage 2.5 

(N = 17); stage 3 

(N = 7) 

ICB+: 16.5 (7.2)  

ICB-: 14.6 (7.7) 

NO YES:   

ICB+: 2 

ICB-: 10 
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Table 5. 10 (continued) Demographic and clinical characteristics of the studies included in the meta-analysis. 

Ref Pts  
(males) 

Age (y)* PD onset (y)* PD duration 
(y)* 

Edu (y)* H&Y* UPDRS-III 
(ON)* 

Depression 

as exclusion 
criteria? 

Antidep (N) 

Stark et al. 

(2018) 
ICB+: 17 (11) 

ICB-: 18 (13) 

ICB+: 60.9 (6.6) 

ICB-: 62.7 

(10.1) 

NR ICB+: 5.7 (3.2) 

ICB-: 6.1 (4.5) 

NR NR NR YES  NR (unlikely 

considering 

the 

exclusion 

criteria) 

Steeves et 

al. (2009) 
ICB+: 7 (5) 

ICB-: 7 (6) 

ICB+: 47-72§ 

ICB-: 51-74§ 
NR ICB+: 7.4 (3.2)  

ICB-: 5.6 (2.5) 

NR ICB+: 2 (0.6)  

ICB-: 1.9 (0.7) 

OFF 

medication: 

ICB+: 25.2 (4.5) 

ICB-: 20.2 (5.4) 

NO NR 

Voon et al. 

(2014) 
ICB+: 15 (9) 

ICB-: 15 (9) 

ICB+: 55.1 (8.9) 

ICB-: 60.1 (8) 

NR ICB+: 7.5 (5.4) 

ICB-: 5.5 (5.2) 

 

NR ICB+: 3†  

ICB-: 3† 

NR NR NR 

Wu et al. 

(2015) 
ICB+: 17 

ICB-: 9 

S-ICB: 62.3 

(3.9)|| M-ICB: 

58.1 (2.8)|| 

ICB-: 60.2 (3.2)|| 

S-ICB: 51.7 

(4)|| M-ICB: 

43.8 (3.4)|| 

ICB-: 50.3 

(3.4)|| 

S-ICB: 10.6 (2)|| 

M-ICB: 14.3 

(11.2)||  

ICB-: 9.9 (2.1)|| 

NR NR OFF 

medication: 

S-ICB: 42.1 

(3.8)|| 

M-ICB: 41 

(3.5)|| 

ICB-: 32.8 (3)|| 

NO (but BDI 

scores 

available) 

NR 
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Table 5.10 (continued). Demographic and clinical characteristics of the studies included in the meta-analysis. 

Ref Antipsy 
use (N) 

Drugs that 
may affect 

PET 
binding 

exclusion 
criterion 

PwP 
under DA 
treatment 
(N/Total) 

 LEDD (mg)  Dementia 
excluded 

ICB 
Total LEDD* LD-LEDD* DAED* Diagnosis** Type: N 

Cilia et al. 

(2010) 
NO YES NR ICB+: 

831.2(293.6) 

ICB-: 852.3 

(301.1) 

NR ICB+: 240.6 

(118) 

ICB-: 251.6 

(121) 

YES 

(MMSE<24) 

Clinical interview 

(DSM-IV-TR 

criteria); SOGS 

2 GD; 5 GD+HS; 3 

GD+BE; 2 GD+CS 

Joutsa et 

al. (2012) 
NR  NO but none 

used 

nicotine or 

had current 

substance-

use disorder 

ICB+: 9/10 

ICB-:9/10 

ICB+: 635 

(250-876)¶ 

ICB-: 826 

(210-1127)¶ 

NR ICB+: 171.5 

(0-280)¶ 

ICB-: 200 (0-

320)¶ 

NO  Structured 

Clinical Interview 

for DSM-IV Axis 

I Disorders 

4 GD;  

1 GD+subclinical 

HS;  

1 HS;  

2 HS+subclinical BE; 

1 HS+subclinical CS;  

1 BE 

Lee et al. 

(2014) 
NO YES NR ICB+: 914.4 

(338.7) ICB-: 

925.2 (458.4) 

NR ICB+: 217.9 

(175.3)  

ICB-: 153.2 

(110.7) 

YES 

(MMSE<24) 

Clinical interview 

(DSM-IV-TR 

criteria); modified 

MIDI 

1 HS; 2 GD; 3 

CS+BE; 1 

CS+HS+BE; 1 

CS+HS+BE+GD; 2 

CS+BE+punding; 1 

HS+BE+GD 

Payer et 

al. (2015) 
NR 

(unlikely 

consideri

ng the 

exclusion 

criteria) 

YES. 

Current 

treatment 

with DA was 

exclusionary  

ICB+: 0/11 

ICB-: 0/21 

NR ICB+: 813.6 

(318.5) 

ICB-: 426.2 

(144.6) 

NR YES 

(MMSE<26) 

clinical interview 

according to 

proposed criteria; 

SOGS; DSM-IV-

based gambling 

questionnaire; 

sexual addiction 

screening test 

10 GD; 3 HS; 1 CS. 

Only 5 PwP meeting 

ICB criteria at the 

time of the study 
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Table 5. 10 (continued) Demographic and clinical characteristics of the studies included in the meta-analysis. 

Ref Antipsy 
use (N) 

Drugs that 
may affect 

PET 
binding 

exclusion 
criterion 

PwP 
under DA 
treatment 
(N/Total) 

LEDD (mg) Dementia 
excluded 

ICB 
Total LEDD* LD-LEDD* DAED* Diagnosis** Type: N 

Premi et 

al. (2016) 
NR  Antidepressa

nt therapy, if 

present, was 

suspended 

three weeks 

before the 

assessment 

ICB+: 

19/21 

ICB-: 

30/63 

ICB+: 594.2 

(388.6) ICB-: 

359.1 (280.1) 

NR ICB+: 282.1 

(227.9)  

ICB-: 174.4 

(97.2) 

NO but 

MMSE scores 

reported 

QUIP-rs 12 BE; 7 GD; 6 

HS; 2 punding; 33 

DDS + other 

ICBs; 1 DDS 

Stark et al. 

(2018) 
NR 

(unlikely 

consideri

ng the 

exclusion 

criteria) 

PwP 

excluded if 

they were 

prescribed 

psychoactive 

drugs that 

could alter 

dopamine 

receptor 

availability 

ICB+: 

17/17 

ICB-: 

18/18 

ICB+: 673.8 

(440) ICB-: 

693.9 (406.3) 

NR ICB+: 103.9 

(65.1)  

ICB-: 135.4 

(76.4) 

YES 

(MoCA<22) 

Clinical interview 

(DSM-IV-TR 

criteria); QUIP-rs; 

11 HS; 11 BE; 4 

CS; 12 hobbyism 

Steeves et 

al. (2009) 
NR NR ICB+: 7/7 

ICB-: 7/7 

ICB+: 856 

(407)  

ICB-: 756 

(400) 

NR ICB+: 138 

(172) 

ICB-: 167 

(113) 

YES G-SAS 7 GD 
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Table 5. 10 (continued) Demographic and clinical characteristics of the studies included in the meta-analysis. 

Ref Antipsy 
use (N) 

Drugs that 
may affect 

PET 
binding 

exclusion 
criterion 

PwP 
under DA 
treatment 
(N/Total) 

LEDD (mg) Dementia 
excluded 

ICB 
Total LEDD* LD-LEDD* DAED* Diagnosis** Type: N 

Voon et 

al. (2014) 
NR PwP were 

required to 

stop any 

drug that 

would bind 

to the DAT 

seven days 

prior to the 

scan 

ICB+: 

13/15 

ICB-: 

10/15 

ICB+: 785.8 

(402.7) 

ICB-: 852.1 

(520.4) 

NR ICB+: 325.8 

(156.1) ICB-: 

384.3 (212.8) 

NR clinical interview 4 HS; 5 CS; 3 

GD; 6 punding 

Wu et al. 

(2015) 
NR NR NR S-ICB: 782.3 

(83.4)|| 

M-ICB: 724 

(99)||  

ICB-: 831.9 

(119.2)|| 

S-ICB: 538 

(83.4)|| 

M-ICB: 

268.5 (84.9)|| 

ICB-: 666.3 

(129)|| 

S-ICB: 244.3 

(51.4)|| 

M-ICB: 244 

(55.4)|| 

ICB-: 165.6 

(48.8)|| 

YES 

(MMSE<24) 

semi-structured 

interview 

4 HS; 3 GD; 1 

CS+three ICBs; 2 

CS+two ICBs; 7 

CS +one ICB; 

Legend. Antipsy: antipsychotic use; Antidep: antidepressant use; BDI: Beck depression inventory; BE: binge eating; CS: compulsive shopping; 

DA: dopamine; DAED: dopamine agonist levodopa equivalent daily dose; DAT: dopamine transporter; DDS: Dopamine dysregulation 

syndrome; DSM-IV: diagnostic and statistical manual of mental disorders, fourth edition; DSM-IV-TR: diagnostic and statistical manual of 

mental disorders, fourth edition, text revision; Edu: education; G-SAS: Gambling symptom assessment scale; GDS: Geriatric depression scale; 

H&Y: Hoehn & Yahr score; HS: hypersexuality; ICB: impulsive-compulsive behaviour; PwP: persons with Parkinson’s disease; ICB+: PwP 
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with ICBs; ICB-: PwP without ICBs; total LEDD: levodopa equivalent daily dosage (mg) total; LD-LEDD: LEDD for levodopa only; M-ICB: 

multiple ICBs; MIDI: Minnesota impulsive disorder interview; MMSE: mini mental state examination; MoCA: Montreal cognitive assessment; 

N: number of PwP; NR: not reported. PD: Parkinson’s disease; GD: gambling disorder; Pts: PwP; QUIP-rs: Questionnaire for impulsive-

compulsive disorders in Parkinson’s disease rating scale; Ref: reference number; S-ICB: single ICB; SOGS: South Oaks gambling screen; 

UPDRS-III: unified Parkinson’s disease rating scale part III (motor subscale) score; y: years. 
*
Mean (SD) unless otherwise stated. 

¶
Median 

(range). 
§
Range. 

†
Median. 

||
Mean (SEM). 

**
Questionnaire or method use to screen and/or diagnose ICBs.
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Table 5. 11 Methodological characteristics of the studies included in the meta-analysis.  

Ref Imaging 
tech 

Type of tracer Reference 
region 

Imaging approach Radiotracer 
delivery  

Drug delivered prior 
scan  

ON/
OFF 

Withdrawal period 

Cilia et al. 

(2010) 
SPECT [123I]FP-CIT Occipital 

cortex  

Single scan Intravenous 

injection 

Thyroid blockade (oral 

Lugol solution 10–15 

mg) 30-40 min before 

the injection 

OFF Overnight withdrawal of 

dopaminergic medications 

Joutsa et 

al. (2012) 
PET [18F]fluorodopa Occipital 

cortex 

Single scan Bolus 

injection 

Carbidopa 150 mg 1h 

before the scan 

OFF  At least 12 h drug 

discontinuation (>24 h for 

slow-release medications) 

Lee et al. 

(2014) 
PET [18F]FP-CIT Cerebellum  Single scan Bolus 

injection 

NO OFF At least 12 h withdrawal 

of all PD medications 

Payer et al. 

(2015) 
PET [11C]-(+)-PHNO Cerebellum Single scan Bolus 

injection 

NO OFF At least 8 h withdrawal of 

levodopa (current DA use 

was an exclusion criteria) 

Premi et al. 

(2016) 
SPECT [123I]FP-CIT Occipital 

lobe 

Single scan Intravenous 

injection  

KClO4 800 mg 30 min 

before the injection 

NR NR 

Stark et al. 

(2018) 
PET [18F]fallypride  Cerebellum  3 emissions scans  Bolus 

injection 

NO OFF  Washout was at least 40 h 

for DA and 16 h for 

levodopa 

Steeves et 

al. (2009) 
PET [11C]raclopride Cerebellum 2 scans in 2 separate 

days within 2 weeks 

(randomized): 

baseline and 

gambling task  

Ten mCi 

injections 

NO OFF 12-18 h overnight 

withdrawal of PD 

medications 

Voon et al. 

(2014) 
SPECT [123I]FP-CIT Occipital 

lobe 

Single scan Intravenous 

injection 

Thyroid blockade (oral 

potassium iodate) 24h 

prior to the study 

ON NO 

Wu et al. 

(2015) 
PET [11C]raclopride Cerebellum 2 scans in 2 separate 

days: neutral and 

reward-related 

stimuli 

Bolus 

injection 

NO OFF 12 h withdrawal of PD 

medications 
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Legend. Imaging tech: imaging technique; DA, dopamine agonist; mCi, millicurie; PD, Parkinson’s disease; PET, positron emission 

tomography; SPECT, single-photon emission computed tomography. 
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One study divided the ICB+ group in single and multiple ICBs subgroups 

(Wu et al., 2015). As the comparison between single and multiple ICBs was not 

relevant for this meta-analysis, means and SDs of the subgroups were merged by 

calculating the pooled means and SDs.  

Six studies provided results in the left/right (Cilia et al., 2010; Joutsa, 

Martikainen, Niemelä, et al., 2012; Lee et al., 2014; Premi et al., 2016; Voon et al., 

2014; Wu et al., 2015) and/or anterior/posterior striatal sub-regions (Joutsa, 

Martikainen, Niemelä, et al., 2012); data from these studies were merged by 

calculating the pooled means and SDs. 

Seven studies provided means and SDs for putamen and caudate separately 

(Joutsa, Martikainen, Niemelä, et al., 2012; Lee et al., 2014; Payer et al., 2015; 

Premi et al., 2016; Stark et al., 2018; Voon et al., 2014; Wu et al., 2015). For these 

studies, putamen and caudate measures were merged to generate a measure of the 

whole dorsal striatum, according to Howes et al. (2012). To this aim, the means of 

the dopaminergic index in the putamen and caudate were weighed by their volumes 

to reflect the larger contribution of the putamen compared to the caudate, and then 

averaged (Howes et al., 2012). Since none of the studies reported the putamen and 

caudate anatomical volumes, those used by Howes et al. (2012) and derived from 

healthy adults (n=34, mean age=32.5 years, SD=8.8 years; mean, SD mm3 volume: 

putamen=8805, 994; caudate=5562, 865) were used. SD was calculated accounting 

for the dependency of measures, by assuming a between-measures correlation of 

r=0.5 in the striatal sub-regions. To test whether the whole dorsal striatum measure 

might have concealed differences in its sub-regions, analyses were repeated 

considering the putamen and caudate separately. 
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According to the radiotracer and the imaging approach used, studies were 

categorized as investigating i) DAT level (Cilia et al., 2010; Joutsa, Martikainen, 

Niemelä, et al., 2012; Lee et al., 2014; Premi et al., 2016; Voon et al., 2014), ii) 

dopamine release (Steeves et al., 2009; Wu et al., 2015), and iii) dopamine receptors 

availability (Payer et al., 2015; Stark et al., 2018; Steeves et al., 2009; Wu et al., 

2015). Information about radiotracers used in the studies included in the meta-

analysis is reported in Table 5.12. 
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Table 5. 12 Radiotracers used in studies included in the meta-analysis.  

Type of tracer Study  Function and characteristics Radiotracer delivery 
method 

[123I]FP-CIT Cilia et al. (2010); 
Premi et al. (2016); 
Voon et al. (2014) 

SPECT radiotracer with high affinity for DAT (Booij et al., 1997) and serotonin 
transporter (Booij et al., 2007) 

Intravenous injection 

[18F]FP-CIT Lee et al. (2014) SPECT radiotracer with high affinity for DAT with high signal-to-noise ratio and 
kinetics (Wang et al., 2006) 
 

Bolus injection  

[18F]fluorodopa Joutsa et al. (2012) PET radiotracer for both presynaptic dopamine metabolism (synthesis) (de Vries, 
Luurtsema, Brussermann, Elsinga, & Vaalburg, 1999) and striatal dopamine uptake  
 

Bolus injection  

[11C]raclopride Steeves et al. (2009); 
Wu et al. (2015) 

PET selective D2/D3 antagonist sensitive to changes in endogenous dopamine 
levels; it can be used to assess both basal levels of receptor availability and changes 
in availability caused by alterations in striatal dopamine concentration (Yoder, 
Kareken, & Morris, 2008) 

Bolus injection  

[11C]-(+)-PHNO Payer et al. (2015) PET ligand with high affinity and selectivity for D3 receptors (Narendran et al., 
2006) 
 

Bolus injection 

[18F]fallypride Stark et al. (2018) PET ligand with high affinity to D2/3 receptors in striatal and extrastriatal regions 
(Mukherjee et al., 2002) 

Bolus injection  

Legend. DAT, dopamine transporter; PET, positron emission tomography; SPECT, single-photon emission computed tomography. 
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In the DAT level subgroup, three studies (Cilia et al., 2010; Premi et al., 

2016; Voon et al., 2014) used [123I]FP-CIT, a SPECT radiotracer with high affinity 

for DAT and modest affinity for the serotonin transporter (Joling et al., 2017); one 

study (Lee et al., 2014) used the [18F]FP-CIT radiotracer, which has also cross-

affinity to serotonin transporter but a better contrast than [123I]FP-CIT (Lee et al., 

2018); and one study (Joutsa, Martikainen, Niemelä, et al., 2012) used 

[18F]fluorodopa, which is a marker of both dopaminergic re-uptake and dopamine 

synthesis (Kaasinen et al., 2001).  

The pre-synaptic dopamine release subgroup included two studies (Steeves et 

al., 2009; Wu et al., 2015) using [11C]raclopride, which is a competitive D2/3 

antagonist sensitive to changes in endogenous dopamine levels (Yoder et al., 2008). 

Both studies (Steeves et al., 2009; Wu et al., 2015) used a two PET sessions design, 

with one baseline scan (i.e., control task (Steeves et al., 2009), neutral cues visual 

exposure (Wu et al., 2015)) and one scan during the experimental condition (i.e., 

gambling task (Steeves et al., 2009), reward cues visual exposure (Wu et al., 2015)). 

The binding potential in baseline condition is a measure of basal level of receptor 

availability. Conversely, the change in binding potential between baseline and 

experimental conditions is an indirect measure of alteration in striatal dopamine 

concentration due to pre-synaptic dopaminergic release. A decrease in binding 

potential in comparison to baseline is associated with increase in dopamine, while an 

increase in binding potential in comparison to baseline is associated with a dopamine 

decrease (Yoder et al., 2008). Therefore, for the pre-synaptic dopamine release 

studies (Steeves et al., 2009; Wu et al., 2015), the outcome was the percentage 

[11C]raclopride binding potential reduction when comparing the experimental and 

baseline conditions.  
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Finally, the post-synaptic dopamine receptors availability subgroup included 

one study (Payer et al., 2015) with [11C]-(+)-PHNO, a D3-preferring D2/3 receptor 

ligand, and one study (Stark et al., 2018) with [18F]fallypride, which is one of the 

high affinity D2/3 receptor ligands that allow quantification of both striatal and 

extrastriatal binding. Two studies (Steeves et al., 2009; Wu et al., 2015) with 

[11C]raclopride were also included in the post-synaptic dopamine receptors 

availability analysis; for these studies the outcome was the value reported for the 

baseline conditions.  

A total of 292 subjects were included in the meta-analysis, 117 were PwP 

with ICBs (age range: 45–72 years; PD duration: 1.9–14.3 years; H&Y: 2–3; 

UPDRS-III score ON medication: 14.2–41) and 175 were PwP without ICBs (age: 

51–74 years; PD duration: 1–9.9 years; H&Y stage: 1.9–3; UPDRS-III score ON 

medication: 14.6–49) (Table 5.10). 

Four meta-analyses were performed for the DAT levels in the ventral 

striatum, dorsal striatum, putamen, and caudate. Two meta-analyses were performed 

for the pre-synaptic dopamine release in the ventral and dorsal striatum; the putamen 

and caudate were not explored for this outcome because only one study provided 

separate values for these two structures (Wu et al., 2015). Four meta-analyses were 

performed for the post-synaptic dopamine receptors availability in the ventral 

striatum, dorsal striatum, putamen, and caudate. Results of the meta-analyses are 

provided in Table 5.13. 
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Table 5. 13 Results of the meta-analysis. 

 

Legend. K: number of studies; N: number of participants; SMD: standardized mean difference; CI: confidence interval. p values below the 

significance level (p<0.05) are reported in italics. 

   Random-effect model results  Heterogeneity 

Outcome K N SMD [95% CI] Z p  X2 p I2 

Dopamine transporter level – ventral striatum 3 71 -0.91 [-2.10, 0.27] 1.51 0.13  10.14 0.006 80% 

Dopamine transporter level – dorsal striatum 5 184 -0.45 [-0.77, -0.13] 2.76 0.006  1.99 0.74 0% 

Dopamine transporter level – putamen 4 155 -0.46 [-0.80, -0.11] 2.61 0.009  1.43 0.70 0% 

Dopamine transporter level – caudate 4 155 -0.38 [-0.73, -0.04] 2.18 0.03  1.79 0.62 0% 

Dopamine release – ventral striatum 2 40 -1.04 [-1.73, -0.35] 2.95 0.003  0.22 0.64 0% 

Dopamine release – dorsal striatum 2 40 -0.36 [-1.01, 0.28] 1.10 0.27  0.42 0.52 0% 

Receptors availability – ventral striatum 4 107 -1.29 [-2.68, 0.10] 1.82 0.07  26.71 <0.00001 89% 

Receptors availability – dorsal striatum 4 107 -0.69 [-1.86, 0.48] 1.16 0.25  21.90 <0.00001 86% 

Receptors availability – putamen 3 93 -1.06 [-2.94, 0.81] 1.11 0.26  28.99 <0.00001 93% 

Receptors availability – caudate 3 93 -0.59 [-1.40, 0.23] 1.41 0.16  6.86 0.03 71% 
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Dopamine Transporter Levels  

Compared to the ICB- group, tracer binding in the ICB+ group was 

significantly reduced in the dorsal striatum (SDM=-0.45; 95% CI: -0.77, -0.13; Z= 

2.76; p=0.006) but not in the ventral striatum (SDM=-0.91; 95% CI: -2.10, 0.27; Z= 

1.51; p=0.13). When dorsal striatum sub-regions were analysed separately, both 

putamen (SDM=-0.46; 95% CI: -0.80, -0.11; Z= 2.61; p=0.009) and caudate 

(SDM=-0.38; 95% CI: -0.73, -0.04; Z= 2.18; p=0.03) tracer bindings were 

significantly reduced in the ICB+ vs. ICB- (Table 5.13). Forest plots for dopamine 

transporter levels are provided in Figure 5.6. 

Heterogeneity was low for the dorsal striatum (χ2=1.99, p=0.74, I2=0%), 

putamen (χ2=1.43, p=0.70, I2=0%), and caudate (χ2=1.79, p=0.62, I2=0%). However, 

heterogeneity in the ventral striatum was high (χ2=10.14, p=0.006, I2=80%; Table 

5.13 and Figure 5.6).  

Sensitivity analysis was performed by excluding Premi et al. (2016), which 

enrolled 12 PwP under anti-depressant treatment that was suspended three weeks 

before assessment. Exclusion of Premi et al. (2016) did not change overall effect size 

for dorsal striatum (SDM=-0.58; 95% CI: -0.99, -0.16; Z= 2.73; p=0.006), putamen 

(SDM=-0.54; 95% CI: -1.02, -0.06; Z= 2.23; p=0.03), and caudate (SDM=-0.54; 

95% CI: -1.02, -0.07; Z= 2.24; p=0.03), and heterogeneity (dorsal striatum: χ2=1.07, 

p=0.78, I2=0%; putamen: χ2=1.19, p=0.55, I2=0%; caudate: χ2=0.87, p=0.65, I2=0%).  
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A. Dopamine transporter levels ventral striatum 

 

B. Dopamine transporter levels dorsal striatum 

 

C. Dopamine transporter levels putamen 

 

D. Dopamine transporter levels caudate 

 

Figure 5. 6 Forest plots for dopamine transporter levels. Here are reported forest 

plots for dopamine transporter levels in the ventral striatum (A), dorsal striatum (B), 

putamen (C), and caudate (D). Standardized mean difference represents Hedges’s g 

effect size. The size of the square indicates the weight of the study. The horizontal 

line represents the 95% confidence interval. The diamond represents the pooled 

effect size. Negative effect sizes indicate lower dopamine transporter levels in PwP 
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with ICBs (ICB+) in comparison to those without ICBs (ICB–). ICBs, impulsive-

compulsive behaviour; PwP, persons with Parkinson’s disease.
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Pre-Synaptic Dopamine Release 

ICB+ group, compared to the ICB- group, showed reduced binding in 

response to reward-related stimuli/gambling task in the ventral (SDM=-1.04; 95% 

CI: -1.73, -0.35; Z= 2.95; p=0.003), but not in the dorsal striatum (SDM=-0.36; 95% 

CI: -1.01, 0.28; Z= 1.10; p=0.27; Table 5.13). Forest plots for dopamine release are 

provided in Figure 5.7.  

Heterogeneity was low for both ventral (χ2=0.22, p=0.64, I2=0%) and dorsal 

(χ2=0.42, p=0.52, I2=0%) striatal regions (Table 5.13 and Figure 5.7).  
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A. Dopamine release ventral striatum  

 

B. Dopamine release dorsal striatum 

 

Figure 5. 7 Forest plots for dopamine release. Here are reported forest plots for 

dopamine release in the ventral striatum (A), and in dorsal striatum (B). 

Standardized mean difference represents Hedges’s g effect size. The size of the 

square indicates the weight of the study. The horizontal line represents the 95% 

confidence interval. The diamond represents the pooled effect size. Negative effect 

sizes indicate lower dopamine release in PwP with ICBs (ICB+) in comparison to 

those without ICBs (ICB–). ICBs, impulsive-compulsive behaviour; PwP, persons 

with Parkinson’s disease. 
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Post-Synaptic Dopamine Receptors Availability 

Post-synaptic dopamine receptor bindings potentials did not differ between 

ICB+ and ICB- groups in the ventral striatum (SDM=-1.29; 95% CI: -2.68, 0.10; Z= 

1.82; p=0.07), dorsal striatum (SDM=-0.69; 95% CI: -1.86, 0.48; Z= 1.16; p=0.25), 

putamen (SDM=-1.06; 95% CI: -2.94, 0.81; Z= 1.11; p=0.26), and caudate (SDM=-

0.59; 95% CI: -1.40, 0.23; Z= 1.41; p=0.16; Table 5.13). Forest plots for post-

synaptic receptors availability are provided in Figure 5.8. 

Heterogeneity was high in the ventral striatum (χ2=26.71, p<0.00001, 

I2=89%), dorsal striatum (χ2=21.90, p<0.0001, I2=86%), putamen (χ2=28.99, 

p<0.00001, I2=93%), and caudate (χ2=6.86, p=0.03, I2=71%; Table 5.13 and Figure 

5.8). 

Sensitivity analysis was performed by excluding Payer et al. (2015), which 

enrolled one PwP taking antidepressant. Exclusion of Payer et al. (2015) did not 

change the overall effect size for the ventral striatum (SDM=-1.42; 95% CI: -3.54, 

0.69; Z= 1.32; p=0.19), dorsal striatum (SDM=-0.84; 95% CI: -2.55, 0.86; Z= 0.97; 

p=0.33), putamen (SDM=-1.54; 95% CI: -4.87, 1.80; Z= 0.90; p=0.37), and caudate 

(SDM=-0.56; 95% CI: -1.99, 0.87; Z= 0.77; p=0.44), and heterogeneity (ventral 

striatum: χ2=26.58, p<0.00001, I2=92%; dorsal striatum: χ2=20.53, p<0.0001, 

I2=90%; putamen: χ2=25.42, p<0.00001, I2=96%; caudate: χ2=6.86, p=0.009, 

I2=85%). 
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A. Receptors availability ventral striatum 

 

B. Receptors availability dorsal striatum 

 

C. Receptors availability putamen 

 

D. Receptors availability caudate 

 

Figure 5. 8 Forest plots for post-synaptic receptors availability. Here are reported 

forest plots for post-synaptic receptors availability in the ventral striatum (A), dorsal 

striatum (B), putamen (C), and caudate (D). Standardized mean difference represents 

Hedges. The size of the square indicates the weight of the study. The horizontal line 

represents the 95% confidence interval. The diamond represents the pooled effect 

size. Negative effect sizes indicate lower receptors availability in PwP with ICBs 

(ICB+) in comparison to those without ICBs (ICB–). ICBs, impulsive-compulsive 

behaviour; PwP, persons with Parkinson’s disease. 
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Discussion 

This is the first systematic review and meta-analysis on PET/SPECT 

dopaminergic striatal correlates of ICBs in PD. The aim was to investigate if striatal 

dopaminergic function differs in PwP with and without ICBs. To this aim, studies on 

DAT levels, presynaptic dopamine release, and post-synaptic D2/3 receptors 

availability in the ventral and dorsal striatum were reviewed and analysed. ICB+ 

were found to be associated with (i) lower DAT levels in the dorsal striatum and in 

its subdivisions (i.e., putamen, caudate) and (ii) reduced binding (i.e., increased 

dopamine release) in the ventral striatum in response to reward-related stimuli or 

gambling task, but (iii) no relationship between ICB+ and striatal post-synaptic 

receptors availability in either the dorsal or ventral striatum. 

 

Dopamine Transporter Levels  

ICB+ group showed lower dorsal striatum DAT binding than the ICB- one.  

In the striatum, DAT is localized in axon varicosities and terminals that contain 

synaptic vesicles, as well as in non-synaptic region where it regulates and terminates 

extracellular dopamine activity (Voon et al., 2014). Therefore, reduced DAT might 

reflect more pronounced dorsal striatal dopaminergic terminal loss, functional DAT 

downregulation, or genetically determined lower membrane expression on otherwise 

normal neurons (Cilia et al., 2010).  

The hypothesis of more severe degeneration of nigrostriatal projections in 

ICB+ PwP is supported by a recent meta-analysis of case-control studies showing 

that the risk of ICBs in PwP increases with disease duration and being medicated for 

PD (Molde et al., 2018), two factors that are directly correlated with the amount of 

nigrostriatal loss. Moderator analysis for these two factors was not possible, because 
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of the small number of studies included in the meta-analysis.  

The lower DAT binding in ICB+ may also reflect medication-related DAT 

downregulation, but DAT regulation by DRT was found to be modest (Guttman et 

al., 2001; Voon et al., 2014). It is unlikely that lower DAT binding is a 

compensatory effect of medication, as  longitudinal studies on drug naïve PwP show 

that dorsal striatal DAT levels precede DRT initiation and ICBs onset (Smith et al., 

2016; Vriend, Nordbeck, et al., 2014). SPECT findings are further supported by a 

genetic study showing an association between ICBs in PD and a variant of the 

dopamine transporter gene, i.e., 9-repeat allele of the SLC6A3 (Cilia et al., 2016); 

this variant results in lower presynaptic DAT expression, reduced synaptic clearance, 

and increased DA availability in the synaptic space (Forbes et al., 2009). 

It should be noted that dorsal striatum binding was reduced in ICB+ vs. ICB- despite 

comparable UPDRS-III motor scores. This could be due to the low precision of 

drawing regions of interest and activity that may be improved in the future.  

Pre-Synaptic Dopamine Release 

ICB+ group showed reduced binding potential in ventral but not dorsal 

striatum when exposed to reward-related cues or when engaged in a gambling task.  

Participants to a gambling task are required to actively choose options associated 

either with reward or penalty and process related feedback. Conversely, in reward-

related cues paradigms, participants passively view neutral or reward-related stimuli 

(e.g., food, erotic pictures, gambling or shopping related activities) without any 

active choice. Albeit being different, these tasks share neurobiological 

underpinnings. In pathological gamblers, reductions of ventral striatal and 

ventromedial prefrontal cortex activity have been documented in a gambling 

task (Reuter et al., 2005) and reward-related reactivity has been shown to also 
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involve the dorsal lateral prefrontal cortex network (Crockford, Goodyear, Edwards, 

Quickfall, & El-Guebaly, 2005) that is functionally connected to the ventral striatum. 

[11C]raclopride is sensitive to competition from endogenously released 

dopamine to a stimulus, therefore decreased binding potential found in ICB+ vs. 

ICB- groups in response to gambling tasks or rewarding stimuli reflects increased 

dopamine release. These findings are in keeping with functional imaging studies of 

behavioural and pharmacological addiction in the general population, whereby 

monetary and sexual stimuli elicit the same patterns of striatal activation as 

recreational drugs (Steeves et al., 2009; Volkow, Fowler, Wang, Baler, & Telang, 

2009). Increased dopamine release during a gambling task has been reported in 

pathological gamblers (Linnet, Møller, Peterson, Gjedde, & Doudet, 2011; Linnet, 

Peterson, Doudet, Gjedde, & Møller, 2010) and it correlates both with gambling 

severity (Joutsa, Johansson, et al., 2012) and increased excitement levels despite 

lower performances (Linnet et al., 2011). This may be the consequence of 

conditioned response to the reward-related or gambling cues, although increased 

dopaminergic release has been observed also for unconditioned stimuli (Wu et al., 

2015).Whether the increased dopamine release in the ventral striatum exists in the 

premorbid phase therefore representing a vulnerability factor or it is the consequence 

of repeated exposure to gambling or rewarding-related stimulus (de Wit & Stewart, 

1981; Singer, Scott-Railton, & Vezina, 2012), to DRT (Laruelle et al., 1995), or a 

combination of these factors (Steeves et al., 2009) is unknown. Only preclinical 

models and prospective studies can address this point. These findings have important 

implications, since the exposure to any reward-related cue (e.g., through 

advertisement) may have the potential to increase abnormal dopamine release in 

vulnerable PwP (O’Sullivan, Wu, et al., 2011), as supported by a study showing 
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increased dopamine release in single ICB PwP to reward-cues not related to their 

ICB (e.g., gamblers to food-related cues) (Wu et al., 2015). 

There are two other neuropharmacological mechanisms that should be 

considered. First, in PwP treated with dopamine agonists the activation of D2-like 

presynaptic autoreceptors in the mesolimbic system reduces phasic dopamine release 

in the nucleus accumbens (Pes et al., 2017; Pizzagalli et al., 2008; Riba et al., 2008). 

Therefore, reward responsiveness is blunted and risk propensity enhanced in order to 

normalize mesolimbic efflux (Pes et al., 2017). Second, reward detection capacity 

depends on phasic dopaminergic cell firing. Phasic dopamine dips encode prediction 

errors therefore providing outcome-related feedback which signal the need of 

behavioural adjustments as reward contingencies change (Stopper & Floresco, 

2015). In rats, a low dose of monoamine-depleting agent reserpine administered 

together with pramipexole, exacerbated pramipexole effects on disadvantageous 

decision-making without changing pramipexole-induced decrease in the phasic 

dopamine release. This suggests that the effect of dopamine agonist on ICBs may not 

be caused by changes in phasic dopamine release in the nucleus accumbens (Pes et 

al., 2017). Moreover, dopamine agonists tonically bind to D2 receptors irrespective 

of phasic changes in firing (Frank et al., 2004).  

 

Post-Synaptic Dopamine Receptors Availability 

No changes in D2/3 receptors availability between ICB+ and ICB- PwP were 

found. This finding is, to some extent, surprising for a number of considerations. 

Animal PD models showed increased D3 expression after repeated administration of 

DRT (Payer et al., 2015). A PET study found relationships between higher D3 levels, 

dopamine release in the ventral striatum, and ICBs severity in people without PD 
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(Boileau et al., 2014). Preclinical rats models of PD shows that ICB-like behaviours 

can be triggered by pramipexole (Holtz, Tedford, Persons, Grasso, & Napier, 2016; 

Rokosik & Napier, 2012) and ropinirole (Cocker, Tremblay, Kaur, & Winstanley, 

2017; Tremblay et al., 2017), which mainly target D2/3 receptors. Polymorphisms of 

D2/3 receptors genes are associated with addictive behaviours in PD (Lee et al., 

2009), and in the general population (Leeman & Potenza, 2013). D3 receptor 

antagonists may block reward seeking in animal models (Khaled et al., 2010; Vorel 

et al., 2002; Xi & Gardner, 2007).  

Different lines of reasoning may explain this apparently paradoxical finding. 

Heterogeneity was high for this outcome in the meta-analysis, and this may reflect 

differences in the radiotracers used by the studies included. However, random effect 

model does not assume homogeneity of the effect and findings should have been 

robust to heterogeneity. D2/3 receptors localize both to pre-synaptic mesolimbic 

terminal auto-receptors and post-synaptic indirect-pathway medium spiny neurons 

(Stark et al., 2018). Therefore, binding of radiotracers may reflect a mix of pre- and 

post-synaptic changes (Payer et al., 2015). Moreover, D2/3 receptors changes have 

not been universally observed across the spectrum of maladaptive reward-seeking 

behaviour, where reductions are notably absent in primary gambling addiction (Nutt, 

Lingford-Hughes, Erritzoe, & Stokes, 2015; Stark et al., 2018). In individuals with 

substance dependence there is lower D2/3 receptors availability than healthy controls 

(Volkow et al., 2001), but no differences have been reported in pathological 

gamblers (Linnet et al., 2011, 2010).  
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Limitations  

The main limitation of the present meta-analysis is the small number of 

studies included, and consequently the low statistical power, which impede any 

definite conclusions on the mechanisms underlying ICBs in PD. The small number 

of studies hampered a moderator analysis, which would have added information on 

the variables potentially contributing to the results. Therefore, more studies with 

large numbers of PwP are needed. They should have a longitudinal design with de 

novo drug naïve PwP, to clarify the causative relations between striatal 

dopaminergic changes and ICBs, and whether they are pre-morbid vulnerability 

traits, or a consequence of DRT. Current cross-sectional studies may only document 

associative links. Future studies should incorporate a healthy control group (Cilia et 

al., 2010; Lee et al., 2014; Payer et al., 2015), as some dopaminergic changes might 

be age-related and not directly linked to PD or ICBs (Raz et al., 2003). 

PET/SPECT studies on extrastriatal regions, which interact with the striatum 

in the control of motivated and addictive behaviour (Joutsa, Martikainen, Niemelä, et 

al., 2012; Lee et al., 2014), are still scarce, and focus on a range of different 

structures, impeding a meta-analysis. The role of extrastriatal dopaminergic changes 

should be assessed. At the time of the literature search, five studies reported data on 

extrastriatal regions, including the orbitofrontal (Joutsa, Martikainen, Niemelä, et al., 

2012), medial orbitofrontal (Payer et al., 2015), ventromedial prefrontal (Lee et al., 

2014), and left anterior cingulate cortex (Ray et al., 2012), the amygdala (Lee et al., 

2014), substantia nigra (Payer et al., 2015), globus pallidus (Payer et al., 2015; Stark 

et al., 2018), ventral pallidus (Payer et al., 2015), thalamus (Stark et al., 2018), and 

the midbrain (Ray et al., 2012; Stark et al., 2018). Exploring these areas would be 

important; for example, abnormal functioning of D2/3 midbrain receptors might 
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results in increased dopamine release (Buckholtz et al., 2010).Since the dopamine 

system may not be the only player in ICBs development, multi-modal imaging 

studies should explore the contribution of serotoninergic systems to ICBs in PD 

(Cilia et al., 2016; Lee et al., 2012; Premi et al., 2016). 

Finally, ICBs in PD was found to be associated with cognitive, and affective 

and motivational factors (Study 2) (Martini, Dal Lago, Edelstyn, Grange, et al., 

2018). The potential confounding role of these clinical variables should be 

considered in future PET/SPECT studies. 

 

Conclusions 

The meta-analysis showed specific patterns of dopaminergic dysfunction in 

the dorsal and ventral striatum in PwP with ICBs. These changes, which, to some 

extent, differ from those with PD but no ICBs, may reflect either a pre-existing 

neural trait vulnerability for impulsivity or the expression of a maladaptive synaptic 

plasticity under non-physiological dopaminergic stimulation (Premi et al., 2016). 

 

Key Findings 

• ICB+ have lower DAT levels in the dorsal striatum and in its 

subdivisions (i.e., putamen, caudate) than ICB-;  

• ICB+, compared to ICB-, show increased dopamine release to reward-

related stimuli or gambling task in the ventral striatum;  

• ICB+ and ICB- have similar striatal post-synaptic receptors availability 

in both the dorsal and ventral striatum. 
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Interim Conclusion 

In this chapter, brain imaging correlates have been investigated with two 

studies. The first study is a systematic review of structural and functional brain 

imaging studies (Study 5). The systematic review shows that structural changes are 

not consistently evident in PwP with ICBs. Conversely, functional brain imaging 

studies showed (i) brain changes in resting state networks related to cognitive control 

and motivation (i.e., CEN and salience network) that precede ICBs onset and remain 

stable once ICBs are developed. Resting-state studies also show (ii) increase 

metabolism and cerebral blood flow in brain areas supporting incentive-driven 

decision-making (i.e., orbitofrontal cortex, amygdala, insula, ventral striatum, 

posterior cingulate cortex, parahippocampus and hippocampus, middle and inferior 

temporal, and supramarginal gyri) as well as (iii) abnormal frontostriatal and 

mesolimbic connectivity. Task-based functional imaging studies evidenced (iv) 

increase BOLD signal during rewarding stimulus exposition or incentive-driven 

decision-making task in in brain areas involved in incentive-driven decision-making 

(i.e., subthalamic nucleus, inferior frontal gyrus and ventral striatum, anterior and 

posterior cingulate cortex, ventromedial prefrontal cortex, and orbitofrontal cortex). 

The systematic review did not include neuropharmacological PET or SPECT 

studies as they provide neuropharmacological instead of anatomical data. In order to 

provide information about neuropharmacological striatal PET or SPECT ICBs 

correlates, a systematic review and meta-analysis has been performed (Study 6). This 

second study shows (i) lower DAT levels in the dorsal striatum and in its 

subdivisions (i.e., putamen and caudate), and (ii) increase DA release to reward-

related stimuli or gambling task in PwP with vs. without ICBs. Conversely, (iii) 
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striatal post-synaptic receptors availability, both in ventral and dorsal striatum, does 

not differ between groups. 

Taken together, activity in the network conveying motivational signal appear 

to be enhanced in PwP with ICBs, both during resting state (as evidenced by rs-fMRI 

and perfusions studies) and task performance (as evidenced by task-based fMRI and 

PET studies). Functional imaging studies further evidence frontostriatal disruption. 

Finally, SPECT studies shows reduced dorsal striatum DAT binding in PwP with 

ICBs, which may be explained by nigrostriatal terminal loss, functional 

downregulation, or genetically determined lower membrane expression on otherwise 

normal neurons. A still open question is how changes in the ventral striatal synaptic 

transmission influence cortical changes. Future studies should include multiple brain 

measure to assess in the same cohort of individuals both striatal synaptic 

transmission and cortical changes. Furthermore, functional connectivity does not 

imply specific directional effects, therefore, whether the proposed changes in the 

multiple cortical areas identified by functional brain imaging studies are directly 

responsible for promoting ICBs to occur (or less able to prevent ICBs from 

occurring) is unknown. For example, when connectivity between brain areas is 

reported to be increased or reduced, this does not necessarily mean that those brain 

areas work better or worse, but simply that brain activity is differently modulated 

between groups. A future challenge of brain imaging studies concerns the ability to 

make diagnostic predictions based on imaging markers. A closely related question 

concerns the extent in which a brain imaging marker predict the performance on a 

criterion related to everyday life e.g., return to work/social life or being financially 

independently without requiring partner’s surveillance. Now that cortical networks 

have been identified, future studies should investigate which brain changes predict 



411 
 

performance in daily life. Furthermore, a future area of research concern whether 

non-invasive brain stimulation (e.g., transcranial magnetic stimulation) targeting the 

cortical brain areas identified could improve in vulnerable individuals the ability to 

refrain from acting the ICBs. 
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Chapter 6 General Discussion 
 

This final chapter of this thesis begins with a summary of the main findings. 

Then, methodological strengths will be acknowledged and biases within the 

methodology used will be assessed. Finally, clinical implications and future areas of 

research that may arise from this thesis’ findings will be discussed. 

 

The psychological and neural correlates of Impulsive-compulsive behaviours in 

Parkinson’s disease 

The overarching aim of this thesis was to identify psychological (cognitive, 

affective and motivational) and neural correlates of impulsive-compulsive 

behaviours (ICBs) in already diagnosed cases, as a first step toward a future 

longitudinal investigation of newly diagnosed cases of persons with Parkinson’s 

disease (PwP) as they start dopamine replacement therapy (DRT).  

Identifying reliable correlates of ICBs has important clinical implications as 

(i) findings may inform psychological intervention and the development of 

potentially effective drug treatments, and (ii) they may also have a transdiagnostical 

application to ICBs that develop in other non-PD populations such as restless leg 

syndrome, fibromyalgia, and addiction. Correlates of ICBs in PD also have scientific 

relevance as the PD population provides a mean for testing cognitive and neural 

models of incentive-driven decision-making developed in healthy populations.  

In the current thesis, psychological and neural correlates of ICBs have been 

investigated across three behavioural, one neurophysiological and two brain imaging 

studies. In line with the Research Domain (RDoC) framework promoted by the 

National Institute of Mental Health (Insel et al., 2010), multiple units of assessment 
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approach has been used (see section “thesis framework”, page 13). The underlying 

premise is that, for a feature to be a reliable marker of ICBs, it should be evident 

across multiple levels of analyses. This is important because literature on 

psychological and neural correlates of ICBs in PD is undermined by inconsistency in 

studies’ findings. The main findings of the studies of this thesis are illustrated in 

Figure 6.1. The left-hand panel of Figure 6.1 has already been illustrated in Chapter 

1 (see Figure 1.1, page 15) and here it has been completed with the right-hand side 

with the main findings. 

On the basis of the studies of this thesis, the overarching aim was not 

completely met, nor the controversy in the literature has been completely resolved. 

However, this thesis makes a significant original contribution to the body of 

knowledge by providing evidence that supports some mechanisms compared to 

others as underpinnings of ICBs in PD. 

Cognitive correlates have been investigated with two behavioural empirical 

studies, one systematic review and meta-analysis, and one neurophysiological 

investigation (Studies 1, 3, 2 and 4, respectively; Chapters 3 and 4). Evidence from 

this thesis weakens the claims of one hypothesis about the cognitive processes 

involved in ICBs in PD, which is abnormal negative feedback processing (Frank et 

al., 2004; Sinha et al., 2013; van Eimeren et al., 2009), as two units of assessments 

(behavioural and neurophysiology) suggest comparable negative feedback 

processing in PwP with and without ICBs. Alternative hypothesis —supported by 

neuroimaging data of this thesis — is about enhanced sensitivity toward positive 

feedback or reward (Frank et al., 2004; Sinha et al., 2013; Voon, Pessiglione, et al., 

2010). Finally, cognitive control seems to be affected in PwP with ICBs as showed 

by behavioural and brain imaging data, although data do not allow to identify what is 
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the specific task-related cognitive process of cognitive control implicated in ICBs in 

PD, as the findings of the behavioural studies are not consistent.  

Affective and motivational correlates have been investigated with two 

behavioural empirical studies and one systematic review and meta-analysis (Studies 

1, 3 and 2, respectively; Chapter 3). Evidence from this thesis suggests that 

depression might be a reliable correlate of ICBs in PD. Conversely, apathy seems not 

to be associated with ICBs in PD. Whether anxiety and impulsivity are correlates of 

ICBs in PD remain unresolved as there are disagreements in the findings of the three 

studies. 

Neural correlates of ICBs have been investigated through one systematic 

review and one systematic review and meta-analysis (Studies 5 and 6; Chapter 5). 

Evidence suggests that functional brain changes in PwP with ICBs encompass 

mesolimbic brain areas involved in the reward processing as well as prefrontal brain 

areas involved in the top-down cognitive control. Finally, lower dopaminergic 

transporter (DAT) levels in the dorsal striatum during resting-state and increase 

dopamine release in the ventral striatum during gambling task or reward-based 

stimuli exposure seem to characterize ICBs in PD. Quantitative analysis of the 

structural and functional brain changes (except for dopaminergic neurotransmission, 

which has been investigated in Study 6) was not possible due to the small number 

and heterogeneity of the studies included.  

Taken together, the studies of this thesis support the following hypotheses 

about the mechanisms involved in ICBs in PD: i) spared negative feedback 

processing, ii) possibly enhanced sensitivity toward reward; iii) reduced cognitive 

control, iv) increased depression and spared apathy, v) functional brain changes in 

prefrontal and mesolimbic areas of the brain supporting cognitive control and 
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motivation vi) reduced DAT binding in the dorsal striatum. These hypotheses should 

be further tested in a homogeneous clinical population and, if subsequent evidence 

strengthens this thesis findings, then data may have strong implications for clinical 

purposes. Correlates of this thesis will be included in a longitudinal study and, based 

on the results of this thesis, predictions will be made.   

Consistency of findings across multiple units of assessments are illustrated in 

Table 6.1. Each of the main findings have been discussed below, together with 

recommendations for future investigations. 
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Figure 6. 1 Summary of the thesis’ main findings.  PD: Parkinson’s disease; ICBs: 

impulsive-compulsive behaviours; IDDM: incentive-driven decision-making; FRN: 

feedback-related negativity; DS: dorsal striatum; VS: ventral striatum; HC: healthy 
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controls; ICB+: persons with PD and ICBs; ICB-: persons with PD but no ICBs; 

DAT: dopaminergic transporter. 
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Table 6. 1 Consistency of findings across multiple units of assessments. 

ICBs correlates Behavioural Neurophysiological Brain Circuit Reliable  
(between or within assessments levels) 

Negative feedback processing 
 

- - Not investigated Probably not associated 

Enhanced sensitivity toward positive feedback 
 

+- Not investigated + Unclear 

Cognitive control + Not investigated + Possible 

Depression 
 

+ Not investigated Not investigated Possible 

Decrease DAT binding in DS Not investigated 
 

Not investigated + Possible 

Legend. ICBs: impulsive-compulsive behaviours; DAT: dopamine transporter; DS: dorsal striatum; +: associated; -: not associated; +-: 

unclear.  
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Cognitive correlates 

Negative Feedback Processing During Incentive-driven decision-making. 

Evidence of this thesis weakens the claim of one hypothesis about the mechanisms 

supporting ICBs in PD, which is abnormal negative feedback processing (Frank et 

al., 2004; Sinha et al., 2013; van Eimeren et al., 2009). 

The behaviour of individuals with addiction is characterised by perseverating 

in activities that, in the longer-term, lead to negative and often devastating 

consequences, such as financial debts, relationship breakdown, impairments in work 

and social life, and legal problems (American Psychiatric Association, 2013). The 

serious situations in which PwP with debilitating ICBs are often involved suggested 

an inability to adequately estimate negative consequences of reward-seeking 

behaviours. Optimal incentive-driven decision-making reflects the ability to choose 

the most advantageous behavioural option over a range of alternatives, considering 

both positive and negative consequences. Once the behaviour is acted, adequate 

processing of negative and positive feedback is crucial for the comparison of the real 

outcomes of the behaviours with the predicted ones. Such comparison plays a role in 

learning and it is important for decisions that should be taken in the future (Sinha et 

al., 2013). The processing of rewards and punishments is mediated by dopamine 

(Frank et al., 2004), and chronic tonic stimulation by DRT could prevent pauses in 

the dopaminergic signalling, thereby interfering with the detection of negative 

prediction errors, which could decrease sensitivity to negative outcomes (Bodi et al., 

2009; Frank et al., 2004; van Eimeren et al., 2009; Voon et al., 2017). As ICBs may 

arise after DRT initiation, it has been hypothesised that dopaminergic medication, in 

predisposed individuals, may disrupt negative feedback processing resulting in an 

underestimation of adverse consequences of reward-seeking behaviours.  
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However, findings of this thesis do not support this hypothesis. In the first 

study, both PwP without ICBs and healthy controls, but not PwP with ICBs, 

decreased their risky behaviour after a negative feedback in the Balloon Analogue 

Risk Task (BART); albeit promising, this data has not been replicated in the larger 

study, which failed to find between groups differences (Study 3). The lack of 

between group differences cannot be attributed to the lack of sensitivity of the 

behavioural assessment, as this data has been confirmed by a second unit of 

assessment (Study 4). In particular, the amplitude of the ‘feedback-related negativity 

event-related potential’ (FRN), which occurs 200-300 msec after negative feedback, 

correlated with risky behaviour after negative feedback although no differences 

between PwP with and without ICBs were found. Therefore, two units of 

assessments converge to suggest that negative feedback impairments do not account 

for ICBs in PD. However, these findings should be cautiously interpreted for two 

reasons. First, in Study 3 the effect of negative feedback was significant only when 

education was not included as covariate in the model. Second, in Study 4 the sample 

size is too small for between-groups comparison. However, being Study 4 the first 

investigation of FRN in PwP with ICBs, this thesis sets up a scenario from which 

predictions about negative feedback processing in ICBs in PD can be drawn. 

Previously, research was theory-based, but now there is a prediction (i.e., spared 

negative feedback processing) that it is empirically informed.  

Literature on ICBs in PD provides inconsistent findings on impairments in 

negative feedback processing. For example, Piray et al. (2014) showed that, in 16 

PwP with ICBs vs. 15 PwP without ICBs, learning is better for reward and worse for 

punishment. However, there is also evidence of decreased learning from negative 

feedback and increased learning from positive feedback in the “off” compared with 
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“on” dopaminergic medication in 18 ICB+, with the opposite pattern in the 12 ICB- 

(Djamshidian et al., 2010), which is the opposite of what it could be predicted based 

on Frank et al. (2004). Using the BART, Claassen et al. (2011) showed that both 

PwP with and without ICBs (ICB+: 22; ICB-: 19) decrease their risky behaviour 

after losses, suggesting preserved sensitivity toward negative feedback. Differences 

in paradigms used for assessing negative feedback processing may account for 

variability of studies’ findings, with some tasks being more sensitive than others. It 

is possible that the BART, which has been used in this thesis, is not the best task for 

assessing negative feedback processing. The hypothesis of impaired negative 

feedback processing could be ruled out if more rigorous studies, using several 

paradigms, converge in supporting preliminary findings of this thesis.  

This thesis makes a significant original contribution to the body of 

knowledge by adding evidence that support the hypothesis that negative feedback 

processing is not a mechanism of ICBs in PD. This hypothesis needs to be further 

replicated with subsequent data in a homogeneous clinical population. In future 

investigations, Bayesian model could be used as it reallocates credibility across the 

different possible causes of a behaviour based on the evidence gathered, 

subsequently updating from prior to posterior as more data are collected (Etz, 

Gronau, Dablander, Edelsbrunner, & Baribault, 2018). 

Alternative plausible factor that may contribute to ICBs in PD is enhanced 

sensitivity toward positive feedback, and detailed information is provided below.  

 

Enhanced Sensitivity Toward Reward. Alternative plausible factor that 

may contribute to ICBs in PD and that should be further investigated is enhanced 

sensitivity toward positive feedback. Consumption of reward — being food, sex or 
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receiving money or buying new items — produces a hedonic state, important for 

consolidating cues that predict availability of rewards in the future or actions that 

facilitate rewards achievement (Wise & Kiyatkin, 2011). Based on prior experience, 

our brain is able to store and estimate the value of certain actions, which is crucial 

for selecting advantageous options over a range of alternatives (Sinha et al., 2013).  

This thesis points to the possibility that enhanced sensitivity toward rewards 

is a mechanism supporting ICBs in PD. This is evident from the systematic review 

of brain imaging studies (Study 5) which shows resting-state enhanced activity in the 

salience network (which includes limbic-paralimbic structures, such as anterior 

insula, the anterior cingulate cortex, and the ventral striatum, that are activated by 

salient or rewarding stimuli) of PwP with ICBs (Navalpotro-Gomez et al., 2020; 

Tessitore, Santangelo, et al., 2017). Interestingly, this alteration is also evident 

before ICBs onset thereby suggesting a premorbid vulnerability trait (Tessitore, De 

Micco, et al., 2017). Furthermore, PwP with ICBs show enhanced brain metabolism 

(Marín-Lahoz et al., 2020; Verger et al., 2018) and cerebral blood flow (Cilia et al., 

2008; Claassen et al., 2017) in brain areas implicated in reward processing such as 

orbitofrontal cortex, amygdala, insula, ventral striatum. In task-based fMRI studies, 

the same areas exhibit increase Blood Oxygenation Level Dependent (BOLD) signal 

during exposition to reward-related cues or during performances of tasks assessing 

risk-taking behaviour and temporal discounting (Frosini et al., 2010; Loane et al., 

2015; Paz-Alonso et al., 2020; Politis et al., 2013). The systematic review and meta-

analysis of PET/SPECT striatal studies further supports the notion of enhanced 

sensitivity toward rewards by showing increased dopamine release in the ventral 

striatum of PwP with vs. without ICBs during gambling task and/or exposure to 

reward-related stimuli (Study 6).  
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The main risk factor for ICBs development in PD is DRT use (Molde et al., 

2018; Weintraub et al., 2010), although a clear dose-response relationship has to be 

established yet (Biundo et al., 2017; Corvol et al., 2018; Erga et al., 2017; Hurt et al., 

2014; Isaias et al., 2008; Perez-Lloret, Rey, Fabre, Ory, Spampinato, Brefel-

Courbon, et al., 2012; Valença et al., 2013; Vela et al., 2016). Dopamine mediates 

the way in which our brain stores and estimates the value of certain actions (Frank et 

al., 2004; Pignatelli & Bonci, 2015). The role of dopamine in reward processing is 

supported by evidence of impairments in reward learning in drug naïve PwP, which 

is remediated after dopamine (DA) agonist administration (Bodi et al., 2009). In 

vulnerable individuals, sensitivity toward reward may be enhanced by DRT 

facilitating reward-seeking behaviours that, along time, become addictions.  

The findings of this thesis are in line with the broad addiction literature in PD 

and non-PD populations. Several studies show that dysfunctional reward processing 

might contribute to the onset of the addictive behaviours in humans. For example, 

impulsive individuals tend to prefer smaller immediate rewards over larger but 

temporally delayed rewards (Amlung et al., 2019), and this also extends to ICBs in 

PD (Housden et al., 2010; Voon, Sohr, et al., 2011), although there are also data 

showing comparable performances (Joutsa et al., 2015). Furthermore, DA agonist 

enhanced learning from reward in 14 PwP with ICBs compared to 14 PwP without 

ICBs, which was associated with higher ventral striatal activity (Voon, Pessiglione, 

et al., 2010). A recent study showed heightened sensitivity to monetary rewards cues 

both “on” and “off” DRT (as indexed by pupillary dilatation) in 23 PwP with ICBs, 

whilst in 26 PwP without ICBs reward sensitivity was reduced when “off” DRT 

(Drew et al., 2020); interestingly, pupil reward sensitivity was predictive of future 

ICBs development in PwP without ICBs.  
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Despite promising, the hypothesis of enhanced reward sensitivity should be 

corroborated by larger studies with homogeneous clinical samples, and using 

multiple levels of assessment. The behavioural data of this thesis do not support a 

clear association between ICBs and reward sensitivity as between-groups differences 

in reward-based measures were found in the systematic review and meta-analysis 

(Study 2, Chapter 3; temporal discounting task, Iowa Gambling Task, risk taking and 

probabilistic reward tasks), but not in the empirical studies (Studies 1 and 3, Chapter 

3; temporal discounting task, Iowa Gambling Task, and the BART). In this thesis, 

neurophysiological data are missing as the BART version used prevents any analyses 

of event-related potential underlying reward valuation and magnitude (i.e., P300). 

Future studies should assess reward sensitivity in a single cohort of PwP with and 

without ICBs using multiple units of assessments approach (see section “future 

research”, page 443).  

 

Reduced Cognitive Control. Evidence of this thesis supports the notion that 

cognitive control may be implicated in ICBs in PD; however, what are the specific 

cognitive processes involved remains unclear. 

Cognitive control reflects the ability to effectively and adaptively identify, 

manipulate and process relevant information in order to direct behaviour towards 

one’s internal goals and suppress automatic pre-potent responses when necessary 

(Badre, 2011). Cognitive control processes are therefore implicated in the option 

generation and selection, and action inhibition or initiation stages of incentive-driven 

decision-making (Sinha et al., 2013) (see Figure 3.1, page 86). Cognitive control, 

and the neural systems that support it, are componential (Badre, 2011). 
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The behavioural studies of this thesis found that PwP with ICBs show worse 

performance compared to PwP without ICBs in two components of cognitive control 

— namely, set-shifting and inhibition —, although there is no consistency across 

studies. In other words, the systematic review and meta-analysis shows impaired set-

shifting ability (as assessed by TMT-B) and spared inhibitory control (as assessed by 

Go/No-Go, Stop Signal task, and Stroop tasks) in PwP with ICBs vs. without ICBs 

(Study 2); the opposite was found in the second empirical study (i.e., impaired 

performances in the Go/No-Go task but comparable performance in the TMT-B) 

(Study 3).  

Based on lesion mapping studies, set-shifting and inhibitions relies on 

prefrontal cortex regions such as rostral anterior cingulate cortex (ACC) and left 

dorsolateral prefrontal cortex (DLPFC), respectively (Gläscher et al., 2012). This is 

in line with cognitive neuroscience studies that show that cognitive control relies on 

prefrontal cortex functioning based on rostro-caudal hierarchical organization (Azuar 

et al., 2014; Badre & Nee, 2018). In particular, rostral parts of the lateral prefrontal 

cortex get gradually more involved when cognitive control demands become 

increasingly abstract and the apex of this hierarchy resides in the mid-DLPFC (Badre 

& Nee, 2018; Nee & D’Esposito, 2016).  

The systematic review of structural and functional correlates of ICBs in PD 

provides evidence that neural correlates of ICBs encompass brain structures 

important for cognitive control. For example, resting-state imaging studies show 

reduced functional connectivity in the central executive network (composed by the  

DLPFC and inferior parietal cortices) in PwP with ICBs, which is also evident in 

drug naïve PwP who later develop ICBs (Tessitore, De Micco, et al., 2017; 
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Tessitore, Santangelo, et al., 2017); the central executive network is usually engaged 

during cognitively demanding tasks or goal-directed behaviours.  

According to cognitive neuroscience research, cognitive control interacts 

with motivation during incentive-driven decision-making, therefore impacting on the 

extent to which goal directed behaviours are regulated, or not as in the case of ICBs 

[for a review see (Yee & Braver, 2018)]. Indeed, studies included in the systematic 

review show reduced frontostriatal connectivity in ICB+ vs. ICB- (Carriere et al., 

2015; Cilia et al., 2011; Girard et al., 2019; Markovic et al., 2017; Mosley et al., 

2019; Ruitenberg et al., 2018). For example, greater impulsivity in a gambling task 

has been associated with lower structural connectivity between the ventral striatum 

and the ventromedial prefrontal cortex in ICB+, with the opposite effect in ICB- 

(Mosley et al., 2019). Decreased connectivity between ventral striatum and the 

lateral orbitofrontal cortex and the ACC has been observed (Cilia et al., 2011) 

suggesting a dysfunctional inhibitory fronto-striatal network. This dysfunctional 

frontostriatal connectivity may disrupt integration of cognitive control and 

motivational inputs during incentive-driven decision-making. Indeed, impaired top-

down inhibitory control is a feature of addiction in general population, that leads to 

impaired salience attribution to drug-cues, decreases sensitivity to non-drug 

reinforcers, and decrease inhibition of maladaptive behaviours (Goldstein & 

Volkow, 2011). It should be noted that the cross-sectional design of the studies 

included in the thesis impede any interpretation about the direction of the effect, 

therefore two not mutually exclusive hypothesis could be drawn. The first is that 

reduced cognitive control predate ICBs onset, thereby promoting the initiation of 

ICBs-related behaviours. In other words, when cognitive control functions 

deficiently, it can affect impulse control abilities leaving PwP unable to manage 
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urges that, over time, lead to financial, personal, and family problems that affect 

quality of life (Esteban-Peñalba, Paz-Alonso, Navalpotro-Gómez, & Rodríguez-

Oroz, 2021). Alternatively, reduced cognitive control may be a consequence of 

chronic exposure to risky behaviours involving rewards which may trigger adaptive 

changes in the fronto-striatal reward system. For example, some PwP may 

experience their ICBs as stressful events (Delaney, Simpson, et al., 2012), and stress 

can impair performance on cognitive control tasks by increasing release of 

catecholamine in the prefrontal cortex (Cools, 2016). Finally, it cannot be excluded 

that cognitive control and ICBs presence might co-occur as epiphenomena of shared 

neural correlates (i.e., DLPFC) (Botvinick & Braver, 2015; Martini et al., 2020; Yee 

& Braver, 2018). Taken together, evidence from behavioural (Studies 2 and 3) and 

brain imaging level of assessments (Study 5) suggest that cognitive control may be a 

feature of ICBs in PD. Considering the lack of consistency in the behavioural 

findings, any interpretation about the specific cognitive control processes involved in 

ICBs in PD should be cautiously done and further investigation is required. 

 

Affective correlates 

Increased depression. This thesis provides evidence that, within the 

affective and motivational factors investigated, depression seems to be a reliable 

marker of ICBs in PD. Using the same paradigm (i.e., Hospital Anxiety and 

Depression scale), in two empirical studies (Studies 1 and 3; Chapter 3) higher 

depression levels in PwP with ICBs compared to healthy controls were observed. 

Moreover, in the systematic review and meta-analysis of cognitive, affective and 

motivational correlates of ICBs in PD (Study 2; Chapter 3), higher depression levels 

were reported in PwP with ICBs compared to PwP without ICBs. It should be noted 
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that in Study 4 no differences in depression levels between PwP with and without 

ICBs have been found, probably due to the small sample size and reduced statistical 

power.  

Increased depression levels in PwP with ICBs is in line with previous reports 

showing co-occurrence of ICBs and depression in PD (Callesen et al., 2014; 

Gallagher et al., 2007; Joutsa, Martikainen, Vahlberg, Voon, et al., 2012; Pontone et 

al., 2006; Voon, Sohr, et al., 2011), although this data has not been consistently 

reported (Bentivoglio et al., 2013; Biundo et al., 2011, 2015; Cilia et al., 2008; 

Claassen et al., 2015; Mack et al., 2013; Piray et al., 2014; Tessitore et al., 2016; 

Vitale et al., 2011). Reasons for inconsistency may range from variability in 

demographic and clinical characteristics of the studies’ sample to paradigms used to 

assess depression. For example, risk factors for depression in PD include longer 

disease duration, motor fluctuations, female sex, disability, higher doses of levodopa, 

and younger age (Marinus et al., 2018); if samples are not well matched for these 

clinical characteristics, this could create a bias in the findings. Moreover, many 

symptoms of depression (e.g., fatigue, weight loss, psychomotor retardation) overlap 

with symptoms of PD or the side-effects of medication making diagnosis of 

depression problematic (Marinus et al., 2018); therefore, depression scales with 

limited motor symptoms assessment may be more sensitive to detect depression in 

PD (Schrag et al., 2007). 

Random-effect model meta-analysis can overcome these limitations. This is 

because it allows to estimate the effects in the population by combining effect sizes 

from a variety of studies which may differ in their demographic and clinical 

characteristics or in the paradigms used for assessing the variable of interest (Field & 

Gillet, 2010). Using this approach, this thesis contributes to the body of knowledge 
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by showing an association between ICBs in PD and depression. Clear understanding 

of this association is limited by the use of DA agonists (in particular pramipexole) 

which may be a potential confounder, as DA agonists are one of the main risk factors  

for ICBs (Weintraub et al., 2010), but mood may also improve when they are 

administered  (Barone et al., 2010). This thesis supports the notion that depression 

may be a correlate of ICBs, despite of the use of DA agonists or other DRT type. 

Indeed, the meta-analysis showed no effect of DA agonist or levodopa dose on the 

association between depression and ICBs.  

The cross-sectional design of the studies included in the thesis impede any 

interpretation about the direction of the effect; in other words, depression could be a 

direct consequence of ICBs, being a psychological reaction to the negative 

consequences of ICBs, which can range from lower quality of life and higher 

caregiver burden (Erga et al., 2020; Leroi, Harbishettar, et al., 2012; Phu et al., 2014) 

to severe compromising of social, affective and working areas of functioning 

(American Psychiatric Association, 2013). Alternatively, ICBs may be a way to cope 

with a condition as PD, which can cause, among others, social isolation and work 

retirement. While engaged in their ICBs, PwP could avoid negative thoughts and 

negative emotions, thus using the behaviour as an emotion-focused coping strategy 

through emotional avoidance (Delaney, Simpson, et al., 2012). In support of the 

latter, longitudinal investigations found depression to predate ICBs onset and further 

increase the risk of developing them (Marín-lahoz et al., 2019; Vriend, Nordbeck, et 

al., 2014). Finally, it cannot be ruled out that, as mesocorticolimbic dysfunction may 

be involved both in depression and ICBs, they might co-occur as epiphenomena of 

shared neural correlates (Vriend, Pattij, et al., 2014). Lesion locations associated 

with depression are highly heterogeneous, but they can be mapped in a connected 
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brain circuit centred on the left DLPFC (Padmanabhan et al., 2019). The same region 

is implicated in ICBs in PD, as supported by structural and functional brain imaging 

data of the systematic review (Study 5; Chapter 5).  

 

Other affective and motivational correlates. This thesis adds evidence to 

support the notion that apathy may not be implicated in ICBs in PD. This is 

supported by comparable apathetic levels between PwP with and without ICBs in all 

behavioural studies. Apathy and impulsivity are considered as the opposite sides of a 

dopaminergic continuum, associated with hypodopaminergic and hyperdopaminergic 

states, respectively (Sinha et al., 2013). This is supported by evidence that DA 

agonist pramipexole improves apathy (Leentjens et al., 2009) but also increases 

impulsivity in PD (Weintraub et al., 2010). Conversely, anhedonia seems to be 

associated with ICBs in PD, as supported by the results of the systematic review and 

meta-analysis (Study 2). Higher anhedonic levels may be explained by decreased 

ability to experience pleasure when not engaged in ICBs. This hypothesis is 

supported by evidence of anhedonic states during withdrawal syndrome in 

individuals with alcohol or drug addiction (Hatzigiakoumis et al., 2011). If this is 

true, we might expect this feature to be present only once ICBs have been developed 

and not in the premorbid stages. However, the systematic review includes only two 

studies investigating anhedonia, therefore interpretations about the role of anhedonia 

in ICBs in PD should be cautiously done. 

Whether anxiety (Study 1: ICB+ > HC; Study 2: ICB+ > ICB-; Study 3: no 

difference) and impulsivity (Study 1: no difference; Study 2: ICB+ > ICB-; Study 3: 

trend toward ICB+ > ICB-) may be correlates of ICBs in PD remain unresolved; 



 432 

findings of this thesis further perpetuate the ambiguity that exists in the literature 

since data are not consistent across studies.  

 

Neural correlates 

Evidence from the brain imaging studies included in this thesis suggest that 

brain areas part of the cognitive control and motivational networks supporting 

incentive-driven decision-making may potentially be neural correlates of ICBs in 

PD. 

In particular, having an ICB is associated with enhanced brain activity in the 

network conveying motivational signal, which includes orbitofrontal cortex, 

amygdala, insula, ventral striatum, posterior cingulate cortex, parahippocampus and 

hippocampus, middle and inferior temporal, and supramarginal gyri, both during 

resting-state (as evidenced by rs-fMRI and perfusions studies; Study 5, Chapter 5) 

and task-based studies (as evidenced by task-based fMRI and PET studies; Studies 

5-6, Chapter 5). Interestingly, enhanced activity in the salience network — which 

includes limbic-paralimbic structures, such as anterior insula, ACC, and the ventral 

striatum — precedes ICBs onset (Tessitore, De Micco, et al., 2017). Furthermore, 

frontostriatal disruption seems to be implicated in the ICBs in PD, possibly 

disrupting the integration of cognitive control and motivational inputs during 

incentive-driven decision-making (Cilia et al., 2011; Mosley et al., 2019; Ruitenberg 

et al., 2018).  

PwP with ICBs also show reduced DAT binding in dorsal striatum, which 

may be explained by nigrostriatal terminal loss, functional downregulation, or 

genetically determined lower membrane expression (Study 6). However, it is 

unlikely that reduced DAT binding is related to functional downregulation due to 
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DRT, as reduced dorsal striatum DAT binding predate DRT initiation (Smith et al., 

2016; Vriend, Nordbeck, et al., 2014). Conversely, higher nigrostriatal degeneration 

is supported by evidence of increased risk of ICBs in PwP with longer disease 

duration and under DRT (Molde et al., 2018), two factors which are directly 

correlated with the amount of nigrostriatal loss. Genetically determined lower 

membrane expression is supported by higher risk of ICBs in PwP carrying a variant 

of a gene (i.e., 9-repeat allele of the SLC6A3) which has been associated with lower 

presynaptic DAT expression, reduced synaptic clearance, and increased DA 

availability in the synaptic space (Cilia et al., 2016). However, these findings should 

be further investigated. 

Contrary to functional brain imaging, findings from structural imaging are 

inconclusive. Reasons for inconsistency include small sample size and reduced 

statistical power, variability in the protocol of acquisition (e.g., scan duration) and 

data analysis (e.g., pre-processing and analysis, statistical threshold and methods to 

correct for multiple comparisons), as well as differences in clinical and demographic 

characteristics of the studies sample (e.g., disease duration, age at PD onset). Due to 

the small number of studies investigating either functional or structural brain 

changes (structural only: N = 12; functional only: N = 12; structural and functional: 

N = 6; see Figure 5.1, page 309) no separate meta-analyses have been done in this 

thesis; according to the current recommendations, at least 20 studies are needed in 

order to achieve sufficient statistical power for moderate effects in the Activation 

Likelihood Estimation coordinate-based neuroimaging meta-analysis (which is 

possible for whole brain voxel-based, but not for ROI-based studies, therefore 

further reducing the number of studies that could have been included) (Eickhoff et 

al., 2016). 
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Summary 

Taken together findings suggest that ICBs in PD may be characterized by reduced 

dorsal striatum DAT binding, increased brain activity in the mesolimbic reward 

system and disrupted frontostriatal top-down inhibitory control. The latter is also 

supported by impaired behavioural performances in cognitive control tasks (i.e., set-

shifting and inhibition). Depression seems to be associated with ICBs in PD, 

potentially as response to the negative consequence of ICBs as negative feedback 

processing seems to be spared in PwP with ICBs. Subsequent studies are needed to 

further strengthen or weaken predictions based on the evidence provided by this 

thesis. 

 

Strengths and Limitations 

The main strength of this programme of research is the use of different units 

of assessments for investigating PwP presenting debilitating ICBs (Insel et al., 

2010). Specifically, the units of assessments used include behaviour (Studies 1, 2, 

and 3; Chapter 3), neurophysiology (Study 4; Chapter 4) and brain circuits (Studies 4 

and 5; Chapter 5). The use of multiple units of assessments allows to investigate the 

same phenomenon from different points of views, looking for convergence. For any 

feature to be a reliable marker of ICBs, it should be evident across multiple units of 

analyses. This is the first attempt to shed light on the underpinnings of ICBs using a 

framework that promotes reliability of studies’ findings. 

 The second main strength of this programme of research concerns the 

conservative approach used for the allocation of PwP in the ICB+ group. In the 

empirical studies, ICBs were diagnosed by using a clinical interview based on 
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published diagnostic criteria. Compared to other clinical tools often used in the 

clinical and research settings such as the Questionnaire for impulsive-compulsive 

disorders in Parkinson’s disease (QUIP) and the Questionnaire for impulsive-

compulsive disorders in Parkinson’s disease rating scale (QUIP-rs), only PwP with 

clinically significant and debilitating ICBs were diagnosed as having ICBs. The 

QUIP and the QUIP-rs, despite being easy administrable and time saving tools, are 

constrained by high rate of false positives (Weintraub et al., 2009, 2012) that may 

not be confirmed, or evaluated as subclinical cases, in a subsequent thorough 

evaluation. Subclinical ICBs symptoms are considered as a disorder only when their 

presence interferes with PwP daily life or become harmful for the person (American 

Psychiatric Association, 2013). Therefore, recruitment of subclinical ICBs could 

induce interference in the outcomes (Filip et al., 2018). For example, top-down 

inhibitory control could be spared in PwP who are able to refrain from continuing to 

gamble after their first bet compared to PwP who continue to gamble for chasing 

losses. To further confirm ICBs diagnosis, in Study 3 the caregiver was 

independently interviewed for ICBs presence. This is important because PwP may 

lack awareness of their ICBs, or be motivated to conceal them due to feeling of 

guiltiness or shame (Baumann-Vogel et al., 2015). 

The third strength of this thesis is the feasibility of the design adopted in the 

empirical studies. This is supported by the low withdrawal rate (1 PwP in Study 1, 

none PwP in Studies 3 and 4), therefore excluding attrition bias (i.e., systematic 

differences between groups in withdrawal from a study).  

 There are also some limitations that should be taken into account when 

drawing conclusions from this programme of research. 
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 The main limitation, which is evident across all studies, is the reduced 

statistical power. When the sample size is small, the statistical power is reduced. The 

statistical power is the probability that the null hypothesis will be correctly rejected 

when the null hypothesis is false. Therefore, low statistical power reduces the 

likelihood of detecting a true effect. At the same time, low statistical power increases 

the risk that a statistically significant result reflects a spurious finding (i.e., low 

positive predictive value) (Button et al., 2013). Low statistical power is an endemic 

problem in neuroscience research [for a review see (Button et al., 2013)] and this 

also applies to literature on ICBs in PD as evidenced by this thesis. For example, the 

largest study included in the meta-analysis of cognitive, affective and motivational 

correlates of ICBs in PD included 58 ICB+ (Biundo et al., 2015) and the smaller 

included 7 ICB+ (Rossi et al., 2010). The largest study included in the systematic 

review of structural and functional brain imaging studies of PwP with ICBs included 

58 ICB+ (Biundo et al., 2015) and the smaller included  6 ICB+ (Loane et al., 2015). 

The largest study included in the meta-analysis of striatal PET/SPECT studies of 

ICBs in PD included 21 ICB+ (Premi et al., 2016) and the smallest 7 (Steeves et al., 

2009). In this thesis, the issue of reduced statistical power has been faced using 

several approaches. First, meta-analyses have been conducted (e.g., for cognitive, 

affective, motivational factors in Study 2, and for PET/SPECT studies in Study 6) 

and random-effect models — that weighed effect sizes by their variance, which is 

higher in smaller studies (Field & Gillet, 2010) — were applied. Second, to ascertain 

reliability of Study 1 findings, they were replicated in a larger study (Study 3); 

replication studies are not so common in the psychological research and once 

performed their replicability is very low [for an example see (Open Science 

Collaboration, 2015)]. Third, aside of p-values — which depend on both sample size 
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(the larger is the sample, the lower is the p-value) and effect sizes — , effect sizes 

have been provided; effect sizes are independent of sample size (Sullivan & Feinn, 

2012). Finally, in order to increase recruitment rate, multicentre design was 

implemented in Study 3. Since small sample size could increase both Type I and 

Type II errors, any interpretation of the studies’ findings as well as generalization to 

the larger PwP population should be carefully done. 

 The second limitation concerns the variability in demographic and clinical 

characteristics of the studies’ sample. For example, in Study 1 there were no 

differences in PwP with and without ICBs, but in Study 3 PwP with ICBs had 

younger age at PD onset, longer disease duration, and higher DRT levels. 

Differences between studies emerged despite using the same inclusion and exclusion 

criteria. This makes the conclusions about replicability of Study 1 problematic, as 

findings may differ due to baseline differences in the studies’ sample (namely, 

selection bias). Recruitments of unmatched samples is frequent in the ICBs in PD 

literature. This is supported by the systematic review of brain imaging studies (Study 

5) which included 11/30 studies where PwP with and without ICBs groups were not 

matched for demographic and clinical characteristics that may impact studies’ 

findings, such as DRT levels, age at PD onset, PD duration, PD stage, severity of 

motor functioning (see Tables 5.2, 5.4, 5.6, 5.8, Chapter 5). In the meta-analyses, the 

issue of homogeneity of the samples was approached  by using random-effect 

models, which consider both within and between study variances (Field & Gillet, 

2010). Future studies should recruit a larger number of PwP in order to match cases 

and controls for avoiding baseline differences in the studies sample.   

The third limitation is the presence of PwP with short disease duration and 

consequently short DRT initiation. Longitudinal studies evidence that ICBs can 
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appear also after 5 years of DRT initiation (Corvol et al., 2018), therefore PwP 

allocated to the ICB- group with PD duration < 5 years may have not developed a 

debilitating ICB yet, but they may will do it in the future. This may be problematic 

because these individuals may present pre-morbid vulnerability changes potentially 

creating a bias in the findings and possibly leading to null results.  

The fourth limitation is the use of blinding procedure in one study only 

(Study 1). Unblinding of assessors may increase the risk of performance bias, as 

previous knowledge of group allocation may affect tools administration and scoring. 

Due to the feasibility of the study procedure, blinding was not possible in the second 

empirical study (Study 3) as the research visits assessor was also involved in the 

screening session. In this study, contrary to predictions findings are unlikely to be 

affected by performance bias, whilst positive findings (i.e., higher false alarms in the 

Go/No-Go task) are unlikely to be affected either as they concern computerized task 

with responses automatically recorded and instructions visually presented in the 

computer screen. Finally, questionnaires were filled independently by participants. 

Blinding procedures are very uncommon in the ICBs in PD literature, as supported 

by evidence in Study 2 of only 2/25 studies indicating assessor blinding procedures. 

 

Clinical implications 

Negative feedback processing. The findings of this thesis suggest that PwP 

with ICBs are able to process negative feedback and consequently adjust their goal-

oriented behaviour. If subsequent evidence strengths these findings in a larger and 

homogeneous clinical population with PD duration longer than >5 years (see section 

“strengths and limitations”, page 434), then this data may have strong implications 

for clinical practice. 
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If individuals with ICBs are able to adequately process negative feedback, 

they are aware of the consequences of what they do, but still cannot restrain from 

pursuing in their behaviour. This in turn may have a negative impact on their mental 

state, potentially leading to increased levels of distress, which are evident in higher 

levels of depression and anxiety in PwP with ICBs, as reported in this thesis. 

Therefore, when clinicians are facing PwP with ICBs, they should pay attention to 

their mental health.  

If awareness of negative consequences of ICBs results in increased 

depression and anxiety, we may expect to find a positive correlation between 

negative feedback (i.e., discrepancy score in the BART) and any affective measure 

(i.e., depression and anxiety). However, the behavioural studies of this thesis fail to 

find any association between measures. This finding is in line with previous 

evidence of depression levels correlating with memory but not executive dysfunction 

(including impulsivity) in PwP with ICBs (Mack et al., 2013). The lack of 

association between affective measures and negative feedback processing may be 

due to the nature of the affective questionnaires used, which may not be suitable for 

directly investigating the emotional effect of negative feedback processing. Future 

studies should investigate the relationship between awareness of the negative 

consequences of behaviour and emotion using specifically validated tools. 

Furthermore, it should be also noted that being aware of the negative consequences 

of a behaviour is not the same as recognizing the behaviour as problematic, and this 

topic warrants further investigation. 

Prevalence rates of ICBs based on PwP self-reports are lower than the ones 

reported by their caregivers (Baumann-Vogel et al., 2015; Lim et al., 2011), 

suggesting two mutually exclusive hypotheses: (i) lack of awareness of ICBs, or (ii) 
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feelings of guilt and shame that may prevent PwP to disclose the behaviours or deny 

its presence. Findings of this thesis support the latter hypothesis, as PwP were found 

able to process negative feedback and change their behaviour accordingly. This is 

also in line with a qualitative study showing that for some PwP their ICBs represent 

a coping mechanisms for facing PD impact on their lives (Delaney, Simpson, et al., 

2012), and with a study showing that PwP with ICBs are aware of their executive 

dysfunction, including impulsivity (Mack et al., 2013)  In summary, this thesis opens 

up an important clinical question (i.e., the relationship between negative feedback 

processing, awareness and emotional impact in ICBs in PD) for which research is 

needed to explore further. 

 

Cognitive control. The findings of this thesis suggest that PwP with ICBs 

may show reduced cognitive control. Specifically, the behavioural studies of this 

thesis found that PwP with ICBs show worse performance compared to PwP without 

ICBs in two components of cognitive control — namely, set-shifting and inhibition 

—, although there is no consistency across studies. Furthermore, the systematic 

review of structural and functional correlates of ICBs in PD provides evidence that 

one of the neural correlates of ICBs involves prefrontal cortex brain areas (mainly, 

DLPFC) important for cognitive control. If further evidence collected will confirm 

those findings, then psychological interventions targeting those dimensions may be 

developed.  

ICBs and impulsive responding may result from failures in the top-down 

prefrontal cortex systems to regulate behaviours at the level of the striatum (Dalley, 

Everitt, & Robbins, 2011). The top-down cognitive control allows the suppression of 

goal-irrelevant stimuli and behavioural responses which may not ideal for goal-
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oriented behaviours. If ICBs are, at least in part, the result of a disruption of the top-

down cognitive control processes, this could explain why in some cases they remain 

unexpressed until PwP are strictly monitored by the carer and emerge when this 

external inhibitory control ends. In this scenario, it is even more important to provide 

carers with detailed information (e.g., implementing parent-training sessions) about 

ICBs in order to improve surveillance.  

The top-down model could be considered when developing and 

implementing non-pharmacological interventions. This is important because, within 

all factors involved in ICBs in PD, cognitive changes may be considered potentially 

modifiable as there are readily available therapies. For example, cognitive control 

training using paper and pencil tasks or computerized programs have been found to 

improve cognitive control in older adults and clinical populations (Amer, Campbell, 

& Hasher, 2016; Anguera et al., 2013; Edwards, Barch, & Braver, 2010). 

Alternatively, psychological interventions for addictive behaviours [e.g., Relapse 

Prevention model (Hendershot, Witkiewitz, George, & Marlatt, 2011)] may focus on 

coping strategies for handling high risk situations therefore preventing relapses in 

individuals with reduced cognitive control that are at risk of performing ICBs 

behaviours. Within psychological interventions, cognitive behavioural therapy 

(CBT) has been found to be effective in reducing ICBs in PD. For example, a recent 

randomized controlled trial of 12 sessions of CBT compared to a waiting list control 

condition found improvement at the 6-months follow-up in global symptom severity 

in the CBT intervention group vs the control condition (Okai et al., 2013). The 

intervention consisted in sessions including psychoeducation on ICBs but also on 

executive dysfunction (which include cognitive control), motivational interviewing 

to identify where the patient was in terms of the cycle of change, monitoring of 
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behaviour, problem solving and pleasant activity scheduling. Future studies may 

develop CBT trainings tailored to the specific cognitive control impairments 

reported in PwP with ICBs, which may increase effectiveness of treatments. The 

National Institute for Health and Care Excellence (NICE) guidelines recommend 

CBT for PwP with ICBs as management strategy, above all when the approach of 

discontinuing or tampering DA agonists is not successful (National Institute for 

Health and Care Excellence, 2017; Rogers et al., 2017), However, there are only two 

studies investigating CBT in PwP with ICBs and larger trials are warrant. 

 

Depression. The findings of this thesis suggest that depression may be a 

consistent feature of ICBs in PD. If further evidence supports this finding (the 

studies of this thesis may have not provided adequate power for affective measures), 

depression should be routinely assessed in clinical practice. Its presence could 

inform clinicians about the likelihood that an ICB could co-occur or may be 

developed in the future, therefore optimizing medical decisions (e.g., type of 

medications to be prescribed, closed follow-up for early detection of ICBs onset). In 

order to do that, clinicians may use tools that include low number of motor items 

which may be confounded for motor features of PD; in this regard, the Hospital 

Anxiety and Depression Scale (HADS) is a not time-consuming tool that has been 

recommended for screening depression in PD since the low number of somatic items 

included (Schrag et al., 2007).  

 Association between ICBs and depression paves the way for future studies on 

non-pharmacological treatments of ICBs. The two conditions share some neural 

correlates, in particular the DLPFC (Padmanabhan et al., 2019; Tessitore, De Micco, 

et al., 2017; Tessitore, Santangelo, et al., 2017), as well as ACC, orbitofrontal cortex, 
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thalamus, amygdala and hippocampus (Martini et al., 2020; Wen, Chan, Tan, & Tan, 

2016). Non-invasive brain stimulation of the left DLPFC using high frequency 

transcranial magnetic stimulation (HF-rTMS) for treating major depression has been 

proven to be effective in general population (level A recommendation) and probably 

effective in PD (level PD recommendation) (Lefaucheur et al., 2020). Whether the 

HF-rTMS of the DLPFC could be useful to also improve ICBs warrants further 

investigation, as there are no such studies in PwP with ICBs.  

 

Future Research 

The present research generates five main questions that would be of a 

particular interest for further investigation. Each of them is considered in turn. 

 

Enhanced sensitivity toward positive feedback. The present research was 

unable to inform whether sensitivity toward positive feedback is enhanced in PwP 

with ICBs. As explained above, positive feedback processing is crucial for incentive-

driven decision-making (Sinha et al., 2013) and it has been shown to be modulated 

by dopamine (Bodi et al., 2009; Frank et al., 2004). If individuals are oversensitive 

toward positive feedback, their motivation toward pursuing rewards is enhanced and 

cognitive control mechanisms may not be strong enough for inhibiting strong drives 

associated with behaviours that in the longer terms may be associated with negative 

consequences. Increased reward sensitivity is supported by evidence of increased 

dopamine release during gambling task or reward-based stimuli exposure (Study 6) 

as well as by increased brain activity in areas implicated in reward processing (Study 

5). Behavioural data of this thesis do not clearly support an association between 

enhanced sensitivity toward reward and ICBs in PD (e.g., PwP with and without 
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ICBs differences in temporal discounting in Study 2, but not in Studies 1 and 3). 

Neurophysiological investigation of reward processing was not possible in this 

thesis, as the paradigm used prevents analyses on the positive feedback trials (see 

page 273; Chapter 4). Future studies may include multiple levels of assessments for 

evaluating sensitivity toward reward in a single cohort of PwP with and without 

ICBs, thereby controlling for differences in PD population, screening and assessment 

measures. In order to do that, a modified version of the IGT which allows separate 

ERP analyses (i.e., FRN and P300) for positive and negative feedback could be used 

(Mapelli et al., 2014), as well as fMRI analyses on resting-state and task-based 

conditions (Frosini et al., 2010; Loane et al., 2015; Politis et al., 2013; Tessitore, 

Santangelo, et al., 2017).  

An intriguing question is whether enhanced sensitivity toward reward, if 

present, is maintained when ICBs are remitted. If so, this could support the notion 

that, along time, synaptic plasticity related to craving causes long-term potentiation 

in the reward system. Once DRT dose is decreased, ICBs remit although they will 

appear if PwP are exposed to the same dose. No study on reward sensitivity in 

remitters vs. active ICBs and non-ICBs has been published yet. 

 

Longitudinal investigation of ICBs in PD. The present work adds evidence 

that support several hypotheses about the cognitive and affective correlates of ICBs 

in PD, which are (i) cognitive control, and (ii) depression. Furthermore, potential 

neural correlates of ICBs have also been identified, which are (i) lower DAT binding 

in dorsal striatum, (ii) increased brain activity of areas belonging to the incentive-

driven decision-making networks (i.e., ventral striatum, orbitofrontal cortex, 

ventromedial prefrontal cortex, anterior and posterior cingulate cortex, amygdala, 
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insula, parahippocampus and hippocampus, middle and inferior temporal, and 

supramarginal gyri), and (iii) frontostriatal disconnection as well as decreased 

activity of the central executive network (DLPFC and inferior parietal cortices) 

during resting-state. Therefore, the studies of this thesis that could be expanded to 

answer the prediction question of which PwP may develop clinically significant 

ICBs are the behavioural (depression and cognitive control) and brain imaging ones.  

In particular, these ICBs correlates will be included in a longitudinal study 

and, based on the results of this thesis, predictions will be done. Longitudinal study 

can ascertain whether changes, if present, predate ICBs onset and DRT initiation.  

Cross-sectional studies only evidence whether there is reciprocal relationship 

between ICBs and the investigated factors (i.e., the two things go together); 

conversely, longitudinal studies can indicate whether ICBs correlates are expression 

of risk factors (premorbid vulnerability) or represent changes associated with 

constantly being engaged in the behaviour (episode-related factors). Understanding 

of the role of correlates of ICBs has important implications. Once they appear, ICBs 

are usually treated by reducing the DRT dose or switching to another DRT type 

(National Institute for Health and Care Excellence, 2017); however, this approach is 

not always effective (see page 8, Chapter 1) and a shift toward a preventive approach 

should be pursued. In order to encourage this change, factors associated with ICBs 

should be divided in vulnerability (i.e., factors abnormal before ICBs development) 

and episode-related (i.e., abnormal during the ICB, but not when the ICBs is 

remitted). This partition has two synergic implications. On one hand, (i) once 

episode-related factors are identified, new therapeutic strategies (novel agents and 

non-pharmacological treatments) could be developed targeting specific impairments. 

On the other hand, (ii) once vulnerability factors are identified, new tools could be 
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developed for assessing ICBs risk in drug naïve PwP; patients with high risk of ICBs 

could be carefully monitored and, if subclinical changes emerge, they may be 

offered with psychological therapies. PwP with subclinical ICBs are those 

individuals who show some index features on ICBs surrogate measures, but in whom 

there is no clinical impact of the ICBs. Even if the symptoms may not meet the 

criteria for being considered clinically significant, any behavioural change from 

baseline should not be underestimated. Clinicians should monitor closely these 

individuals (possibly with frequent follow-up visits) to ascertain the behaviours do 

not increase in their severity. Moreover, it is important to provide the carer with 

detailed information about ICBs in order to improve surveillance. For example, it is 

important to provide information about what ICBs are, what could be the 

consequences, and the fact that behaviours could be concealed. The carer should be 

aware that it is important to inform immediately the clinician if any behavioural 

change has been noted. Counselling about ICBs should be done at any follow-up 

visit, above all when changing DRT.  

 

Replication studies are needed. This thesis raises a concern related to the 

broad psychological literature (Open Science Collaboration, 2015), and more 

specifically ICBs in PD, which is the reproducibility of studies’ findings with new 

data. When the first study of this thesis has been replicated, findings were not 

aligned with the original research. 

Replicability of Study 1 was tested as this study was limited by small sample 

size, albeit the number of the participants included was in line with the broad ICBs 

in PD literature. This finding questions the reliability of many other studies on ICBs 

in PD, which may also be undermined by sample size issues. However, in the ICBs 
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in PD literature, there are no studies specifically designed for investigating 

replicability of the findings. Furthermore, the systematic review of the structural and 

functional brain imaging studies evidences variability in the study design, protocol 

of acquisition and data analysis, which could have accounted for discrepancy in 

studies’ findings. Future studies should replicate previous imaging studies using the 

same design, protocol of acquisition and data analysis. One of the reasons for the 

paucity of reproducibility studies in the literature is because the incentives for 

individual scientists and publication practices prioritizes novelty over replication 

(Nosek, Spies, & Motyl, 2012). However, a discipline is unlikely to develop if it is 

based on false positive or false negative results. Failure in replicating does not 

undermine the reason for conducting the original study in the first place; if the initial 

hypotheses were always correct, then there would not be a reason for conducting 

research. Therefore, a balance between resourcing and publishing innovation and 

verification is aimed (Open Science Collaboration, 2015). 

 

Transdiagnostic approach. Future studies should include a non-PD clinical 

group with ICBs to test whether spared sensitivity toward negative feedback, 

reduced cognitive control, increased depression, reduced DAT binding, and 

abnormal activity in the mesolimbic and frontostriatal areas are also evident in other 

non-PD clinical populations with ICBs. Low doses of DA agonist and levodopa are 

effective in the treatment of restless legs syndrome, and dopamine agonists are also 

used off-label in the treatment of fibromyalgia, with the risk, in both conditions, of 

developing ICBs (Cornelius et al., 2010; Holman, 2009; Voon, Schoerling, et al., 

2011).  
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According to a transdiagnostic approach underlying the RDoC framework 

(Insel et al., 2010), reward-seeking exists on a continuum that spans the full range of 

normal human behaviour, with varying degrees of dysfunction cutting across 

traditional diagnostic boundaries. Therefore, findings on ICBs in PD may have 

relevance also for ICBs in restless legs syndrome and fibromyalgia. Previous studies 

on ICBs in restless syndrome show that they are associated with higher DA agonists 

doses, younger age at restless legs syndrome onset, history of experimental drug use, 

female gender, and family history of gambling disorder (Voon, Schoerling, et al., 

2011). In fibromyalgia, cases of ICBs have been reported but no analysis has been 

done to identify correlates of ICBs (Holman, 2009). Future studies should investigate 

whether ICBs in PD and in non-PD conditions share some psychological and neural 

mechanisms.  

 

Other levels of assessments should be integrated. Finally, findings should 

be supported by other units of assessments such as genetic. Previous candidate gene 

studies found specific polymorphisms in ICBs in PD (Abidin et al., 2015; Cilia et al., 

2016; Cormier-Dequaire et al., 2018; Erga et al., 2018; Kraemmer et al., 2016; 

Krishnamoorthy et al., 2016; Lee et al., 2012, 2009); however, the current state of 

the field emphasizes the need of more robust evidence of association between 

behavioural changes and genetic background. Such power could result from 

adequately powered genome wide association studies, instead of candidate gene 

approaches. Genome wide association studies involve exploring the entire human 

genome in a hypothesis-free manner with the purpose of discovering patterns in the 

entire human genome rather than investigating pre-specified relationships. Candidate 

genes studies can be done after genome wide association studies, in order to confirm 
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and extend findings. As genome wide association studies require big sample size, 

they may require multicentre collaborative research or the use of existing databases. 

Findings from genetic studies have important implications as they may inform the 

development of screening tools for identifying PwP at risk of ICBs before DRT 

initiation and/or the development of new therapeutic agents. 

 

Conclusions 

This thesis has extended the understanding of the psychological (cognitive, 

affective and motivational) and neural mechanisms underlying ICBs in PD. In order 

to do that, several units of assessments have been investigated: behavioural, 

neurophysiological and brain circuits. It was proposed that one or more processes 

supporting incentive-driven decision-making would be affected in PwP with ICBs 

(Sinha et al., 2013). Using two units of assessments — behavioural and 

neurophysiology —findings show that negative feedback processing may be spared 

in PwP with ICBs. Alternative explanation, which is supported by brain imaging 

findings and warrants further investigation, is that sensitivity toward reward is 

enhanced in ICBs in PD. Changes in brain areas supporting cognitive control have 

been found, as well as impairments in cognitive processes related to cognitive 

control, namely set-shifting and inhibition. Taken together, results suggest that 

cognitive control mechanisms may not be strong enough for inhibiting strong drives 

associated with behaviours that in the longer-term result in negative consequences. 

ICBs in PD are associated with higher levels of depression, but not apathy; these 

findings, despite being evaluated with a single unit of assessment (i.e., behavioural, 

self-report questionnaires) have been consistently found across the studies of this 

thesis. Finally, ICBs in PD are associated with reduced DAT binding in the dorsal 
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striatum. These findings have important clinical implications for identifying PwP 

likely to have ICBs, for developing psychological interventions, and for 

investigating ICBs arising as DRT side-effects in other non-PD populations. 

Moreover, they may increase our understanding of incentive-driven decision-

making.  
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Appendix C: Study 1 persons with Parkinson’s disease participants study pack 

consisting 

of a letter of invitation, information sheet, reminder letter 
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Reminder Letter 
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Appendix D: Study 1 persons with Parkinson’s disease participants consent 

form 

 

 



 547 

Appendix E: Impulsive-compulsive behaviours diagnostic interview 
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Appendix F: Study 1 healthy controls study pack consisting of a letter of 

invitation, information sheet, and response letter 

 

Letter of Invitation 
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Information sheet 
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Reminder letter 
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Appendix G: Study 1 healthy controls consent form 
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Appendix H: modified Hoehn and Yahr Scale  
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Appendix I: Unified Parkinson’s disease Rating Scale 
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Appendix J: Epworth Sleepiness Scale 

 

 

 

 

 



 597 

Appendix K: Mini-Mental State Examination 

 

 



 598 

 

 

 

 
 



 599 

Appendix L: Cambridge Cognitive Examination (CAMCOG) 
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Appendix M: Wechsler Test of Adult Reading  
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Appendix N: Balloon Analogue Risk Task  
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Appendix O: Trail Making Test Part A and B 
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Trail Making Test Parts A and B instructions 
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Appendix P: Divided Attention task 

 

 

 

 



 618 

Appendix Q: Hayling Sentence Completion Task  
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Appendix R: Kirby Monetary Choice Questionnaire 

 

For each of the next 27 choices, please indicate which reward you would prefer: 
the smaller reward today, or the larger reward in the specified number of days. 
Please, underlie your answer, as showed in the two examples below. 
 
0.   Would you prefer £1 today, or £2 in 15 days? 
 
00. Would you prefer £3 today, or £4 in 20 days? 
 
1.   Would you prefer £36 today, or £37 in 117 days? 
 
2.   Would you prefer £37 today, or £50 in 61 days? 
 
3.   Would you prefer £13 today, or £17 in 53 days? 
 
4.   Would you prefer £21 today, or £57 in 7 days? 
 
5.   Would you prefer £9 today, or £17 in 19 days? 
 
6.   Would you prefer £31 today, or £33 in 160 days? 
 
7.   Would you prefer £10 today, or £23 in 13 days? 
 
8.   Would you prefer £17 today, or £40 in 14 days? 
 
9.   Would you prefer £52 today, or £54 in 162 days? 
 
10. Would you prefer £27 today, or £37 in 62 days? 
 
11. Would you prefer £7 today, or £20 in 7 days? 
 
12. Would you prefer £45 today, or £50 in 119 days? 
 
13. Would you prefer £22 today, or £23 in 186 days? 
 
14. Would you prefer £18 today, or £33 in 21 days? 
 
15. Would you prefer £46 today, or £57 in 91 days? 
 
16. Would you prefer £33 today, or £40 in 89 days? 
 
17. Would you prefer £54 today, or £57 in 157 days? 
 
18. Would you prefer £16 today, or £23 in 29 days? 
 
19. Would you prefer £22 today, or £54 in 14 days? 
 
20. Would you prefer £19 today, or £20 in 179 days? 



 621 

 
21. Would you prefer £22 today, or £33 in 30 days? 
 
22. Would you prefer £17 today, or £20 in 80 days? 
 
23. Would you prefer £27 today, or £50 in 20 days? 
 
24. Would you prefer £36 today, or £40 in 111 days? 
 
25. Would you prefer £36 today, or £54 in 30 days? 
 
26. Would you prefer £15 today, or £17 in 136 days? 
 
27. Would you prefer £13 today, or £37 in 7 days? 
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Appendix S: Go/No-Go  
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Appendix T: Brixton Spatial Anticipation Test 
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Appendix U: Logical Memory  
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Appendix V: Barratt Impulsiveness Questionnaire 
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Appendix W: Starkstein Apathy Scale 

 

1. Are you interested in learning new things? Not at all slightly some a lot 

2. Does anything interest you? Not at all slightly some a lot 

3. Are you concern about your condition? Not at all slightly some a lot 

4. Do you put much effort into things? Not at all slightly some a lot 

5. Are you always looking for something to do? Not at all slightly some a lot 

6. Do you have plans and goals for the future? Not at all slightly some a lot 

7. Do you have motivation? Not at all slightly some a lot 

8. Do you have the energy for daily activities? Not at all slightly some a lot 

9. Does someone have to tell you what to do each day? Not at all slightly some a lot 

10. Are you indifferent to things? Not at all slightly some a lot 

11. Are you unconcerned with many things? Not at all slightly some a lot 

12. Do you need to be pushed to get started on things? Not at all slightly some a lot 

13. Are you neither happy nor sad, just in between? Not at all slightly some a lot 

14. Do you consider yourself apathetic? Not at all slightly some a lot 
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Appendix X: Hospital Anxiety and Depression Scale 
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Appendix Y: Study 2 List of studies excluded at the full-text screening stage and reason(s) for their exclusions 

Authors (year) Reason(s) for exclusion 

Auyeung et al[1]  No suitable outcome measure (only hallucination and previous history of depression and anxiety explored) 

Averbeck et al[2] No criteria for ICB diagnosis reported; participants included in multiple studies/double. 

Balasubramani et al[3] No suitable outcome measure (experimental task); no criteria for ICB diagnosis reported 

Callesen et al[4] Postal survey (QUIP) only (i.e., no clinical interview to confirm/exclude ICB) 

Cerasa et al[5] Patients screened only for PG (i.e., control group might include patients with other types of ICB) 

Claaseen et al[6] No exact data available 

Crockford et al[7] Patients screened only for PG (i.e., control group might include patients with other types of ICB) 

Djamshidian et al[8]   No suitable outcome measure (experimental task) 

Djamashidian et al[9]   No suitable outcome measure (experimental task) 

Djamshidian et al[10]   No suitable outcome measure (salivary cortisol dosage); participants included in multiple studies/double 

Djamshidian et al[11]   No suitable outcome measure (experimental task) 

Djamshidian et al[12] Three participants in the ICB+ group had substance abuse 

Djamshidian et al[13] No suitable outcome measure (experimental task) 

Evans et al[14]   No ICB- control group (no comparison ICB+ vs. ICB-) 

Farnikova et al[15] No suitable outcome measure (MMPI) 

Garlovsky et al[16] No PD-no ICB control group (patients divided into high vs. low QUIP score without defining a cut-off value); three PD patients treated with DBS 

Gee et al[17]   No ICB- control group 

Gescheidt et al[18] Dementia not excluded 

Goerlich-Dobre et al[19] No ICB+ vs. ICB- comparison 

Hurt et al[20] Dementia not excluded 

Joutsa et al[21] Postal survey (QUIP, SOGS) only (i.e., no clinical interview to confirm/exclude ICB) 

Joutsa et al[22] Postal survey (QUIP) only (i.e., no clinical interview to confirm/exclude ICB) 

Joutsa et al[23] No suitable outcome measure (PET imaging study) 

Klos et al [24] Case series including PD and MSA patients; no cognitive, affective or behavioural measure reported 

Kim et al[25] Study on treatment (DBS) effect on ICB (data on ICB before DBS assessed retrospectively) 

Leplow et al[26] No suitable outcome measure (experimental task) 

Leroi et al[27] Participants included in multiple studies/double 

Leroi et al[28] Dementia not excluded; no information on ICB preceding PD onset in the control group 
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Authors (year) Reason(s) for exclusion 

Lim et al[29] Patients with PD-dementia were included; QUIP only (i.e., no clinical interview to confirm/exclude ICB) 

Mamikonyan et al[30] Patients with ICB history included in the ICB- control group; no cognitive, affective or behavioural measure reported 

Olley et al[31]   Patients with ICB history included in the ICB- control group 

Pellicano et al[32] No suitable outcome measure (neuroimaging study) 

Phu et al[33] No suitable outcome measure (quality of life) 

Politis et al[34]   No suitable outcome measure (neuroimaging study) 

Pontone et al[35]   No suitable outcome measure (neuropsychiatric inventory that offers a composite behavioural score) 

Rao et al[36]   Dementia not excluded; no suitable outcome measure (neuroimaging study) 

Ray et al[37]   
Unclear whether patients with ICB history, other than PG, were included in the ICB- control group; one patient treated with DBS; no suitable 

outcome measure (neuroimaging study) 

Sachdeva et al[38]   Patients with alcohol history included in the study 

Saez-Francas et al[39]   Nearly a third of the sample were de novo drug naïve PD patients 

Santangelo et al[40]   Control group included 2 PD patients with hypersexuality and 1 PD patient with compulsive shopping  

Siri et al[41]   
Dementia not excluded (two patients in the control group with clinical signs of dementia); patients grouped in active PG vs. ICB- control group 

(i.e., patients with ICB other than PG likely not included) 

Siri et al[42]   Dementia not excluded 

Steeves et al[43]   
Unclear whether patients with ICB history, other than PG, were included in the ICB- control group; no suitable outcome measure (PET imaging 

study) 

Van Eimeren et al[44]   
Unclear whether patients with ICB history, other than PG, were included in the ICB- control group; no suitable outcome measure (PET imaging 

study) 

Voon et al[46]   Patients with personal or immediate family history of alcohol abuse were included 

Voon et al[47]   Patients with substance abuse disorders were included; participants included in multiple studies/double 

Voon et al[48]   
Patients with substance abuse disorders were included; participants included in multiple studies/double; no suitable outcome measure 

(experimental task and neuroimaging study)  

Voon et al[49]   Dementia not excluded 

Voon et al[50]   
Patients with substance abuse disorder were included; participants included in multiple studies/double; no suitable outcome measure (experimental 

task and neuroimaging study) 

Vriend et al[51]   All patients were drug-naïve at baseline; dementia not excluded at follow-up 

Weintraub et al[52]   Dementia not excluded; no suitable outcome measure (no cognitive, affective or behavioural data were recorded) 
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Authors (year) Reason(s) for exclusion 

Wylie et al[53]   No exact data available 

Yoo et al[54] Patients screened only for punding (i.e., control group might include patients with other types of ICB) 

Yoo et al[55] No suitable outcome measure (neuroimaging study) 

Legend. DBS: deep brain stimulation; ICB: impulsive-compulsive behaviour; MSA: multiple system atrophy; PD: Parkinson’s disease; PG: pathological gambling; 

QUIP: Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease; SOGS: South Oaks Gambling Screen.  
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Appendix AR: Study 5 List of studies excluded at the full-text screening stage with reason(s) for their exclusions 

 

Authors (year) Reason(s) for exclusion 

Balconi et al. [1] 
Unclear whether the ICB- group includes also patients with ICBs other than GD (i.e., QUIP-rs above the cut-

off). 

Navalpotro et al. [2] No between groups comparison. 

Filip et al. [3] 
No ICBs diagnostic procedure defined, therefore it is not clear whether the PD control group was screened for 

ICBs presence. 

Voon et al. [4]   Patients with substance abuse disorder were included; participants included in multiple studies/double. 

Voon et al. [5]   Patients with substance abuse disorders were included; participants included in multiple studies/double.  

Van Eimeren et al. [6]   
Unclear whether patients with ICBs history, other than GD, were included in the ICB- control group; No all 

ICBs types screened. 

Rao et al. [7]   Dementia not clearly excluded. 

Cerasa et al. [8] Patients screened only for GD (i.e., control group might include patients with other types of ICBs). 

Yoo et al. [9] Patients screened only for punding (i.e., control group might include patients with other types of ICBs). 

Legend. ICBs: impulsive compulsive behaviours; PD: Parkinson’s disease; GD: gambling disorder; QUIP-rs: Questionnaire for Impulsive-Compulsive Disorders 

in Parkinson’s Disease rating scale.  
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disease. Journal of Parkinson's disease, 8(2), 341-352. 

2 Navalpotro-Gomez, I., Dacosta-Aguayo, R., Molinet-Dronda, F., Martin-Bastida, A., Botas-Peñin, A., Jimenez-Urbieta, H., ... & Rodriguez-Oroz, M. C. 

(2019). Nigrostriatal dopamine transporter availability, and its metabolic and clinical correlates in Parkinson’s disease patients with impulse control 

disorders. European journal of nuclear medicine and molecular imaging, 46(10), 2065-2076. 
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3 Filip, P., Linhartová, P., Hlavatá, P., Šumec, R., Baláž, M., Bareš, M., & Kašpárek, T. (2018). Disruption of multiple distinctive neural networks 

associated with impulse control disorder in Parkinson's disease. Frontiers in human neuroscience, 12, 462. 

4 Voon V, Pessiglione M, Brezing C, et al. (2010). Mechanisms Underlying Dopamine-Mediated Reward Bias in Compulsive Behaviors. Neuron, 65, 135–

142. 

5 Voon V, Gao J, Brezing C, et al. (2011). Dopamine agonists and risk: Impulse control disorders in Parkinson’s Disease. Brain, 134, 1438–1446. 

6 Van Eimeren T, Pellecchia G, Cilia R, et al. (2010). Drug-induced deactivation of inhibitory networks predicts pathological gambling in PD. Neurology, 

75, 1711–1716. 

7 Rao, H., Mamikonyan, E., Detre, J. A., Siderowf, A. D., Stern, M. B., Potenza, M. N., & Weintraub, D. (2010). Decreased ventral striatal activity with 

impulse control disorders in Parkinson's disease. Movement Disorders, 25(11), 1660-1669. 

8 Cerasa, A., Salsone, M., Nigro, S., Chiriaco, C., Donzuso, G., Bosco, D., ... & Quattrone, A. (2014). Cortical volume and folding abnormalities in 

Parkinson's disease patients with pathological gambling. Parkinsonism and related disorders, 20(11), 1209-1214. 

9 Yoo HS, Yun HJ, Chung SJ, et al. (2015). Patterns of Neuropsychological Profile and Cortical Thinning in Parkinson’s Disease with Punding. PLoS One, 

10, 1–12. 
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Appendix AS: Study 6 List of studies excluded at the full-text screening stage with reason(s) for exclusions 

 

Authors (year) Reason(s) for exclusion 

Cilia et al. [1] Brain perfusion 

Cilia et al. [2] Double: Eleven of 15 PwP with GD have been previously described in detail in Cilia et al. (2008) 

Joutsa et al. [3] 
Double: the group comparisons of the imaging data of PwP with and without ICBs have been published 

elsewhere (Joutsa et al., 2012) 

Kobayakawa et al. [4] No ICBs; No PET/SPECT 

O’Sullivan et al. [5] Double: Data from six of PwP with ICB have been published elsewhere (Wu et al., 2015) 

Ray et al. [6] Extrastiatal study 

Smith et al. [7] OR and incidence only 

Van Eimeren et al. [8]   Brain perfusion 

Vriend et al. [9] No PET/SPECT data: SPECT only during the baseline visit when PwP were unmedicated. 

Legend. ICBs: impulsive compulsive behaviours; PwP: Persons with Parkinson’s disease; GD: gambling disorder; PET: positron emission tomography; SPECT, 

single-photon emission computed tomography. 
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